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LARK KICKLESS CABLE 
Intricate Knot in 8 Foot a cables of wale po- 
Section of Clark Kickless larity helically interwoven with 


Cable. Sufficient flexibility in corrugated rubber spacer. 


all directions for every porta- 
ble welder gun application, with 


no restriction to cooling 
water, and with no distor- 


tion of cable, are features 
of Clark Kickless Cable. 


This Special Construction: 


1. Effectively eliminates ‘’Kick”’. 


2. With given secondary voltage 
delivers greater amperage from 
the line than when seperate 
cables are used. 


3. Provides longer cable life. 


4. Makes better welds because the 
gun does not kick. 


5. Offers efficient cooling. 


FULLY DESCRIPTIVE BULLETIN 7777 ON REQUEST 


OFFICES IN PRINCIPAL CITIES 


THE CLARK CONTROLLER 
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help you get 
PROMPT DELIVERIES 


LOWER COSTS. 


It's costly to experiment with inadequate arc welding 
equipment when rush delivery dates are to be met! Ho- 
bart Arc Welders, with the Multi-Range time and labor 
saving convenience features, are made to meet just such 
emergencies. They reduce labor costs; make it easier 
to get quality welds; operate profitably day after day 
without difficulty. 


LIBERAL TRI In order to fully realize the 

savings you get with a Ho- 
bart, take advantage of our liberal trial plan that lets you 
use a Hobart on your own work, at our risk! Check coupon! 


HOBART BROS. CO., Box WJ-1240 Troy, Ohio 


“Successful Manufacturers Since 1892" 


HOBART 
2 bookies 


“The Fastest Selling Arc Welder on the Market” | simply tear off 
coupon and mail 
HOBART ELECTRODES—the equal 
= of or better than anything you've 
~, tried for tank, boiler, shipbuilding, 
~~ pipe. machinery, construction welding 
= etc, Get acquainted with them—ask for 
“Ss handbook and prices. 
HOBART BROS. €O., Box WJ-1240 Troy, Ohio 
Please send me ding book and more 
Janformation Hobart “Simplified” Arc Weld- 
ially on the items checked below: 


ectric Drive A.C, Welder Hobart Electrodes 
Gasoline Drive Liberal Trial Hobart Welding School 


I'm interested in amp, capacity arc welders. 
ADDRESS 


OF THE WORLDS LARGEST BUILDERS OF ARC WELDERS THE FASTEST SELLING ARC WELDER ON THE MARKET 
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A Christmas Message Grom Our President 


It is comparatively recent that the technical society has 
arisen as an important factor in industrial life. Conceived 
by far sighted individual engineers, fostered by coope rative 
effort, the technical society has developed into an orgs inism 
which is a unit of our present civilization. Democratic in 
form and organization, engaged in the perfection of the indi- 
vidual, seeking industrial efficiency, striving for the good and 
well-being of all, it must be given recognition as a factor 
which sustains our Christian Era. 

The basic philosophy of the technic: al society involves the 
development of the individual, for otherwise he cannot be 


of the maximum service to the community. It requires 
cooperative effort without which optimum results ave im- 
possible. The ultimate aim is the welfare of all. 

This philosophy has not been popularized by any catch 
phrase. Its adherents labor without thought of immediate 
reward. The feeling of satisfaction that something is ac- 
complished for the common good may be the sole reward. 
Yet the work goes on at an accelerated pace. 

We dedicate this space to those of the American Wel« ling 
Society who have given of themselves that others might lead 
better lives. 
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Single copies, non-members $.75; Special issues October 
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PRODUCTION 
MEANS 
PROTECTION 


OT since ‘17, when welding answered industry's call 
for stepped-up production, has there been so great a 
need for a welder that can really turn out bonus welding! 


G.E. is proud to present to industry an entirely new line 
of a-c welders with these important advantages: 


1. Greatly improved power-factor—reduces installation 
costs, saves power, reduces demand-charges. 


2. Finger-tip current adjustment—saves effort and time. 
3. Stepless current adjustment—provides precise setting. 
4. Large scale readily indicates current adjustment. 


5. Cover protects output terminals, cable, and the 
operator. 


6. Open-circuit voltage of 75 volts combines additional 
safety with easy welding. 


7. Fan-forced ventilation—provides cool operation— 
saves weight and floor space. 


8. Practically NO maintenance—annual lubrication. 


GENERAL ELECTRIC 


Section A 672-24 


Company. 
General Electric 
harge, your Bulletin GEA- 
trie these new A-C welders. 


Please send me, 
3532, covering comple 
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How to Select 


TRADE-MARK 


XWELD hand-cutting blowpipes and cut- 
() ting attachments have pressure forged 
heads, rigid tube construction, and excellent 
balance. The internal gas passages and mixing 
assemblies are so designed as to maintain stable, 
intense preheating flames that help start cuts fast 
and carry them through steadily to the end. 

The information shown here will help you se- 
lect the Oxweld cutting apparatus and nozzles that 
will handle your type of work most efficiently. 


For Cutting with Low- or 
Medium-Pressure Acetylene — the C-31 
For cutting steel plate, girders, and billets, for removing risers, 
for demolition work, for general cutting of steel, cast iron, or 
wrought iron up to 12 inches thick, select the Oxweld C-31. 
This blowpipe embodies the injector principle of gas mixture, 
which permits operation with low-pressure acetylene. The C-31 
can also be used efficiently with medium-pressure acetylene. 
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For Cutting with 
Medium-Pressure Acetylene Only — the C-32 


The Oxweld C-32 is acompanion blowpipe to the C-31 and offers 
the same range, efhcient performance, and durability as the C-31. 
The difference is in the gas mixing assembly—the C-32 uses a mix- 
er and is designed to operate on medium-pressure acetylene only. 


For Occasional Cutting _ 
the CW-23 


If your work involves only occasional cutting, select the Oxweld 
CW-23 Cutting Attachment. It fits on the handle of the Oxweld 
W-17 and W-22 Welding Blowpipes, and can be used with either 
low- or medium-pressure acetylene. Within its range, it operates 
as efhciently as a cutting blowpipe. 


For further help in selecting Oxweld oxy-acetylene 
equipment, call Linde or send the coupon. &> 


THE LINDE AIR PRODUCTS COMPANY 


Unit of Union Carbide and Carbon Corporation 


UCC) 


New York, Chicago, Birmingham, Kansas City, 
San Francisco, and other Principal Cities 


In Canada: Dominion Oxygen Company, Limited, Toronto 


Hand-Cutting Equipment 


Gouging a groove in a steel plate with 
an Oxweld C-32 and gouging nozzle. 


Oxweld Cutting Nozzles 


Oxweld cutting nozzles direct the preheat flame 
and the cutting oxygen jet in such a way that a 
combination of high cutting speed and smooth cut 
edges is achieved. All Oxweld nozzles have 
chrome plating and protected seats for long ser- 
vice life, even under severe operating conditions. 


1. Oxweld standard cutting nozzles are used for 
all straight cuts and bevels. The eleven (11 
are for cutting metal from 1/16 in. to 12 in.,, 
size giving best results within its range. 


2. The Oxweld Low Velocity Rivet-Cutting Noz- 
zle is for removing rivets from plate and struc- 
tural members without injuring the surrounding 
metal, especially valuable in demolition work. 


sizes 


each 


3. Oxweld Gouging Nozzles, available in three 
(3) sizes, enable you to cut grooves of controlled 
dimensions, remove defective or temporary welds, 


and prepare plate edges for welding. 


The Linde Air Products Company 
30 East 42nd Street 


New York, N. Y. 
) Send literature on Oxweld cutting equipment 
( Have a Linde representative call 
Street lddress 


City and State 


LINDE OX YGEN...PREST-O- LITE ACETYLENE...UNION CARBIDE 


OXWELD, PREST- 


The words 


“Oxweld,” “Linde,” “‘Prest-O-Lite,” “Union,” “Prest-O-Weld,”’ 
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and **Purox”’ 


O-WELD., AND PUROX APPARATUS...OXWELD SUPPLIES 


are trade-marks of Units of Union Carbide and Carbon Corporatiol 
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THE AMERICAN WELDING SOCIETY 


WENTY-two years ago the AMERICAN WELDING 
TT socrery was organized by a small group of men 

who appreciated the advantages of cooperative 
action in the solution of welding problems, in increasing 
the knowledge of welding and extending its applications. 
From these small beginnings the AMERICAN WELDING 
Society has grown steadily until it is now recognized as 
the leading scientific organization in the world devoted 
to the interests of welding. The Society is an organiza- 
tion of individuals and of various companies and corpora- 
tions interested in welding by any process, either as users 
concerned with the efficient application of the art or as 
manufacturers of welding equipment and supplies in- 
terested in its acceptance. 


THE WELDING INDUSTRY 


The growth of the Society parallels the growth of the 
welding industry itself. Twenty-two years ago welding 
was considered in the light of a useful tool of repair. 
Today it is considered the greatest production tool of 
modern times. 

Welding is now the standard method of joining metal 
parts in manufacturing, construction, production and 
maintenance work. Applications range from the weld- 
ing of small articles, such as watch stems, to the largest 
metal fabricated structures—ships, locomotives, pipe 
lines, buildings, bridges, aircraft structures, pressure ves- 
sels and machinery of all kinds. 


THE PLACE OF AN ENGINEERING SOCIETY 


The development of the science and art of any branch 
of engineering involves the work of individuals and of 
associations, both professional and industrial. The allo- 
cation of credit to the several individuals or associations 
involved, is absolutely impossible in the quantitative 
sense, but there can be no doubt as to the very important 
part played by the Engineering Societies which render a 
service not rendered by any other type of organization. 
The benefits of this service accrue directly or indirectly 
to every individual and to every corporation connected 
with the corresponding industry. In a broader sense 
these benefits accrue also to the nation asa whole. For 


example, any increase in knowledge which makes possible 
the application of welding in a new field or makes appli- 
cations in older fields safer as well as more efficient, means 
more business for both the manufacturer of welding 
equipment and the manufacturer who uses such equip- 
ment, economies for the users of the welded products, 
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more demand for electric power, safer risks for insurance 
companies and more opportunities for employment, not 
only of welding operators, but also of welding engineers 
and many others who either are or should be members of 
the AMERICAN WELDING Society. 


OPPORTUNITIES FOR COOPERATION IN 
THE WELDING INDUSTRY 


With the complexity of modern industry it is necessary 
for people working in the same field to get together, as 
progress can be made best through such cooperative 
effort rather than by individual genius. 


ADVANTAGES TO BE GAINED THROUGH 
MEMBERSHIP IN THE SOCIETY 


The AMERICAN WELDING Society offers (1) An oppor 
tunity for personal association with the leaders of the 
industry and exchange of information and ideas. (2) 
Means to keep informed on the latest developments in 
the welding field. (3) Opportunity to assist through 
cooperative effort in increasing the knowledge of welding 
and extending its applications. (4) Assistance in the 
development and use of codes and standards. (5) An 
opportunity through cooperative action to secure ma 
terial benefits at a minimum cost. 


SCOPE OF SOCIETY ACTIVITIES 


Some of the aims of the Society may be briefly sum 
marized as follows: 

1. To collect and make available authentic and up 
to-date information on welding and cutting, and to be 
recognized as the authoritative source of such informa- 
tion by manufacturers in the welding field, users of the 
process, engineering societies and legislative bodies. 

2. To provide a means for the interchange of knowl- 

edge and experience to aid in the solution of the problems 
of the welding art-—technical, ethical and commercial 
through cooperative effort. 
3. To be the agent of the industry in cooperative re 
search on important technical problems, and to serve as a 
common spokesman of the industry in matters pertaining 
to its welfare. 

4. To provide opportunities for social intercourse, and 
thus to promote a better understanding among manufas 
turers, users and scientists in the welding field, and to 
foster a spirit of cooperation for the common good. 
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5. To encourage the development of welding through 
improvements in present applications and expansion of 
its uses into new fields, and to develop technical and 
ethical standards for the welding industry. 


RESEARCH 


Fortunately for the welding industry and for the 
AMERICAN WELDING Society research has always played 
an important part in the Society activities. Asa matter 
of fact, the Society owes its very origin to the research 
work conducted by the Welding Committee of the Emer- 
gency Fleet Corporation. This research work was form- 
erly conducted in a cooperative way by the AMERICAN 
WELDING Society through its research board, known as 
the American Bureau of Welding. More recently it is 
conducted through the Welding Research Committee 
which is affiliated also with Engineering Foundation and 
not only has the sponsorship of the AMERICAN WELDING 
Society but, also, of the American Institute of Electrical 
Engineers. Moreover, it enjoys the cooperation of many 
other engineering bodies. 

Continuous’ research work has been carried on by 
individuals and private corporations. This research 
work has made possible the remarkable advance in weld- 
ing in a technical way so that we may now have a welded 
joint whose integrity need not be questioned and whose 
strength as determined by physical tests, static and dy- 
namic, is equal to or surpasses the base material which it 
joins. Research work has been carried on extensively 
in our leading universities so that young engineers have 
familiarized themselves with welding, thus carrying out 
one of the important educational activities of the So- 
ciety. The supplement to this issue of the JouRNAL con- 
tains a complete Annual Report of the Welding Research 
Committee. 

Reports of all research activities are made available to 
the members of the AMERICAN WELDING Society through 
publication in the JouRNAL of the Society. 


PUBLICATIONS 


The JOURNAL is the official publication of the AMERI- 
CAN WELDING Society. It has also been accepted as the 
official organ of the Welding Research Committee of 
Engineering Foundation. It is necessary for all those 
interested in welding to read it to keep abreast of the 
latest information on welding and to have available the 
latest codes, standards and specifications on all phases of 
welding. 

Not only does the JouRNAL carry, usually first among 
publications, all of the technical welding information 
available, but also a large proportion of its content con- 
sists of interestingly written practical articles of popular 
appeal. It carries departmentals and articles on ‘‘So- 
ciety Activities,’’ “‘News Items,’ “Current Welding 
Literature,’ ‘“‘New Products,’”’ “How to Weld It,” 
“Welding Abroad,”’ ‘‘Safety Kinks,” Surveys,”’ 
“Communications” and ‘‘Positions Available.”’ 

The JOURNAL is published monthly and distributed to 
all members of the Society without further charge. 

All of the important papers presented before the So- 
ciety and National and Section meetings are published 
regularly. Each year a Subject and Authors’ Index is 
prepared. 

The various issues of the JoURNAL for a single year con- 
tain a veritable encyclopedia of up-to-date information 
on welding. 

The Society also publishes a Membership Directory 
giving the names and addresses of all members. 
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THE WELDING JOURNAL 


NATIONAL AND SECTION MEETINGS 


It is a human trait of civilized people to get together 
and exchange experiences and through such exchange ty 
be mutually helpful in the furtherance of some important 
needed activity. The rapid growth of the welding proc. 
esses in such a short space of time has been made possible 
only through the most liberal exchange of information by 
every one identified with the welding industry. Papers 
presented before Section meetings, National meetings or 
published in the technical press are common ways oj 
bringing about this exchange of knowledge. There are 
at present some forty Sections of the Society in important 
cities throughout the country. Most of these hold 
monthly meetings in season. 

The Annual Meeting is held in the fall in connection 
with the National Metal Congress and Exposition at 
which the latest developments in welding equipment, ma- 
terials and applications are exhibited and demonstrated. 

One new idea derived from discussion at these meetings 
may be worth the cost of membership for several years, 


EDUCATIONAL EFFORTS 


In bringing about an appreciation of the value and 
benefits of welding and the correct applications thereoj 
involves education in many forms. The educational 
work of the Society is also conducted in a variety of 
ways, among which may be mentioned the Section and 
National meetings referred to above, THE WELDIN¢ 
JOURNAL, and, particularly, lecture courses organized by 
many of the Sections for this specific purpose. The Weld- 
ing Handbook of the AMERICAN WELDING SOCIETY is 
another useful medium. In previous years manuals 
served a similar purpose. 


WELDING HANDBOOK 


The AMERICAN WELDING Society issued in 1935 a 
comprehensive Handbook of more than 1200 pages de- 
voted to every phase of welding prepared by some 9) 
authors and reviewed by 237 other experts. It represents 
a cross section of experience and knowledge of the leading 
welding talent in this country. The book was made 
available free to members in the Sustaining Member and 
Member grades and at a special reduced price of $4.00 
to the other grades. The price of the book to non- 
members was $6.00 in the United States and $6.50 else- 
where. The supply of the First Edition of the Welding 
Handbook is exhausted. A new edition is in preparation 
and should be available late in 1941. 

The first edition of the Welding Handbook of the 
AMERICAN WELDING Society, was prepared by the 
Society for the metal industries in response to a demand 
for practical up-to-date information, in cencise form, on 
the subject of welding. In order to best serve its purpose 
the volume covered, first, the fundamentals of the various 
processes, second, the materials used and the testing 
methods involved, and third, the applications thereof. 
The above treatment of the broad subject of welding is 
supplemented by ample data on metal cutting and a 
number of processes allied to welding and cutting. 


CODES AND SPECIFICATIONS 


The AMERICAN WELDING Society is recognized as the 
authoritative spokesman in this country in the matter o! 
welding codes. In many instances these codes are issued 
in the name of the AMERICAN WELDING Society and are 
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known as AMERICAN WELDING Society Codes on Weld- 
ing. In other instances it has appeared to the Board of 
Directors and Executive Committee advisable to co- 
operate with other engineering societies and legislative 
bodies in the issuance of codes relating to welding. In 
such instances, it has not always been advisable for the 
Society to claim undue credit in connection with these 
codes. However, in all cases the aim of the Society has 
been to promote the knowledge of welding and extend its 
applications with safety and at the same time prevent 
unjust restrictions being placed on the use of welding. 

Codes in general are not permanent unchangeable 
documents. In welding, particularly, advancement is 
fairly rapid, and it is therefore necessary to keep these 
codes up to date by frequent revision. 

The following are some of the more important codes 
and specifications issued by the Society: Code for Fusion 
Welding and Gas Cutting in Building Construction; 
Standard Qualification Procedure; Specifications for 
Welded Highway and Railway Bridges; Code for Fusion 
Welding and Gas Cutting in Machinery Construction; 
Tentative Standard Methods for Mechanical Testing 
of Welds; Marine Code for Welding and Gas Cutting — 
Part D, Rules for the Fusion Welding of Hulls and Hull 
Parts; Recommended Procedure to Be Followed in 
Preparing for Welding or Cutting Certain Types of 
Containers Which Have Held Combustibles; Tentative 
Rules for Field Welding of Storage Tanks; Welding 
Symbols and Instructions for Their Use; Rules for 
Fusion Welding Steam, Oil or Air Piping in Marine 
Construction. 

A number of codes have been issued jointly with other 
societies, including Rules for Welding of Gravity Tanks, 
Tank Risers and Towers, and Tentative Specifications 
for Iron and Steel Arc Welding Electrodes. The So- 
ciety has also taken a prominent part in the preparation 
of other codes, including the A. S. A. Code for Pressure 
Piping and the A. S. M. E. Codes for Power Boilers and 
Unfired Pressure Vessels. 

In addition to these, there are a number of codes in 
preparation. 

Members of the Society, therefore, have a voice in 
forming the codes under which they work—an advantage 
which is not to be overlooked. 


STANDARDS 


The Society has long realized the value of specifications 
and standards. For example, in the early days of the 
industry a wide variety of nomenclature and definitions 
was in vogue. Now, however, by means of standard 
symbols evolved by the Society, draftsmen are able to 
specify clearly the type, location and size of welding to 
be used, thereby eliminating confusion and expense. 
Other standards developed by the Society include stand- 
ard tests for welds, standards for arc-welding and resis- 
tance-welding apparatus, specifications for welding wire 
and gages for measuring dimensions of welds. 

The rapid growth of welding within the past few years 
may well be due to the maintenance of quality standards 
and procedure specifications which have eliminated doubt 
as to quality of workmanship, and brought industry in 
general to look upon welding with greater confidence. 


MEMBERSHIP CERTIFICATE 


_ Each member* of the Society is privileged to display, 
in office or shop, the certificate. The certificate states 


* Except operating and student members. 


1940 AMERICAN WELDING SOCIETY ACTIVITIES 


that the individual or company is a member of the 
AMERICAN WELDING SOCIETY—an organization devoted 
to the advancement of the science and art of welding. 


HEADQUARTERS 


The Society has its headquarters in the Engineering 
Societies Building, 25-33 West 39th Street, New York. 
This is also the headquarters of the major engineering 
societies of the country. 


CLASSES OF MEMBERSHIP 


Sustaining Members.—A Sustaining Member shall be 
an individual delegated by a corporation, firm or part- 
nership interested in the science and art of welding, with 
full rights of membership. 


Members.—A Member shall be an individual not less 
than 23 years of age who shall have been for at least three 
years engaged in work having a direct bearing on the art 
and science of welding and shall have made some contri- 
bution to the science and art of welding with full rights of 
membership. Corporate members in good standing of 
any major engineering society are eligible. 


Associate Members.—-An Associate Member shall be an 
individual interested in the science and art of welding 
with rights to vote but not to hold office except in Sec- 
tions as may be provided for by the By-Laws of the 
Section. 


Operating Members.—An operating member shall be 
an individual who, by occupation, is an operator of weld- 
ing or cutting equipment, without the right to vote or 
to hold office excepting in the Section as may be provided 
for by the By-Laws of the Section. Beginning October 
1, 1938, no Operating Member may continue in this 
status for more than a total period of 2 years (consecu- 
tive or otherwise). At the end of the two year period, 
the Operating Member shall automatically be moved up 
to the “‘Associate’’ grade. 

Resident Operating Members are those residing in the 
United States, Canada or Mexico. Foreign Operating 
Members are those outside of the United States, Canada 
or Mexico. 


Annual dues, United States and Canada.... $5 00 


Honorary Members.—-An Honorary Member shall be an 
individual with full rights of membership. Honorary 
Members shall be persons of acknowledged eminence 
in the welding profession, or who may be accredited with 
exceptional accomplishments in the development of the 
welding art upon whom the AMERICAN WELDING SOCIETY 
may see fit to confer an honorary distinction. 

Student Members.—A Student Member shall be an 
individual who is actually in attendance at a recognized 
college or university, taking a course leading to a degree, 
without the right to vote or to hold office excepting in 
Section as may be provided for by the By-Laws of the 
Section. At the termination of fiscal year of status as a 
student, affiliation as “Student Member”’ shall cease 
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CLASSIFICATION OF MEMBERS INTERESTED 
IN AMERICAN WELDING SOCIETY 


1. Engineers interested in metals, their fabrication, 
maintenance of plant equipment, or designers who 
must specify materials, sizes and must know unit 
strengths of various types of joints for various appli- 
cations. 

2. Production men concerned with lowering costs, im- 
provement of products or speeding up time sched- 
ules. 

3. Purchasing agents interested in the purchase of the 
best materials with due consideration to cost and 
other factors. 

4. Draftsmen who need to know the latest symbols, 
types of welding and methods which are applicable 
to their work. 

5. Presidents of companies concerned with broad eco- 
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nomic and technical developments which may affect 
the operations of their companies. 

6. Foremen and welders concerned with the best pro. 

cedures, methods, techniques and latest develop- 

ments in the art of welding. 

Professors and students who desire fundamental 

training and knowledge in engineering principles 

and recent developments in welding which may af. 
fect design construction or production operations. 

8. Research men desiring to keep abreast of the latest 
developments in science, metallurgy and other prac- 
tical applications. 

9. Inspectors whose duty it is to see that proper weld- 
ing procedures are followed by qualified welders and 
in accordance with specifications. 

10. Contractors interested in having accurate knowl- 
edge as to lowering costs of construction, safety 
best materials and procedures and information as to 
codes, standards and specifications. 


~ 


YEAR ENDING SEPTEMBER 30, 1940 


OLLOWING the suggestion of the Membership 
F committee, the general office at New York made 

arrangements to insert a friendly printed notice in 
the last issue of the JouRNAL sent to members who are 
delinquent, reminding the member that he is receiving 
his last issue unless his dues are paid. This procedure 
was commenced with the December issue and has proved 
an excellent means of effecting payment of dues. 

Many individuals not members of the Society attended 
our last Annual Meeting. In the belief that they were 
logically potential members, a prospect list was prepared 
from the registration lists, the cards were arranged 
geographically and distributed among the Sections for 
follow-up. This resulted in the acquisition of a number 
of new members. 

The Membership Committee was reminded in January 
of the efficacy of the Member-for-Member Drive, and 
was informed that the Committee’s efforts to secure pay- 
ment of delinquent dues would be supplemented that 
month—and thereafter—by the reminder notice in the 
JOURNAL. 

The Sections have been notified at regular intervals 
(usually sometime between the 15th and 20th of the 
month) of delinquencies, and Section Secretaries have 
been written individual letters regarding protracted de- 
linquencies. 

During the 1939-40 Season, three new Sections were 
formed: 

The Lake Shore Section with headquarters at Manito- 
woc, Wisconsin, organized February 26th, when perma- 
nent officers were installed. The Section started off with 
a membership of 28. 

The Northern New Jersey Section, with headquarters 
in Newark, held its organization meeting on March 14th. 
This Section will service those too far away from the 
Metropolitan Section to attend its meetings and educa- 
tional courses. 
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The Canal Zone Section, embracing the Panama Cana! 
territory. This is the newest of the Sections, having 
been organized August 14, 1940. 

Unfortunately, because of the completion of the Gov- 
ernment project in Fort Peck, Montana, welding interest 
there has waned to the extent that it has been neces- 
sary to disband the Montana Section. Because of their 
inactivity at the present time it has been found neces- 
sary also to disband the Section in Memphis, though 
there is hope of reviving interest there at some future 
time. 

Consideration is being given to inactivity in several of 
the other Sections but it is too soon to predict the out- 
come of our investigations. 

While interest continues in the districts around Louis- 
ville, Toledo, Kentucky, Erie, Pennsylvania and Grand 
Rapids, and membership letters have been addressed 
prospects in these localities, there are not yet enough A, 
B and C members for the formation of Sections. 

Statements showing gain in membership over the year 
is attached. 


Membership Status as of October 1, 1940 


A B D E F Total 
Total Membership, 


October 1, 1939.... 87 1146 1563 860 2 35 3603 
Increase during year... 8 268 537 542 25 1380 


95 1414 2100 1402 2 60 5075 


Decrease during year. . 12 184 274 237 .. 2 729 
Total Membership, 
October 1, 1940.... 83 1230 1826 1165 2 38 434 
Net changes during a 
S4 263 305 3 651 
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Growth of Membership 


Annual Meeting A B te D E F Total 
1919 62 116 13 25 1 217 
1920 83 35 25 97 1 341 
1921 81 192 45 25 1 574 
1922 50 81 595 
1923 50 193 121 317 3 684 
1924 51 203 153 299 3 709 
1925 51 237 219 303 3 813 
1926 3 .. 845 
1927 51 310 262 226 3 2 854 
1928 47 343 299 210 3 11 913 
1929 47 378 360 207 3 21 1016 
1930 44 498 476 279 3 438 «1343 
1931 40 443 615 273 3 650 1424 
1932 33 403 639 257 2 40 1374 
1933 21 350 613 261 2 37 1284 
1934 20 345 692 273 2 48 #1375 
1935 24 348 892 300 2 48 1614 
1936 29 362 956 367 2 50 1766 
1937 76 547 1175 536 1 «43 «2378 
1938 1586 786 l 90 3538 
1939 87 1146 1563 860 2 35 3693 
1940 83 1230 1826 1165 2 38 4344 


Society Membership, October 1, 1940 


A B _ D E F Total 
Birmingham ] 14 23 15 53 
Boston 2 39 65 62 168 
Canada 26 23 Is | 68 
Canal Zone l 22 3) 32 
Canton 2 3 9 3 17 
Chattanooga ] 2 29 1 l 34 
Chicago bad 93 83 85 2 27 
Cincinnati 20 44 26 | 9] 


Cleveland 8 52 108 
Colorado 3 6 17 
Columbus 1 17 21 2 4 55 
Connecticut 4 17 21 = 1 | 
Detroit 2 33 59 20 114 
Georgia 8 20 7 35 
Hawaii 16 18 6 40 
Indiana 2 11 21 16 i) 
Kansas City.. 27 48 14 l 90 
Lake Shore 1 14 13 3 31 
Los Angeles 2 40 87 53 2 Is4 
Lousiana 2 bas 12 6 28 
Maryland l 16 25 15 57 
Milwaukee 2 20 ae) 24 | 106 
New York 11 134 140 ] i75 
Northern N. J. 29 52 78 159 
Northern N. Y 12 38 32 R2 
Northwest 36 29 36 101 
Oklahoma City 12 24 17 14 67 
Omaha 4 10 14 
Peoria 10 3 40 S4 
Philadelphia 11 61 97 36 | 2 08 
Pittsburgh 8 69 58 19 14 
Puget Sound 23 15 7 45 
Quad-Cities 7 6 3 16 
Rochester 16 29 6 101 
St. Louis 23 35 8 66 
San Francisco 2 32 48 44 126 
San Joaquin ‘ 2 10 18 30 
Society 2 114 13 74 328 
South Texas l 3 36 >} Q7 
Tulsa 28 16 40 2 86 
Washington 1 30 93 5 129 
Western N. Y 23 27 10 60 
Wichita 7 17 24 18 
York-Central Pa 5 13 39 47 104 
Youngstown 3 26 26 22 77 
83 1230 1826 1165 2 64544 


REPORT ACTIVITIES MEETINGS 


and PAPERS COMMITTEE 


HE Meetings and Papers Committee has under its 
general jurisdiction (1) the publication of Tuer 
WELDING JOURNAL, and (2) the Technical Program 

of the Annual Meeting. Quite a number of improve- 
ments were recently made in the JOURNAL. The news 
items relating to the welding industry have been ma- 
terially increased and so positioned in the JoURNAL as 
to allow every advertisement in the JoURNAL to have 
some reading matter next to it, thus making every ad- 
vertisement preferred space. This step has assisted in 
securing additional advertising. The JouRNAL has 
received worldwide praise and it is believed that the 
instructive and interesting articles published make the 
JourNAL compare favorably with other technical papers. 
The Research Supplement of THE WELDING JOURNAL 
and the monthly bulletins of the Welding Research Com- 
mittee continue to be one of the greatest assets to the 
JourNnaL. This material is a chronicle of the progress of 
systematic and organized research which is of benefit to 
the entire industry. The critical digests of literature in 
the opinion of the experts all over the world, make the 
JOURNAL a unique source of information which it would be 
impossible to obtain from any other source. The total 
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number of pages published for the year ending September 
1940 was 1472, which is a slight increase over the amount 
published last year—1316. 

The principal activity of the Program Committee con- 
sists of arrangements for the Annual Meeting. When 
called upon it also assists in the preparation of programs 
for district and sectional meetings. This year some 52 
papers were presented at 15 technical sessions. The 
program was by far the most outstanding in the history of 
the AMERICAN WELDING Society. A registered atten 
dance of 1862 broke all previous records. 

During the year, the Meetings and Papers Committee 
sent out a questionnaire to the entire membership solicit 
ing opinions of the membership in regard to the type of 
papers which should be published. The results of this 
questionnaire serve as a guide to both the Subcommittee | 
on Publications and the Subcommittee on Program. 


RULES OF PROCEDURE PUBLICATION OF JOURNAL 


The Society shall publish and distribute free of 
charge to its members a monthly publication to be 
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known as the JOURNAL OF THE AMERICAN WELDING 
SOCIETY, or in abbreviated form, THE WELDING JOURNAL. 

The JOURNAL may include editorials, news items, tech- 
nical reports and papers, employment service bulletin, 
bibliography of current welding literature, advertising 
and other items arranged, from time to time, by the 
Publications Committee. All papers presented at Section 
and National meetings shall be the property of the 
AMERICAN WELDING Society. All Sections and the 
National Program Committee are requested to send 
copies of all papers presented at monthly Section meet- 
ings or National meetings promptly to the Editor of the 
JOURNAL. 

Reports of the Welding Research Committee, technical 
and other committees of the Society selected for publica- 
tion shall be published in the JouRNAL. Such reports, 
however, shall receive the necessary approval of the 
Welding Research Committee and/or the AMERICAN 
WELDING Society before being released for publication. 
Any member of the AMERICAN WELDING Socrety and 
others interested in welding shall have the privilege of 
writing technical papers and submitting them for con- 
sideration of the Publications Committee. Papers se- 
lected for publication shall be published at the earliest 
convenient time in the JouRNAL. Authors submitting 
papers for publication in the JOURNAL shall not submit 
them to other publications unless this is clearly indicated 
in the accompanying letter of transmittal. 

The Editor shall advise within twenty days after re- 
ceipt of papers whether or not they will be published in 
the JOURNAL. Failure of such notification will allow the 
author the privilege of submitting the paper to other 
publications. 

Papers presented before National meetings, Sections of 
the Society, committee reports and papers dealing with 
results of research investigation, details as to technique 
and kindred papers will be favored as to time and space. 

Papers presented before joint meetings with other 
societies shall be treated as special cases and the rights 
of cooperating organizations shall be fully recognized. 

The immediate supervision of the work in handling of 
publication details shall rest in the hands of an Editor 
who shall, however, at all times be responsible to the 
Publications Committee. In case of doubt as to policy 


in regard to editorials, advertising and technical papers, 
the Editor shall call upon the Publications Committee, 
except that in the case of disagreement, it will be referreg 
to the Executive Committee of the Society. 

The Editor shall delete all advertising from papers 
and an author may not bring in the name of his company 
more than once in an article and preferably not at all, 
The title and connection of the author of any paper may 
be indicated by suitable footnote. All trade names not 
generally accepted by the Nomenclature Committee may 
be deleted at the option of the Editor. The author or his 
company may, however, use the advertising space in a 
particular issue in which his article appears to bring out 
advertising points, subject, however, to the general re. 
quirements for advertising matter. 

Papers dealing with comparisons relating to competi- 
tive processes when originating with a manufacturer of 
equipment shall not be accepted for publication. When 
such papers originate with “users” they may be accepted 
if advancing the general aims and objectives of the So- 
ciety. 

The AMERICAN WELDING SOCIETY is primarily con- 
cerned with welding, cutting and allied processes. _Inas- 
much as there are other organizations and publications 
which cover other fields, articles shall in general deal 
with welding and cutting matters or their closely allied 
processes. Articles dealing with the use of welding and 
or cutting equipment for other purposes than that indi- 
cated above shall in general not be published in the 
JOURNAL. 

Each author may receive up to six copies of the Jour- 
NAL in which his article appears without charge. 

The Publications Committee may not incur any ex- 
pense in connection with the publication unless provided 
for in the annual budget or by the Executive Committee. 
The Editor of the JouRNAL ghall be required to manage 
publication costs in such a way that the total for the year 
shall not vary more than 5% from the allotted budget. 
Modifications in the budget and other special arrange- 
ments may be made upon approval of the Finance and 
Executive Committees. The Editor shall be permitted 
to solicit cooperation from individuals, companies, com- 
mittees and associations in defraying costs of cuts, draw- 
ings or extraordinary printing expenses. 


FINANCIAL REPORT 


November 11, 1940 
Miss M. M. Kelly 
American Welding Society 
33 West 39th Street 
New York, N. Y. 


Dear Miss Kelly: 


We are presenting herewith the results of the audit of the books 
and records of the AMERICAN WELDING Socrery for the fiscal year 
ended September 30, 1940, including the following Exhibits and 
Schedules: 


Exuusir “‘A’’—Comparative Statements of Assets and Liabilities 
as at September 30, 1940, and September 30, 1939. 

ScHEDULE “‘A’’-1—Reconciliation of Net Worth for the Fiscal 
Year ended September 30, 1940. 

Exurstr ““B’’—Statement of Income and Expense for the Fiscal 
Year ended September 30, 1940. 

‘“C’’—Comparative consolidated Statement of Re- 
sources as at September 30, 1940, and September 30, 1939. 


For the most part these statements will be found to be self- 
explanatory. Exhibit “B’’ herewith, Statement of Income and 
Expense, shows a net income of $10,236.16, above all expenses and 
above $846 added to the Permanent Reserve Fund. This con- 
stitutes by a very wide margin the best net income experienced by 
the Society in the five (5) years audited by our office. 

It is desired, however, to call your specific attention to the effect 
of the change-over to a single expiration date for membership dues 
Hitherto, all of the accounts, with the exception of membership 
dues, were carried on the accrual basis, that is, liabilities were re- 
corded as incurred and advertising and miscellaneous income was 
included as earned. Dues were on the cash basis, and were taken 
into income account only as collected. 

With the change-over to a single expiration date for membership 
dues, it transpired that the first billing under the new method took 
place at the close of August 1940, resulting in cash collections during 
September of $12,000. Had the former method of accounting 
been continued this extraordinary collection, actually constituting 
a payment in advance, would have appeared as Income in the 
year just ended. The net income would have been stated at 
a figure out of all proportion to the fact and the ensuing year 


would have suffered thereby. It therefore became necessary (0 
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adopt the accrual method of reporting membership dues as well,so procedure. The net worth of the Society would not have per- 
that, hereafter, dues income will be correctly and conservatively mitted so radical a change in bookkeeping methods. The more 


included in income account as earned. conservative view-point contained in this last financial statement 

It follows, since previous statements did not take into account is an extremely desirable position to attain. The excellent result 
the unearned portion of dues collected, that a change-over to the of operations during this past year made possible the change-over 
accrual basis would and did effect a mark-down inthe Net Worth at this time. 


yutation. For example, the dues paid by members in June 


It will be noted from Exhibit which constitutes a compara 
been taken into income in full, for the fiscal year ended Sep- 


), 1940, th I hirds (7/;) of } tive statement of the consolidated resources of the Society that the 
nber 30, though two-thirds (*/;) of each payment was resources as at September 30, 1940, which includes, with special 


actu ally paid in advance for an eight (8) month period which was funds. the revised Net Worth of $5,455.53. aggregates a sum of 
part of the new fiscal year. Similarly all payments of dues 15097875. One year ago, on September 30 1939. the total 
received in the past fiscal year, except those covering member- resources of the Society aggregated $15,417.40 but this total in 
ship years expiring on September 30, 1940, contained varying cided a Net Worth of $10,749 20 which did not take into account 
amounts of prepayment. Actual computation showed an aggre- the reduction for unearned dues income 

gate prepayment total on September 30, 1940, of $14,580.41. | 
Schedule “‘A’’-1, herewith, reconciles the Net Worth as at Septem- 
ber 30, 1940, of $5,455.53 with that shown one year ago in the 
amount of $10,749.20 and includes the aforementioned adjustment 
of $14,580.41. 

We should like to call to your attention the fact that, to this date, Davin JOSEPH 

it had been impossible to accomplish this revision in accounting Davip Josern & COMPANY 


Very truly yours, 


AMERICAN WELDING SOCIETY COMPARATIVE STATEMENT OF ASSETS AND LIABILITIES 
SEPTEMBER 30, 1940 AND 1939 


“A” 


1940 1939 
ASSETS 
Cash on Hand and in Bank.......... rey $21,292.95 $4,372.02 
Investment in Bonds—Market Value. 547 . 50 690.00 
Accounts Receivable 
Journal Advertising. . Paid $ 2,210.50 $1,470.00 
Supplements, Cuts and Journals. . vila 39.50 2,250.00 11.53 1,481.53 
Sales of Bulletins, Reprints, Emblems, etc... 274.91 187 .87 
Membership Dues 
Class ““B” 6,256.77 
“CO”. 7,231.89 
$15,737 .96 
Less: Refunds Payable to Sections Therefrom.... 2,696 .30 13,041.66 
Inventory of Bulletins and Printed Matter.......... 2,500.00 2,500.00 
Office Equipment (Cost $4,267.85) less ee. 1,612.99 1,792.49 
Annual Meeting Expenses—Paid in Advance........ 568 . 57 560.86 
Anniversary Payments to Sections—Paid in Advance. . 1,615.00 ; o2 
Cost of Journal Cuts Deferred............. 948.86 
TOTAL ASSETS .. $43,884.84 $12,700.81 
LIABILITIES 
Receipts Held in Suspense 422.23 63.90 
Refunds Due Sections on Paid Dues. . 2,128.51 481 63 
New York City Sales Tax Payable.... 6.10 1.64 
Contingent Fund Reserve. 69.25 
Unearned Dues Income Deferred— ‘Covering ye ar commencing 
October 1, 1940 (on paid and unpaid dues). 35,772.89 
TOTAL LIABILITIES.... 38,429.31 1,951.61 
Net Worrtu (Schedule ‘“‘A’’-1). $ 5,455.53 $10,749.20 


AMERICAN WELDING SOCIETY RECONCILIATION OF NET WORTH SEPTEMBER 30, 1940 


SCHEDULE “A’’-1 


Net WortH—OcrToser 1, 1939. $10,749.20 
App: 
Net Excess of Income Over Expenses for the Fiscal Year Ended September 30, 1940 (Exhibit B’’)...... $10,236.16 
Purchases of Office Equipment—Charged Off as Expenses during Year—Now Capitalized.............. 239.72 
Receipt of Funds from Disbanded Sections, Said Funds Being the Balance Remaining in the Sections’ 
Treasuries: 
Montana. . $87.82 


Memphis. 6.53 94.35 10,570. 23 
$21,319.43 
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Less: 


Provision for Contingent Fund Account for the Fiscal Year Ended September 30, 1939 (1% of the 
gross income of $72,276.62).. 


Decrease in Market Value of Investment in Bonds of St. Louis and San Francisco Ry Co. since October - 

Decrease in Net Worth Re se from the Change -Over i in the Records to Report the Dues on the Accrual 


14,580.41 15,863.90 


Net WortH—SEPTEMBER 1940 


AMERICAN WELDING SOCIETY STATEMENT OF INCOME AND EXPENSE 
YEAR ENDED SEPTEMBER 30, 1940 


EXHIBI1 


Year Ended 
September 30, 1940 


INCOME: 
Membership Dues....... $47,435.16 
2,398 .95 
Journal 655.8] 
Subscriptions and Sales of Journals. 6,105.82 
Bulletins and Printed Matter 1,402.09 
Sundry Salable Matter... 1,839 89 
Annual Meeting Income.... 2,484.59 


TOTAL INCOME... $84,600.71 


EXPENSES: 


Journal: 
Text Matter and Advertising Section...... 32,948.72 


Technical Activity—Codes, Standards and Specifications. 8,288 26 


Administration: 

Headquarters’ Salaries. . $6,753.43 
General Expense......... 386.93 
Stationery and Printing... . 451.24 
Telephone and 126.44 
Travel and Entertainme nt. 198.72 
Rent. 697 .96 
Ye sarbook Printing. 380.00 
Committee Expense 314.08 9,936.53 


Membership and Sections. . 
Annual Meeting. 
Section Refunds 


3,810.98 
5,388.44 
10,730.03 
Section Expense 918.57 
Welding Handbook...... 699 .00 
Purchase of Equipment. 239 .72 
Cost of Sundry Salable Matter.. ; 924.51 
Contingent Fund 


Miller Memorial Medal......... 300.00 
Llewellyn Honorary Award... 33.79 


TOTAL EXPENSES........ $74,364. 55 


AMERICAN WELDING SOCIETY COMPARATIVE CONSOLIDATED STATEMENT OF RESOURCES 
SEPTEMBER 30, 1940 AND 1939 


Exursit 


1940 1939 
$ 5,455.53 $10,749.20 


Net WorTH AS AT SEPTEMBER 30TH (PER Exursit ‘‘A’’) 
Miller Memorial Fund Account 


Beginning Balance........ $91,243.12 $ 710.84 
Receipts from Society... 300.00 600.00 
Bank Interest for Year. 27.03 17.28 


$1,570.15 $1,328. 12 


Ending Balance—Deposited with Union Dime Savings Bank............... Se 1,484.15 1,243.12 
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Welding Handbook Account 

Beginning Balance $1,025.39 349 68 

Handbook Receipts 111.38 8,537.74 

$1,136.77 $8,887. 42 

Handbook Disbursements... 2700.61 03 

Ending Balance—Deposited with Corn Exchange Bank 936.16 1.025 39 
Permanent Fund Reserve Account 

Beginning Balance........... $2,248.71 

Welding Handbook Receipts. . 3,223 32 $2 948 7] 

Receipts from Society 52 

Bank Interest for Year 88 24 

Ending Balance—Deposited with Emigrants Industrial Savings Bank 7,059.79 2 248.71 
Special Technical Activities Account 

Beginning Balance......... $ 150.98 € 400.00 

Disbursements during Year 7.86 949 (2 

Ending Balance—Deposited with Bankers Trust Co 143.12 150.98 
RESOURCES $15,078.75 $15,417.40 


TECHNICAL and SPECIAL COMMITTEES 


of the American Welding Society 


COMMITTEE ON BUILDING CODES 


PPOINTED January 9, 1928, to assist municipal 
A and state code committees and building depart- 

ments in preparation of suitable regulatory speci- 
fications for fusion welding in fabrication of structural 
steel, piping and tankage in building construction. It 
was intended that the committee issue recommendations 
for welding which have proved to be sound from an engi- 
neering standpoint and safe in practical application, and 
that it endeavor to have modified any unjust restrictions 
on welding and cutting which may now be imposed. In 
1930 it was decided that the committee’s activities also 
include the preparation of a Code for Resistance Welding 
in Building Construction. 

The Committee prepared and issued its first report in 
1928, entitled ‘‘Code for Fusion Welding and Gas Cutting 
in Building Construction, Part A—Structural Steel.” 
The Committee also compiled data on existing welded 
structures and cities which have adopted provisions for 
welding iu their building codes. These data were pub- 
lished in the January 1930 issue of the Socrety’s Jour- 
NAL. 

The work of this Committee in preparing revisions of 
the original code has continued virtually without inter 
ruption and succeeding editions were published in 1935 
and 1937. The Committee is now working on what is 
expected to be a completely revised and greatly en- 
larged edition, which is expected to be published early 
in 1941. 
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An important part of the work of this Committee has 
been to cooperate with individual cities and the various 
Sections of the Society in connection with municipal 
building codes. An example of this activity was the 
Committee’s cooperation with the Board of Standards 
and Appeals of New York City in formulating rules for 
fusion welding which were included in the new New 
York City Building Code. Asa result of this activity the 
provisions of our building code have now been adopted 
by more than 200 municipalities, including such larg: 
cities as New York, Chicago and Baltimore. 


CONFERENCE COMMITTEE ON WELDED BRIDGES 


Upon completion of its work in the preparation of the 
Specifications for the Design, Construction, Alteration 
and Repair of Highway and Railway Bridges by Fusior 
Welding, issued in April 1936, the original Committee on 
Welding Bridges was discharged. A new committee for 
the review and interpretation of the Specifications was 
authorized by the Executive Committee of the Socirery 
in order that proposals for the amplification of the Speci 
fications and questions arising in connection with it 
might be properly handled 

The new committee is made up of official representa 
tives of interested organizations and is called the Con 
ference Committtee on Welding Bridges and is devoting 
its activities to 

|) Clarifying points in the specifications which may 
be questioned as a result of practical application; and 
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(2) Securing the adoption of the A. W.S. bridge speci- 
fication by professional bodies throughout the country. 

The Specifications for Welded Highway and Railway 
Bridges has continued to find an expanding field of appli- 
cation. It has been approved by the American Railway 
Engineering Association and adopted in the American 
Association of State Highway Official’s Bridge Specifi- 
cations. 

As our Bridge Specification is applied to actual prac- 
tice the lessons of experience are carefully recorded for 
use as a basis of revision along the lines of conformity to 
field and shop requirements. The permanent committee 
has been charged with the duty of considering revisions, 
and issuing periodically successive editions of the spe- 
cification, which will embody progressive modifications 
and improvements. The first of these revised editions, 
incorporating the benefit of more than two years of 
practical application of the original specification, was 
published in 1938. 

During the past two years the Committee has been 
active in preparing another revision of the Specifications, 
which is expected to be approved by the Society and 
issued early in 1941. 


FILLER METAL SPECIFICATIONS COMMITTEE 


This Committee has devoted its recent activity to the 
revision of the Specification for Iron and Steel Filler 
Metal, which was adopted and published jointly by the 
A. S. T. M. and the Society in 1938. One of the objec- 
tives of this Committee was to issue separate specifica- 
tions for arc welding electrodes and gas welding rods. 
The first of these specifications, entitled ‘Tentative 
Specifications for Iron and Steel Arc Welding Elec- 
trodes,’’ was completed and approved by both societies 
during the past year. This Specification is now in 
printed form sponsored by both societies and will be tenta- 
tive for at least one year. A parallel specification to be 
entitled ‘‘Tentative Specifications for Iron and Steel Gas 
Welding Rods”’ is now being completed by a special com- 
mittee appointed for that purpose and is expected to be 
approved by both societies and issued early in 1941. 

The following Subcommittees have been appointed 
during the past year to prepare filler metal specifica- 
tions for the types of materials indicated: Subcommittee 
on High Alloy Steels; Subcommittee on Nickel and 
Nickel Alloys; Subcommittee on Aluminum and Alumi- 
num Alloys; Subcommittee on Copper and Copper Al- 
loys. 


COMMITTEE ON WELDING IN MARINE CONSTRUCTION 


Organized September 24, 1929, to prepare an ‘‘Ameri- 
can Welding Society Marine Code for Fusion Welding 
and Gas Cutting;’’ to report on any question regarding 
the use of Welding in Marine Construction that may be 
submitted to the Society; to submit a periodical state- 
ment on status of Welding in Marine Construction both 
at home and abroad; and to advise on the making of 
tests needed by the shipbuilding industry in case they 
are of a nature that might best be undertaken by an 
authoritative body, such as the Society. 

In July 1930 the Committee was enlarged to include 
two Subcommittees—one on Boilers and the other on 
Hulls. The various Subcommittees were authorized 
to act as conference committees to the Bureau of Naviga- 
tion and Steamboat Inspection of the U. S. Depart- 
ment of Commerce and assist that body in preparation 
of specifications for boilers, unfired pressure vessels, 
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piping, hull structures and on other matters coming 
under the cognizance of the various Subcommittees. 

The Code as outlined is subdivided as follows: 

Part (A) General Application 

(B) Rules for Fusion Welding of Drums and Shells 
of Marine Boilers and Pressure Vessels 

(C) Rules for the Repair of Marine Boilers and 
Pressure Vessels 

(D) Rules for the Fusion Welding of Hulls and 
Hull Parts 

(EZ) Rules for the Repair of Hulls by Fusion Weld- 
ing 

(F) Rules for Fusion Welding of Marine Piping 
Installations 

Part (B) has been completed and approved by the 
Main Committee and the Board of Directers of the So- 
ciety. These rules are based on rules prepared by the 
A. S. M. E. Boiler Code Committee in cooperation with 
the A. W. S. Committee on Welded Pressure Vessels. 
They have been accepted by the Bureau of Navigation 
and Steamboat Inspection of the U. S. Department of 
Commerce Committee and have been embodied in Ten- 
tative Marine Boiler Rules of this Bureau. 

The Boiler Subcommittee is undertaking the prepara- 
tion of Part (C) for which there is a pressing demand. 
Tentative Rules for Fusion Welding Steam, Oil or Air 
Piping in Marine Construction, formulated by this Sub- 
committee, appeared in the April 1938 issue of Tue 
WELDING JOURNAL. These rules apply to piping for 
working pressures in excess of 100 Ib. per sq. in. The 
purpose of their publication was to obtain the benefit of 
comments, criticisms and suggestions and they have 
since been adopted by the Society. 

Part (D) has been completed and published in the 
February 1935 JouRNAL of the Society. The new 
rules of the American Bureau of, Shipping relating to hull 
construction have been based on these rules. 

The Hull Subcommittee is undertaking the revision of 
Part (D) and the preparation of Part (£). 

A Subcommittee on Thermal Stresses and Shrinkage 
in Welded Ship Construction was organized in 1937 to 
conduct a study and prepare a report on the subject 
indicated by its title. This Subcommittee held several 
meetings and has completed a report which was ap- 
proved by the Main Committee and submitted to the 
Society for adoption. It is anticipated that the report 
will be approved and issued early in 1941. 

During the past year the Committee held a special 
meeting to consider the welding provisions of a tenta- 
tive draft of new rules for boilers, pressure vessels and 
piping being prepared by the Bureau of Marine Inspec- 
tion and Navigation. The recommendations agreed 
upon at the meeting were forwarded to the Bureau and 
were gratefully acknowledged. 


COMMITTEE ON SYMBOLS 


During the past year the Committee has prepared a 
revised report entitled “‘Welding Symbols and Instruc- 
tions for Their Use’’ which was approved by the So- 
CIETY and issued in October 1940. This bulletin is the 
latest revision of the report originally published in 1929 
and revised in February 1935 and September 1939. The 
Symbols themselves given in the latest edition are the 
same as those which have been used heretofore, but the 
method of using them has been improved and clarified. 

The AMERICAN WELDING Society’s Committee on 
Symbols is now identical in personnel with Subcom- 
mittee 1 of A. S. A. Sectional Committee Z-32. The 
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SocreTY has therefore recommended these Symbols to 
the American Standards Association for adoption and it 
is anticipated that they will shortly be adopted as Ameri- 
can Symbols. 


COMMITTEE ON DEFINITIONS AND CHART 


The Committee’s report on the revision of Tentative 
Definitions of Welding Terms and Master Chart of Weld- 
ing Processes has been approved and published during 
the past year. A questionnaire has been sent to mem- 
bers of the technical committee to determine what addi 
tional work should be done by the Definitions Committee 
to make the definitions more useful to them. The Com- 
mittee expects to revise its report on the basis of the sug- 
gestions received. 


COMMITTEE ON LARGE WELDED PIPE 
FOR HYDRAULIC PURPOSES 


The Committee has prepared a tentative draft of a 
code which comprises the general ground covered by the 
existing codes for unfired pressure vessels with the excep- 
tion of rules for special fittings such as stiffening rings, 
supports, reinforcings around openings, Y’s, Tees and 
such. These are left purposely in order to develop first 
the main body of the code, leaving treatment of specials, 
for a second stage. 

A first draft of the Code was formulated and submitted 
to members of the Committee and to a few leading manu- 
facturers for discussion and comment. Based on this 
discussion and comment a second draft has been drawn. 
Copies have been mimeographed and again distributed 
to the members of the Committee with a wider distribu- 
tion among members. Based on the comment and 
criticism received from this second review it should be 
possible to draft a definite tentative Code. It is hoped 
that this objective may be reached during the year. 


COMMITTEE ON STANDARD QUALIFICATION 
PROCEDURE 


The Committee worked toward the elimination of con- 
fusion by correlating varying qualification test require- 
ments and merging them into one uniform code, adequate 
to satisfactorily qualify welding operators working under 
any and all codes, and using any of the established fusion 
welding processes. It is the purpose of these qualifica- 
tion tests (1) to adequately determine the quality of a 
fusion welded joint by the specific process used and, this 
having been determined, (2) to test the ability of the 
welding operator to apply that process. After two years 
of the most intensive study in which all existing welding 
codes and specifications have been analyzed with a view 
to determining not only the purpose, but also the method 
involved in qualifying the operators, the Committee sub- 
mitted for the Soctety’s approval, a document which it 
believes gives promise of stabilizing and rendering prac- 
tical, this rather difficult element of qualifying both the 
process and the operator of fusion welding. These rules 
have been published as a supplement to the October 
1936 JOURNAL. 

During 1938 this Committee revised the AMERICAN 
WELDING Society's. ‘“Tentative Rules for the Qualifica- 
tion of Welding Processes and Testing of Welding Op- 
erators,’’ giving these rules the title of “Standard Quali- 
heation Procedure.’’ While there are many methods of 
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welding, some of which may not require a standard quali- 
fication procedure, it was felt by the Committee that the 
manual are and gas welding processes demanded immedi- 
ate attention. Therefore, the “Standard Qualification 
Procedure’ was reported upon as ‘‘Section 1—Manual 
Are and Gas Welding.”” This Standard Qualification 
Procedure was approved by the Board of Directors, and 
printed in pamphlet form by the Soctrry. 

During the past year the Committee has virtually 
completed its work on a revised edition of the Standard 
Qualification Procedure, which is expected to be ap 
proved by the Society and issued early in 1941. The 
principles of this new revision are now being incor 
pr rated in a number of revised codes and spec ifications, 
including the A. S. M. E. Boiler Code and Unfired 
Pressure Vessel Code, the A. S. A. Code for Pressure 
Piping, the A. P. I. Specifications on All-Welded Oil 
Storage Tanks, and the A. W. S. Specifications for 
Welded Highway and Railway Bridges. 

It is intended that the Committee, after completing 
its present work, will give consideration to the formula- 
tion of standard qualification procedures for automatic 
processes of welding and also for the high alloy 
and non-ferrous alloys. 


steels 


COMMITTEE ON STANDARD TESTS FOR WELDS 


The first draft of “Standard Methods for Mechanical 
Testing of Welds,” prepared in 1937, was distributed and 
discussed at the Annual Meeting of the AMERICAN WELD 
ING Society, in October of that year. A number of revi 
sions were agreed upon, and other matters were referred 
to a subcommittee for study. In June 1938, a revised 
draft was sent to the representatives of other Com- 
mittees for study, and a few minor modifications have 
been suggested. 

More important than the completion of these new 
“Standard Methods’ is the fact that, largely on the basis 
of the general agreement reached at these meetings, such 
changes have already been made in the weld-testing 
methods provided in other general specifications as to 
greatly reduce the undesirable variation. 

The proposed Standard Methods for Mechanical 
Testing of Welds were on January 18, 1940, approved 
by the Executive Committee of the Society for publica- 
tion as a tentative standard. In connection with the 
preparations of these methods the unnecessary deviations 
in methods of testing called for by the various specifica 
tions of the Society have, in general, been satisfactorily 
ironed out. 

Following this completion of the first phase of its work, 
the Committee was reorganized, and the reorganized 
Committee is waiting for criticisms of the tentative 
methods before undertaking further work 


COMMITTEE ON PRESSURE PIPING 


Appointed April 12, 1928, to prepare a welding code 
for pressure piping for all applications including some 
hydraulic, gas, air, oil and refrigeration. It was intended 
that the Committee's first activity should be the prepara 
tion of a draft of such code for submission to the Sub 
committee on Welding of A. S. A. Sectional Committee 
on Pressure Piping Codes by whose invitation the So 
CIETY undertook the formulation of a draft of suitable 
material for inclusion in the general codes being developed 
by the Sectional Committee. It was intended, however, 
that the Welding Code prepared by our Committe¢ 
should ultimately be issued as an A. W. S. standard 
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Final draft of Code as formulated by our Committee 
was formally presented at a public hearing at the 1933 
Spring Meeting of the A. W.S. The Code was then ap- 
proved by the Board of Directors at a meeting on April 
28, 1933, when the Chairman of the Committee was in- 
structed to formally transmit the Code to the A. S. A. 
Sectional Committee on Pressure Piping. 

The A. S. A. Code for Pressure Piping in its entirety 
was issued in July 1935 and contains in Section 5, Chap- 
ter 3, the approved Welding Code for Pressure Piping. 

The membership of this Committee is now identical 
with that of the A. 5. A. Sectional Committee on Code 
for Pressure Piping, Subcommittee No. 8, Sub-Group 
No. 4. 

During the past year the Committee has completed a 
revision of Chapter 4 on the welding of pipe joints for the 
A. S. A. Pressure Piping Code, which revision has been 
accepted by the Main Committee. 


A. W. S.-A. S. M. E. CONFERENCE COMMITTEE 


During the past year this Committee, which was origi- 
nally appointed in 1928, has been entirely revamped 
and the plan of cooperation with the Boiler Code Com 
mittee considerably revised. The original plan of co 
operation has been to assign to our Committee detailed 
problems in connection with fusion welding applications 
to boilers and pressure vessels, but as the art has pro 
gressed, the necessity for this has been less and less in 
evidence. During the past few years it has been shown 
that the welding and metallurgical engineers in the boiler 
and pressure vessel plants have been better able to make 
recommendations concerning practices and procedures 
than anyone else who might be selected from the So- 
cleTY membership. 

Accordingly it was recommended that our Committee 
be recast and its plan of activity so modified that it can 
be assigned to the development of important new weld- 
ing applications in the boiler and pressure vessel field 
and thereby obviate the necessity of handling such de- 
velopment activities by the personnel of the Boiler Code 
Committee itself. A well-qualified Committee personnel 
has been selected and the first problem assigned to it 
was one that was fundamental in character and promises 
to be of vital importance. This project has to do with 
the recognition of copper and its alloys for the construc- 
tion of welded pressure vessels, and a report on this im- 
portant subject is now in preparation by the Committee. 


MACHINERY CODE COMMITTEE 


This Committee was appointed on March 31, 1939, for 
the purpose of revising the Tentative Code for Fusion 
Welding and Flame Cutting in Machinery Construction, 
which had been prepared by an earlier committee of the 
same title and issued by the Socrety in March 1935. 

During the past year this Committee has reviewed the 
first draft of the new Tentative Code for Arc and Gas 
Welding and Gas Cutting in Machinery Construction, 
and has distributed a semi-final draft to all members of 
the Committee and other interested organizations and 
individuals for comment. It is anticipated that the 
Committee's final report will be submitted to the So- 
CIETY in the very near future. 


COMMITTEE ON RULES FOR FIELD WELDING OF 
STORAGE TANKS 


This Committee has been extremely active and, since 


its appointment on June 5, 1939, has formulated a stand- 
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ard entitled “Tentative Rules for Field Welding of 
Storage Tanks’ which was approved by the Executive 
Committee on April 4, 1940. These Rules were published 
shortly thereafter and have been incorporated practi. 
cally intact in the American Water Works Association's 
Tentative Specifications for Elevated Steel Water Tanks, 
Standpipes and Reservoirs. 

By a recent action of the Executive Committee all of 
the Socrety’s other Committees dealing with storage 
tanks have been consolidated into the one Committee on 
Rules for Field Welding of Storage Tanks. These other 
committees were formerly known as the Committee on 
Rules for the Welding of Gravity Tanks, Tank Risers 
and Towers; the Committee on Welding of Elevated 
Water Storage Tanks; and the A. P. I.-A. W. S. Con- 
ference Committee on Welded Oil Storage Tanks. As 
replacements for the latter committees there have been 
appointed a number of subcommittees to act as con 
ference committees with other organizations issuing 
tank specifications. Of these subcommittees the fol 
lowing have already been appointed: A. P. I.-A. W.§S 
Conference Committee on All-Welded Oil Storage 
Tanks; A. W. W. A.-A. W. S. Conference Committee on 
Elevated Steel Water Tanks, Standpipes & Reservoirs 
and A. R. E. A.-A. W. S. Conference Committee on 
Welded Storage Tanks and Elevated Tanks for Railway 
Service. 


COMMITTEE ON MINIMUM REQUIREMENTS OF 
INSTRUCTIONS FOR WELDING OPERATORS IN 
TRADE SCHOOLS 


This newly appointed Committee held its first meeting 
on April 5, 1940, which was preceded by a considerable 
amount of preliminary work achieved by discussions be 
tween the Chairman and indjvidual Committee mem 
bers. At the first meeting attention was centered on 
defining the scope, objectives, policies and procedures to 
be followed by the Committee in executing its assign 
ment. The Committee agreed that the scope of the 
minimum requirements which it would formulate would 
include the following items: 


(1) Qualifications of instructor. 

(2) Manipulative content of course and average num 
ber of hours required for mastery of this con- 
tent. 

(3) Related instruction of course and average num- 
ber of hours required for mastery of this con- 
tent. 

(4) Facilities and equipment of the school (mini- 
mum number of units and maximum number 
of student per unit at any one time). 

(5) Tests (minimum tests which the student should 
be required to pass upon completion of the 
course ). 


The first objectives which the Committee is now work 
ing on are: (1) to accumulate information by means of a 
questionnaire, concerning the welding courses now being 
given throughout the country, and (2) to begin at once 
to formulate minimum requirements for instruction in 
the fundamental elements of welding. The Committee 
has been requested to complete its report as promptly as 
possible, as a contribution to the National Preparedness 
Program. 


COMMITTEE ON SAFETY RECOMMENDATIONS 


During the year a Subcommittee was appointed to 
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“Tentative Recommendations Describing Procedure to 
Be Followed in Preparing for Welding or Cutting Certain 
Types of Containers Which Have Held Combustibles.”’ 
The Subcommittee has now completed its work and its 
report has been approved by the members of the Safety 
Committee. It is anticipated that this report will be 
approved by the Society and published before the end 
of this year. 


COMMITTEE ON NON-DESTRUCTIVE TESTS FOR WELDS 


This Committee was appointed during the past year 
for the purpose of preparing a report on methods of con- 
ducting non-destructive tests, paralleling the Society's 
present Standard Methods for Mechanical Testing of 
Welds. At the first meeting of this Committee, which 
was held during the Society's annual meeting, the fol- 
lowing Subcommittees were appointed: Subcommittee 
on Magnetic and Electrical Methods; Subcommittee on 
Sectioning Methods; Subcommittee on Radiographic 
Methods and Subcommittee on Other Methods. 


COMMITTEE ON GROUPING OF MATERIALS FOR 
PROCEDURE AND OPERATOR QUALIFICATION 


This Committee was appointed on November 14, 
1939, to prepare a table on grouping of materials ac 
cording to weldability, for incorporation in the report of 
the Committee on Standard Qualification Procedure. 
The Committee has held several meetings and has 
finally submitted its report to the Society, being pri- 
marily a table entitled ““Grouping of Materials for Pro- 
cedure and Operator Qualification.’’ This material will 
be published as part of the next edition of the Standard 
Qualification Procedure. 


COMMITTEE ON STANDARDS FOR FUSION WELDING 
HIGH ALLOY STEEL ENGINEERING STRUCTURES 


The personnel of the Committee was appointed on 
June 28, 1940. Because of the great number of members 
on the Committee, the Chairman appointed a small 
Subcommittee to do the preliminary organization work. 
This Subcommittee, known as the Steering Committee, 
held a meeting in Atlantic City on June 27, 1940, to dis- 
cuss the formulation of a program of work. It is antici- 
pated that a meeting of the entire Committee will be 
held at some time in the near future to consider the pro- 
gram outlined by the Steering Committee. 


COMMITTEE ON PREPARATION OF RECOMMENDED 
PRACTICES FOR INSPECTION OF WELDING 


This Committee was appointed by the Society on 
September 20, 1940, for the purpose of preparing a bulle- 
tin on inspection of welding to include the critical prac- 
ices and conditions to be observed in all types of welding 
and suggestions for observation to assure proper prac- 
tices and conditions in particular fields of welding for 
publication in the Welding Handbook and in pamphlet 
form. 

An organization meeting of this Committee was held 
during the recent annual meeting for the purpose of 
outlining the work to be undertaken. 


AMERICAN WELDING SOCIETY REPRESENTATION IN 
OTHER TECHNICAL BODIES 


Any report on the technical activities of the AMERICAN 
WELDING Society would be incomplete without refer- 
ence to its very extensive representation in other tech- 
nical bodies, which assures the mutual advantages of 
intimate collaboration, extending the influence and pres 
tige of our own organization, and obtaining for ourselves 
the benefits to be derived from worldwide research and 
experience. The status of such representation as it 
exists at this time is as follows: 


American Standards Association 

Committee A-10—Safety Code for Construction Work 

Our representative in collaboration with various in 
terests has prepared a section dealing with demolition of 
buildings with particular reference to oxyacetylene cut- 
ting. This representative is also covering the section on 
welding. Material relating to the oxyacetylene process 
in regard to safe practice has been issued by the Inter 
national Acetylene Association. Corresponding mate 
rial on are welding will be prepared. 


Committee A-57 
and Steel 


Building Code Requirements for Iron 


During the year 1939, Committee A-57 recommended 
favorably to the Correlating Committee of the A. S. A. 
the inclusion of references in its general Building Code to 
the two AMERICAN WELDING Society Codes, used in 
building construction, namely, Code 1, Part A, Code for 
Fusion Welding and Gas Cutting in Building Construc- 
tion; and Code 2, Code for Resistance Welding of 
Structural Steel in Building Constguction. 

With this action, any Code ultimately issued by the 
Correlating Committee will contain references to the two 
A. W. S. Codes mentioned above, thus facilitating the 
adoption of these Codes as standards by municipal, 
state and other regulatory bodies. 


Committee B-31—Code for Pressure Piping 


Completed drafts of revisions of various sections of this 
Code were turned over to the Subcommittee on Plan, 
Scope and Editing on May 1, 1940, to be incorporated in 
a revised draft of the entire Code. (See A. W. S. Com 
mittee on Code for Pressure Piping report.) 


Committee C-42——Definitions of Electrical Terms 


The work of this Committee is reaching the stage 
where it is hoped that during the coming winter it will 
be possible to issue as an American Standard the first 
edition of Definitions of Electrical Terms, covering over 
6000 terms. It is expected that this group will adopt 
the A. W. S. welding definitions in so far as they are ap 
plicable. 


Committee C-52—Electric Welding Apparatus 


This Committee has been reorganized under the spon- 
sorship of the AMERICAN WELDING Society for the pur 
pose of revising and bringing up-to-date the present 


standards for Electric Welding Apparatus and Resistance, 


Welding Apparatus. 

Copies of the present standards have been distributed 
to Committee members for study and comments and a 
Committee organization meeting was held on September 
20th. 


100 Volts and Under 


The personnel of the Sectional Committee for this proj 
ect is now practically complete and it is expected that 


Committee C-67—Preferred Voltages 


1940 COMMITTEES OF THE AMERICAN WELDING SOCIETY 917 


ord 


of 
. 
ive 
led 
x 
ns 4 
KS, 
of 
% 
ize 
on 
ler 
on 
CTS 
ed 
m- 
As 
en 
3 
ng 
ol 
S 
on 
rs: 
on 
ng 
m 
4 
on 
to 
he 
ad 
m- 
n- 
. 
er 
Id 
he 
k 
a a 
ng 
ce 
In 
SS 
_| 
4 


+ 


the work of the Committee will get under way in the near 
future. 


Committee Z-2—Code for Protection of Heads, Eyes and 
Respiratory Organs of Industrial Workers 


The Sectional Committee for this project completed 
a revision of the code which was approved by the A. S. A. 
late in 1938 as American Standard. 


Committee Z-5— Ventilation Code 


This Committee was recently reorganized, and the 
program of its activity has been outlined. It should be 
pointed out that the work of this Committee will be of 
great importance to the Society on account of the in- 
creasing claims of unhealthful conditions for welding op- 
erators as a result of fumes produced by the welding. 
The scope of the work will be broad enough to cover 
dust hazards and industrial ventilation, so that the 
question of fumes from welding operations will no doubt 
receive consideration. 


Committee Z-14—Drawings and Drafting Room Practice 


This committee has completed two American Stand- 
ards: one on Drawings and Drafting Room Practice 
Z14.1-1935 and one on Graphical Symbols—Z14.2-1935. 


Committee Z-28-—Work in Compressed Air 


The development of the proposed Safety Code for 
Work in Compressed Air has been held in abeyance, 
pending completion of tests and research on decompres- 
sion rates by the U. S. Navy Department and the U. S. 
Public Health Service. 


Committee Z-32—Graphical Symbols and Abbreviations for 
Use on Drawings 


The A. S. A. Sectional Committee on Graphical 
Symbols and Abbreviations for Use on Drawings has a 
number of Subcommittees at work on various assign- 
ments. 

The Subcommittee on Symbols for Welding is identical 
with the AMERICAN WELDING Society Symbols Com- 
mittee. The Society standard symbols have been 
submitted to the A. S. A. and it is hoped will be adopted 
as American Standards. 


American Society for Testing Materials 
Committee A-1—-Subcommittee X XI 


The AMERICAN WELDING Soctety, through its Com- 
mittee on Filler Metal Specifications, has cooperated 
with Subcommittee XXI in the preparation of filler 
metal specifications which have been sponsored jointly 
by the two societies. During the past year these com- 
mittees have issued a specification entitled ‘‘Tentative 
Specifications for Iron and Steel Arc Welding Elec- 
trodes."’ This Specification is serving as a pattern for 
other specifications now in preparation, including speci- 
fications for gas welding rods and filler metal of the 
high-alloy steels and non-ferrous alloys. 


Committee A-10 on Iron-Chromium, Iron-Chromium- 
Nickel and Related Alloys 


Upon the invitation of the A. S. T. M. the Board of Di- 
rectors at a meeting held on September 12, 1940, ap- 
pointed a representative of this Society to serve on the 
above Committee. 

Committee B-5—Subcommittee on Copper and Copper 

Alloys 

The Committee has been very active during the year 
working on specifications on (a) silicon copper sheets, 
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(b) leaded brass sheet and strip, (c) copper-nickel-zine. 
(d) copper-nickel and (e) copper tubes and pipes for 
various purposes. 


Association of American Railroads 


Committee on Fusion Welded Tank-Car Tanks 


This committee has not called upon the representa 
tives of the AMERICAN WELDING Soctety for any work 
during the past year. 

The specifications for fusion welded tank car tanks con- 
sidered by the Interstate Commerce Commission in 1934 
have been revised and were recently resubmitted at a 
Public Hearing before the Interstate Commerce Com- 
mission for adoption. Pending the adoption of the speci- 
fications for fusion welded tank car tanks by the I. C.C 
special authorization has been granted for the construc- 
tion of 1074 tank car tanks fabricated in conformity with 
the proposed specifications. Reports indicate a satis 
factory performance for the fusion welded tanks now in 
service after having transversed something over ten 
million miles. 


American Institute of Electrical Engineers 


Subcommittee on Power Supply for Welding Operations 


The Subcommittee has improved the cooperative re- 
lations between the resistance welder manufacturers, the 
users and the power suppliers, particularly in regard to 
the providing of an adequate power supply for resistance 
welder installations. 

The Subcommittee has prepared a report entitled 
“Power Supply for Resistance Welding Machines: | 
Guide to Good Electrical Performance of Resistance 
Welding Machines; II. Resistance Welder Installa- 
tions; III. Factory Wiring for Resistance Welders,’ to 
be used as an aid in the planning of layouts for new in- 
stallations and in the preparation of electrical specifica- 
tions for the purchase of new equipment. The first two 
parts of this report have been completed and are avail- 
able in reprint form and the third section is completed 
and should be available early in 1941. 

Recommendations have also been prepared regarding 
National Electrical Code requirements for resistance 
welder installations which are being submitted to the 
proper Code authorities for their consideration. Pur- 
chase inquiry forms and manufacturers’ data sheets have 
been prepared covering both mechanical data and power 
supply data on new installations. It is felt that the 
proper use of these forms will do much toward improving 
the relations between the manufacturers, the users and 
the power suppliers and will be of considerable assistance 
in the providing of an adequate power supply for all 
new installations. 


National Board of Boiler and Pressure Vessel Inspectors 


During the past year nine meetings have been held 
which were attended by our representative. These meet- 
ings have been held concurrently with meetings of the 
A. S. M. E. Boiler Code Committee. In cooperation 
with the latter Committee the National Board takes an 
active interest in the administrative questions connected 
with boiler and pressure vessel legislation in the various 
states. The National Board devotes its major attention 
to the question of uniformity of application of the rules 
recommended by the Boiler Code Committee and, as 4 
result of its activities, has extended the application 0! 
the rules to twenty-three of the states of the nation. 
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Inasmuch as fusion welding methods of fabrication are 
coming into almost universal use in the plants of boiler 
and pressure vessel manufacturers, this representation 
has afforded an unusual opportunity to offer construc- 
tive advice to this organization leading to employment of 
inspection and testing practices as they are applied to 
welded construction. The attention that has been given 
to welding developments has undoubtedly fostered its use 
in the pressure vessel field as a fabricating method. In 
fact, remarkable advances have been observed during 
the past year in not only the development of the art 
but also the recognition of welding methods of fabrication 
by the various Code jurisdictions. 


American Transit Association 


Way and Structures Committee No. 3 on Welding 
Our representative is cooperating in the preparation 
of the A. T. A. Filler Metal Specifications. 
American Society for Metals 
Recommended Practice Committee 


Two meetings in Cleveland of the American Society for 
Metals Handbook Committee have been attended by 


the A. W. S. representative during the year. The time_a to serve on the above Committee. 


Standing Committees 


PUBLIC RELATIONS 


Appointed April 20, 1932, to deal with all State and 
Federal Legislative matters involving welding which 
come to the attention of the Society, particularly those 
proposals which are detrimental to the best interests of 
the welding art. 


MANUFACTURERS 


Appointed September 8, 1930, to consider arrange- 
ments for future expositions; handle matters pertaining 
to exposition and look after welfare of welding exhibitors. 
These duties have been enlarged to include matters of 
general interest to the manufacturers. 


CONVENTION 


Appointed April 27, 1932, to plan and make arrange- 
ments (other than those specifically assigned to other 
committees) and to correlate activities dealing with 
Annual Meeting and Exposition matters; composed of 
following: General Chairman, Chairman, Manufactur- 
ers Committee, representing exhibitors; Chairman and 
Secretary, Program Committee; Chairman and Secre- 
tary, Section in locality where meeting is held; National 
Secretary and Treasurer. 


COMMITTEE ON OUTLINE OF WORK 


_ The Committee on Outline of Work was appointed 
in 1938 with the broad purpose of coordinating the 
technical activities of the Society and for stimulating 
progress in such activities. 
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of issuance of the next A. S. M. Handbook has not as 
yet been decided upon. Active work, however, is in 
progress by way of assignment of members to the Sub- 
committees, whose duty it will be to condense and re- 
arrange much of the material in the Handbook. 


American Petroleum Institute 


Subcommittee on Field Welding of Casing 


At the Chicago meeting, the Chairman, Mr. Hodell, 
presented a written comment on revision of specifications 
for pipe intended for welded casing. In fields where 
fast running of casing is important, the use of welded 
casing is limited to the larger sizes. Until faster methods 
of welding are perfected, general use of welded casing is 
not anticipated, and the activity of the A. P. I. Com- 
mittee on Field Welding will probably be governed by 
such developments. 


American Coordinating Committee on Corrosion 


At a meeting held on September 12, 1940, the Board 
of Directors appointed a representative of the Society 


The year 1939-40 has been an 6utstanding one from 
the point of view of technical accomplishments. Nine 
Committees have completed the preparation of codes or 
reports of which five were published and four awaiting 
publication. Four additional codes and reports are 
nearing completion. 

The organization of four new Committees was com- 
pleted; five were reorganized, and one Committee was 
discharged. The new Committees added during the 
year are: 

Committee on Non-Destructive Tests for Welds. 

Committee on Code for Fusion Welding High Alloy 

Steel Engineering Structures. 
Committee on Inspection of Welding. 
A. 5. A. Sectional Committee C52 

Apparatus. 


Electric Welding 


The Committees that have been reorganized are: 


Committee on Building Codes. 

Committee on Standard Tests for Welds. 

Committee on Grouping of Materials According to 
Weldability. 

Committee on Minimum Requirements of Instructions 
for Welding Operators in Trade Schools. 

A. W. S.-A. S. M. E. Conference Committee. 


The Society has also appointed representatives on the 
following: 


A.$. A. Standardization Project ‘‘Preferred Voltages 
100 Volts and Under.”’ 

A. S. T. M. Committee A10 
Welding. 

American Coordinating Committee on Corrosion. 


Subcommittee VII on 


The following Codes were completed during the year 
of which the first five were published, and the remaining 
awaiting publication: 
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Tentative Standard Methods for Mechanical Testing 
of Welds. 

Tentative Definitions of Welding Terms and Master 
Chart of Welding Processes. 

Tentative Rules for Field Welding of Storage Tanks. 

Tentative Specifications for Iron and Steel Arc Weld- 
ing Electrodes. 

Welding Symbols and Instructions for Their Use. 

Recommended Procedure to Be Followed in Preparing 
for Welding or Cutting Certain Types of Containers 
Which Have Held Combustibles. 

A. W. W. A.-A. W. S. Tentative Specifications for 
Elevated Steel Water Tanks, Standpipes and Reser- 
voirs. 

Standard Qualification Procedure—Section I-—Manual 
Are and Gas Welding of Ferrous Materials. 

Welding of Pipe Joints (Chapter 4 of A. S. A. Code for 
Pressure Piping). 

The following Codes and reports are nearing comple- 

tion: 


Specifications for Welded Highway and Railway 
Bridges. 

Grouping of Materials According to Weldability. 

Report on Thermal Stresses and Shrinkage in Welded 
Ship Construction. 

Welding Symbols and Instructions for Their Use 
(1940 revision). 


During the year the Committee on Outline of Work 
proposed new Rules to Govern Organization, Functions 
and Operations of Technical Committees, which were 
adopted by the Executive Committee. 

The Committee instigated the preparation of records 
on membership experience both from the view-point of 
possible service on committees and as experts in specific 
fields. 

A somewhat new departure in type of organization has 
been proposed in connection with the appointment of a 
Resistance Welding Standards Committee. This pro- 
posal contemplates the appointment of a fairly large 
Steering Committee with appropriate working Subcom- 
mittees. The principal advantages of the organization 
of this type of Committee in the resistance welding field 
will be to promote progress, bring about better coordina- 
tion of needed work and assure acceptance of standards 
promulgated. 

The Committee on Outline of Work has held four 
meetings and has made recommendations from time to 
time on the basis of letter ballots and correspondence. 


BY-LAWS 


During the past year the Committee on Revision of 
By-Laws has proposed three revisions: 

|. Provision for a single expiration date for member- 
ship dues as of September Ist. 


WAYS AND MEANS 


The Committee was appointed on January 12, 1939, 


Special Committees 


2. 


Increased returns to Sections on membership dues, 
and 

3. The creation of a Permanent Funds Committee tp 
handle reserve funds of the Society. 


PUBLICITY 


Duties under general policies approved by the Board 
of Directors and subject to the limitation of the approved 
budget, the Publicity Committee shall 

1. Be in charge of the publicizing activities of the 
Society and shall prepare publicity articles for release 
to the technical press and to newspapers in respect to the 
organizational activities, annual reports, national and 
district meetings, awards of medals and prizes, technical 
programs and papers, technical activities including code, 
specification, standardization and research work, educa- 
tional activities and publications of the Society. 

2. It shall prepare circulars and posters for soliciting 
advertising in THE WELDING JOURNAL. 

3. It shallin consultation with the Membership Com- 
mittee prepare advertising in respect to promotion of 
membership. 

4. It shall cooperate with officials in charge of na- 
tional and district meetings and chairmen of all interested 
committees in carrying out its program. 


EDUCATION 


As the duties of this Committee are limited to stimulat- 
ing and aiding the Sections in the preparation of lecture 
courses, and none of the Sections has asked for assistance 
during the past year the Committee has been inactive. 

Suggestion has been made that the Educational Com- 
mittee give consideration to the training of welding 
engineers in cooperation with engineering schools. 


CODE OF PRINCIPLES OF CONDUCT 


It is pleasing to report that it has been found unneces- 
sary for this Committee to function during the past year. 


OTHER STANDING COMMITTEES 


The reports of other standing Committees such as 
Membership, Finance, Meetings and Papers and Commiut- 
tee on Awards are given elsewhere in this report. 

The functions of the above-mentioned Committees 
and others such as Executive, Nominating, Board of 
Directors and Permanent Funds Committee are outlined 
in the Constitution and By-Laws reproduced in this Year 
Book. 


balanced distribution of income from the various com 
panies affiliated with the Society, might be planned. A 
second objective was to lay plans for securing this addi 


for the purpose of analyzing the income of the Socrety _ tional income and carrying out these plans. 
from Membership Dues, Advertising and Contributions At present, the Committee is confining its attention 
to Research Work in order that a more equitable and to interesting special groups to affiliate with the AMERI- 
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cAN WELDING Society and to support its research work. 
Groups appri yached or under consideration are Automo 
tive, Resistance Welding, Shipbuilding, Pipe and Ma- 
chinery manufacturers. 


ORGANIZATION AND PROCEDURE OF TECHNICAL 
COMMITTEES 


At a meeting of the Board of Directors held October 

25, 1940, a committee was appointed on the above sub- 
iect with the following scope: 
' To study the organization and procedure of technical 
committees and the standardization activities of the 
AMERICAN WELDING SOCIETY in relation to current and 
prospective technical activities and to the needs of indus- 
try in respect to such work and to recommend what, if 
any, changes and additions should be made in technical 
committee organization headquarters staff technical 
activities and in by-laws and rules of procedure for such 
work. 


RESISTANCE WELDING ADVISORY COMMITTEE 


Appointed by the Board of Directors Oct. 25, 1940, 
to make recommendations to the Executive Committee 
which will insure the most efficient utilization of the 
AMERICAN WELDING Society for the advancement of 
the art and science of Resistance Welding. 


WELDING HANDBOOK COMMITTEE 


The AMERICAN WELDING Society issued its first 
Welding Handbook in 1938. This book was widely dis 
tributed and the supply was exhausted. A new com- 
mittee has been appointed to revise the 1938 edition, to 
bring it up-to-date and to make it more generally useful. 
The committee will also be concerned with the financing 
and wide distribution of the book. 


RULES TO GOVERN ORGANIZATION, 


Functions and Operations of 


Technical Committees 


(Approved by Executive Committee Feb. 29, 1940) ’ 


INCEPTION OF A COMMITTEE 


The need for a technical committee or project may be 
brought to the Socrety’s attention by any group or indi- 
vidual interested. Request for appointment of a tech- 
nical committee must be accompanied by a definite 
statement as to the necessity, scope and purpose of the 
committee. The request must be accompanied by a 
historical survey of conditions leading up to the request 
and a statement of activities of other organizations in the 
field of activity to be covered. On receipt of this re- 
quest, the Society office shall refer the matter to the 
Committee on Outline of Work, who shall ascertain, if 
possible, (1) If there is real need for a project or com- 
mittee of this sort, (2) If the cooperation of all interested 
parties can be secured, (3) Whether the committee should 
be organized as a committee of the AMERICAN WELDING 
SOCIETY or jointly with one or more other organizations 
and (4) Any unusual expense. If found desirable the 
Committee on Outline of Work shall recommend to 
the Executive Committee of the Board of Directors of the 
Society the appointment of such a committee, define 
the scope of its activity and recommend personnel or 
interests which should be included in the committee. 

If the information as to the need for a particular com- 
mittee or the interests involved is not furnished, this in- 
formation may be secured by the Committee on Outline 
of Work. Announcement of a proposed committee may 
also be made in THE WELDING JOURNAL for the purpose 
ol securing comments. 


COMMITTEE PERSONNEL 


The chairman of a committee will be selected for 


executive capacity and knowledge of the work involved. 
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He will be consulted in the selection of personnel of the 
committee. Committee membership will be held as 
small as practicable, consistent with thorough represen 
tation of all interests involved. 


APPOINTMENTS 


Although committee appointments in accordance 
with the By-Laws are for a term of one year, it is usually 
desirable in technical committees for members to be re- 
appointed until the task is completed. Committee 
personnel is reconsidered at the end of each year and an 
opportunity is thus provided to leave off members who 
no longer are interested or who are unable to serve. 
Notification of appointment will be sent out by the 
Society’s Secretary, with copy to the President and to 
the Chairman of the Committee on Outline of Work. 

Additions or changes in Committee personnel shall be 
made by the President with the advice of the chairman 
of the committee in question and of the Committee on 
Outline of Work. Proposal for such changes or addi 
tions may come from other sources. Such proposals 
will be referred to the chairman of the committee in ques 
tion and the Committee on Outline of Work before action 
by the President. 


ORGANIZATION 


Committees may elect a Vice-Chairman and a Secre 
tary. 

The chairman of a committee may appoint without 
further approval a Secretary and such subcommittees as 
he deems necessary. Membership of subcommittees need 
not be confined to members of the committee. The 
chairman of a subcommittee shall be a member of the 
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committee. The chairman of the main committee shall 
be ex-officio a member of all subcommittees. 

The names of officers, subcommittees and personnel of 
subcommittees shall be reported in duplicate to the 
Secretary of the Society, one copy of which shall be for- 
warded to the Chairman of the Committee on Outline of 
Work. 

Procedure of and reports to be furnished by subcom- 
mittees will be prescribed by the committee chairman. 


COMMITTEE MEETINGS 


Committee meetings will be held at the call of the 
chairman, usually at such times and places as suit the con- 
venience of the majority of the members. In order thata 
committee shall retain an “‘active’’ status, it is desirable 
for the committee to hold at least two meetings during 
any calendar year. 

Subcommittees will meet at the call of the chairman 
thereof. 


REPORTS OF PROGRESS 


The Secretary of the Socrety shall be regularly in- 
formed of current activities of committees. There shall 
be forwarded copies of notices of meetings and minutes of 
meetings, including reports of subcommittees. 


APPROVAL OF REPORTS 


The work of a committee shall be presented, in du- 
plicate, to the Society in the form of Reports. One copy 
of the report shall be forwarded to the Chairman of the 
Committee on Outline of Work to determine whether 
this report covers the scope of work intended and whether 
the report has been properly correlated with the work or 
reports of other committees. The Chairman of Com- 
mittee on Outline of Work will forward the report with 
recommendations to the Secretary of the Socrery for the 
action of the Board of Directors.* The Chairman of a 
committee, in presenting his report, shall furnish a 
written statement as to the procedure used in correlating 
his report with the work of interested committees of the 
AMERICAN WELDING Socrety, and of other technical 
societies or committees. He shall also report the results 
of letter ballot or other votes of his committee on his 
report. In case of negative votes, the report should in- 
clude, if practicable, a statement of reasons for unfavor- 
able votes and the opinion of the committee as to the 
validity of the objections raised. 

A new code, Standards and Specifications, before adop- 
tion should be submitted to a considerable number of 
interested people for comments and suggestions. A 
definite period shall be provided for the receipt of these 
suggestions which shall be turned over to the technical 
committee for study and action. A notice of the avail- 
ability of a code in print or mimeograph form, may, at 
the discretion of the Committee on Outline of Work, be 
published in THe WELDING JOURNAL so that any member 
may for a limited time, obtain a copy of this code for 
comments with the understanding that the comments 
shall be made within a definite period. In some instances 
the tentative code or report may be published in THE 
WELDING JOURNAL for the purpose of securing comments 
and criticisms. 


* The Committee on Outline of Work shall have no jurisdiction over the 
technical features of Committee reports. 
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Committee chairmen will have the privilege of per- 
sonally presenting their reports to the Committee on 
Outline of Work and to the Board of Directors and it js 
desirable that they do so. Arrangements for persona] 
presentation may be made through the Secretary of the 
SOCIETY. 

All reports bearing the name of the AMERICAN We p- 
ING SOCIETY must be approved by the Executive Com. 
mittee or the Board of Directors, subject to confirmation 
by letter ballot or at a regular meeting of the Board of 
Directors. If objections, other than editorial, are raised 
by three or more members of the Board, the report shall 
be reconsidered at a meeting of the Board. 

After approval of reports by the Board of Directors 
they shall be published in the Society JOURNAL or in pam- 
phlet form for the membership of the SocIery or as spe- 
cially provided by the Executive Committee. 

When first issued, a code shall be considered Tentative 
for one year. It may then be revised and considered in 
effect for a period of two years. 


COOPERATION WITH OTHER COMMITTEES 


It is desirable that the reports and findings of all com- 
mittees be in harmony with each other. Chairmen of 
committees involving general reports, such as, Filler 
Metal Specifications, Symbols, Qualification of Welding 
Operators, Standard Tests for Welds and the like, shall 
keep other committee chairmen informed of the progress 
of the work of their committee. Conflicts in interest 
should be promptly brought to the attention of the Com- 
mittee on Outline of Work. 


COOPERATION WITH OTHER SOCIETIES 


It is the desire that the AMERICAN WELDING SOcIETY 
shall be the originator of all codes, standards and speciti- 
cations involving welding. Nevertheless, on occasions it 
will be advisable to have such codes, standards and 
specifications issued jointly with other organizations. 
Joint committees shall fully respect the rights of all the 
participating organizations. 


REVIEW OF COMMITTEE OPERATIONS 


On or before September Ist each technical committee 
of the Society shall prepare a brief report of progress 
during the year and plans for future activities which 
shall be submitted in duplicate, one for the Secretary to 
assist in the compilation of the Annual Report and the 
other for the Committee on Outline of Work. This re- 
port shall indicate desirable changes in personnel. It 
shall be the duty of committee chairmen to call the atten- 
tion of the Committee on Outline of Work to the lack of 
attendance at committee meetings or lack of interest on 
the part of personnel, but in many cases, as attendance at 
meetings is impracticable, prompt and constructive re- 
plies by mail would be ample evidence of interest in the 
work. 

The Committee on Outline of Work should also be 
furnished by committee chairmen with copy of their 
proposed program of activities. 


DISCHARGE OF COMMITTEES 
Upon completion of its work on recommendation of 
the Committee on Outline of Work, a technical com- 


mittee shall be discharged, unless a new program of activi- 
ties is contemplated. 
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Award ot Medals 


BOARD OF AWARD 


Samuel Wylie Miller Medal established 1927, by 
S. W. Miller, to be awarded during his lifetime for any 
meritorious achievement which, in the judgment of the 
Board of Trustees of the Medal, has contributed con- 
spicuously to the advancement of the art of gas fusion 
welding and cutting or the art of electric arc fusion 
welding and cutting. Annually available, $150. Indi- 
viduals only, but of any country and of any age, shall be 
eligible for the award. 

Mr. Miller died on February 3, 1929, and with his 
death the medal ceased to exist. The Society, desiring 
to perpetuate the medal as a memorial to Mr. Miller, at 
the 1929 Annual (April) Meeting by resolution estab- 
lished the Samuel Wylie Miller Memorial Medal. The 
award is made annually by the Board of Award for any 
meritorious achievement which, in the judgment of the 
Board of Award, has contributed conspicuously to the 
advancement of the art of welding and cutting. 


RECIPIENTS OF MEDALS 


SAMUEL WYLIE MILLER MEDAL 


Awarded to 
C. A. Adams (1927) 
J. H. Edwards (1928) 


SAMUEL WYLIE MILLER MEMORIAL MEDAL 


Awarded to 
J. W. Owens (1929) 
E. H. Ewertz (1930) 
F. P. McKibben (1931) 
H. H. Moss (1932) 
J. C. Lincoln (1933) 
C. A. McCune (1934) 
H. M. Hobart (1935) 
H. S. Smith (1936) 
J. W. Meadowcroft (1937) 
C. J. Holslag (1938) 
W. Spraragen (1939) 


Lincoln Gold Medal.—In December 1936, the Board 
of Directors gratefully accepted the generous offer of 
Mr. J. F. Lincoln, president of the Lincoln Electric 
Company to donate a medal to be given annually through 
the AMERICAN WELDING Society for the paper published 
in the AMERICAN WELDING Society JOURNAL and pre- 
sented before a Section or National Meeting that has 
contributed most to the development and advancement 
of welding in the judgment of a committee appointed by 
the Society. 

The following awards have been made: 

1937—-T. M. Jackson 

1938—J. C. Hodge and C. R. Sadler 
1939-——G. O. Hoglund and G. S. Bernard, Jr. 
1940—H. J. French and T. N. Armstrong 


I, REGULATIONS GOVERNING THE BOARD OF 
AWARDS 


1. Membership.—The Board of Awards shall consist 
of three members of the AMERICAN WELDING SocIeTy. 
One member shall retire each year. The President of the 
Society shall appoint a member each year to serve from 
the first day of the month next following the first session 


of the annual meeting of the Society for a term of three 
years. The senior member of the Board shall be chair- 
man of the Board of Awards. 

2. Duties—The Board of Awards each year shall 
select the persons to receive the awards made by the 
SOCIETY. 


II. REGULATIONS GOVERNING THE AWARD OF THE 
SAMUEL WYLIE MILLER MEMORIAL MEDAL 


1. Donor.—TuHe AMERICAN WELDING SOCIETY. 

2. Purpose-—To commemorate the many unique con 
tributions of Samuel Wylie Miller to the science and art 
of welding, his unselfish encouragement of others, his 
achievements and effective work in convincing engineers 
and the public that welding should take its rightful place 
as a recognized method of fabricating metals, and es- 
pecially his important contributions to the formation 
and early success of the AMERICAN WELDING SOcIeTY. 

3. Award.—The medal shall be awarded each year to 
the person who in the judgment of the Board of Awards is 
most deserving for conspicuous contributions to the 
advancement of the welding or cutting of metals. 

4. Eligibles—Any person shall be eligible for this 
award whether or not a member of the AMERICAN WELD- 
ING SOCIETY. 

5. Presentation.—The medal for each year together 
with a suitable certificate shall be presented at a session 
of the Annual Meeting of the AMERICAN WELDING 
Society next following the year for which the award is 
made. The presentation shall be made by the chairman 
of the Board of Awards or by a member of the Socrery 
designated by the chairman. 


III. REGULATIONS GOVERNING THE AWARD OF THE 
LINCOLN GOLD MEDAL 


1. Donor.—Mr. J. F. 
Electric Co. 

2. Purpose.—To encourage the presentation before 
the AMERICAN WELDING Society of papers which are 
effective in promoting the use of welding. 

3. Award.—The medal shall be awarded each year 
to the author or authors of the paper which in the judg- 
ment of the Board of Awards is the greatest original 
contribution to the advancement and use of welding. 


4. Eligibles: 

(a) For the author or authors to be eligible for this 
award, the paper shall describe clearly original work done 
by them or under their supervision on welding in any of 
its aspects by any method or process. 

(b) The paper shall be a full disclosure of the subject 

(c) The paper shall contain no statement which is 
unethical advertising or sales promotion. The paper 
may contain statements of fact including the names of 
either individuals or organizations of any kind, commer 
cial designations, trade names, etc. 

(qd) Papers having more than three authors shall not 
be considered for this award. 

(e) Any one may be an author of a paper considered 
for this award whether or not a member of the AMERICAN 
WELDING SocIety. 

(f) For the author or authors to be eligible for this 
award, the paper shall have been published in an issue 
of THE WELDING JOURNAL during a twelve-month period 
ending with the July issue before the Annual Meet 
ing, and also, the paper shall have been presented or 
scheduled for presentation either at a meeting of the 


Lincoln, President, Lincoln 
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AMERICAN WELDING SOCIETY or a meeting of any divi- 
sion or section of the Society. 

5. Presentation.—The medal, bearing on the reverse 
side the name of each author of the paper, together with 
a suitable certificate, shall be presented at a session of 
the Annual Meeting of the AMERICAN WELDING SOCIETY 
during the year for which the award is made by the 
Chairman of the Board of Awards or by a member of the 
Society designated by the Chairman. Each author of 
the paper for which the award is made shall receive a 
medal and a certificate and the medals and certificates 
shall be duplicates. 


Resistance Welding Prize 
Contest 


Beginning with 1940 the Resistance Welder Manufac- 
turers’ Association has established a series of prizes 
totaling $700 to be awarded by the AMERICAN WELDING 
Society for the best papers presented during the year on 
Resistance Welding. The award for 1940-41 will cover 
the period September 1, 1940 to August 31, 1941. 
The purpose of the Contest is to bring about the prepa- 
ration of better Resistance Welding papers. 


CONTEST RULES FOR TECHNICAL PAPERS ON 
RESISTANCE WELDING SUBJECTS 


Sponsored by Resistance Welder Manufacturers’ 
Association 


1. The contest is open to anyone, without restriction, 
from the United States, its possessions and Canada. 
It is also open to any member of the AMERICAN WELDING 
SocIety in any grade from any place in the world. 

2. There will be 7 prizes as follows: One $300 prize, 
one $200 prize, one $100 prize, four $25 prizes. 

3. All papers submitted in the contest become the 
joint property of the R. W. M. A. and the AMERICAN 
WELDING Society, who will retain all rights thereto. 

4. The AMERICAN WELDING Society will appoint 
three judges who will judge the relative merits of the 
various papers submitted and make the awards accord- 
ingly. The decision of the judges will be final. 

5. The papers will be judged on the following basis: 


(a) Educational value................. 30 points 
(6) Fundamental or Research Value..... 30 points 
(c) Practical Application............... 25 points 
15 points 


Minimum length requirement—2500 words. 
Enlarging on the points above, it is understood that 
first of all any paper to be worth while must have a very 
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definite educational 
the paper must be educational to 


value. By this is meant that 


(a) The Operator, 

(6) The Foreman or Set-up Man, 

(c) The Designer or Engineer, 

(d) The Process or Development Man, 


The Plant Owner or Management. 


The paper doesn’t need to cover the educational range 
shown above and the maximum points may be earned 
in any one of these classifications. 

Second, the paper must have value along the lines of 
fundamental information or research information. This 
may be interpreted as being along such lines as set-up 
values for various welding machines and materials, in- 
formation which will promote and further the use of exist 
ing welding equipment. Research value may be inter 
preted to include new methods, new economies, data on 
product design, adapting products to resistance welding 
for other fabrication methods, etc. 

Third, practical application. Any paper to be worth 
while must have practical application and not be a com- 
prehensive theoretical presentation whose practical 
value isin doubt. The paper should be applicable either 
to equipment or methods now in use, or to equipment and 
methods which can be immediately put into use. Natu- 
rally, any paper covering a large field of operations, such 
as, for instance, automotive manufacturing or sheet metal 
industry, should receive higher recognition than one 
which is confined to a very limited field, where possible 
return to the industy would be much less. 

Fourth, presentation. The paper must be well pr 
sented with concrete facts wherever possible, tables, 
charts, photographs, etc. The arrangement of the paper 
should be such that a minimum amount of editing is 
necessary. Obviously, any paper that is accompanied 
by photographs, charts, etc., ‘is much better than one 
without these details. 

6. Papers submitted in this contest may, at the dis- 
cretion of the editors of THE WELDING JOURNAL, be pub- 
lished in the JOURNAL at any time the editors of the 
JOURNAL see fit and not necessarily waiting until the 
expiration date of the contest. 

7. All papers must be typewritten, single spacing, 
written on one side only of blank white paper. Photo 
graphs, charts, graphs, etc., may either be attached di- 
rectly to the copy or may be detached, in which case 
they should be clearly identified with fig. nos., captions, 
etc. 

8. All papers are to be submitted to: Resistance Weld- 
ing Contest, AMERICAN WELDING Society, 33 West 39th 
Street, New York, N. Y. 

9. Papers which are to be presented at the annual 
meeting of the AMERICAN WELDING SOcIETY in October 
may also be entered in this contest in which case a draift 
or copy of the paper must be filed with the WELDING 
Society not later than August 3ist. 

10. Further information may be had upon applica 
tion to: Resistance Welder Manufacturers’ Association, 

505 Arch Street, Philadelphia, Pa., or AMERICAN WELD 
ING Socrety, 33 West 39th Street, New York, N. Y. 
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OFFICERS and COMMITTEES 


American Welding Society 


BOARD OF DIRECTORS 
1940-1941 


*President—G. F. Jenxs, Colonel, Ordnance Dept., U. S. Army, 
Washington, D. C 

*First Vice-President—K. L. HANSEN, Consulting Electrical Engr., 
Harnischfeger Corp., Milwaukee, Wis. 

*Second Vice-President—Davip ARNotTT, American Bureau of 
Shipping, New York, N. Y. 

District Vice-Presidents: 

*New York-New England—P. J. HorGcan, General Electric Co., 
Lynn, Mass 

*Middle Eastern—E. T. Scott, Cleveland School of Welding, 
Cleveland, Ohio 

*Middle Western, D. H. Corry, Detroit Edison Co., Detroit, 
Mich. 

*Southern—O. T. BARNETT, Black, Sivalls & Bryson, Inc., Okla- 
homa City, Oklahoma 

*Pacific Coast—-L. W. Deni, Western Pipe & Steel Co., San 
Francisco, Calif. 

Treasurer—L. S. Morsserrr, Consulting Engineer, 99 Wall St., 
New York, N. Y. 


Directors-at-Large 


lerm expires 1941: 
C. A. Adams, E. G. Budd Mfg. Co., 25th and Hunting Park Ave., 
Philadelphia, Pa. 
Marvin Cook, Humble Oil Company, Houston, Texas 
H. M. Priest, U. S. Steel Corp., Railroad Research Bureau, 612 
Frick Bldg., Pittsburgh, Pa. 
tA. E. Gibson, Wellman Engineering Co., 7000 Central Ave., 
Cleveland, Ohio 


Term expires 1942: 
E. V. David, Air Reduction Sales Co., 60 East 42nd St., New 
York, N. Y. 
J. D. Gordon, Taylor-Winfield Corp., Warren, Ohio 
H. S. Smith, Union Carbide Co., 30 East 42nd St., New York, 
tH. C. Boardman, Chicago Bridge & Iron Co., 1305 W. 105th St., 
Chicago, 


Term expires 1943: 

*H. O. Hill, Bethlehem Steel Co., Bethlehem, Pa. 

*J. H. Deppeler, Metal & Thermit Corp., New York, N. Y. 

*E. L. Mathy, Victor Welding Equipment Co., San Francisco, 
Calif. 

*A. G. Bissell, Bureau of Ships, Navy Dept., Washington, D. C. 

tG. T. Horton, Chicago Bridge & Iron Co., 1305 W. 105th St., 
Chicago, III. 


OTHER OFFICERS OF THE SOCIETY 


Secretary—M. M. KE ty, 33 West 39th Street, New York, N. Y. 


Technical Secretary and Journal Editor—W. SPRARAGEN, 33 West 
39th St., New York, N. Y. 


Assistant Technical Secretary—L. M. Davccner, 33 West 39th St., 


New York, N. Y. 


* Elected 1940 
Junior Past-Presidents. 


PAST-PRESIDENTS OF AMERICAN WELDING SOCIETY 


C. A. Adams (1919-20) 
J. H. Deppeler (1920-21) 
*S. W. Miller (1921-22) 
*C. A. McCune (1922-23) 
*T. F. Barton (1923-24) 
E. H. Ewerts (1924-25) 
A. G. Oehler (1925-26) 
F. M. Farmer (1926-28) 


* Deceased. 


F. T. Llewellyn (1928-30) 


E. A. Doyle (1930-32) 

*F. P. McKibben (1932-34) 
D. S. Jacobus (1934-35) 

J. J. Crowe (1935-36) 

A. E. Gibson (1936-37) 

*P. G. Lang, Jr. (1937-38) 


H. C. Boardman (1938-39) 
G. T. Horton (1939-40) 


Standing Committees 
of the 
American Welding Society 


Executive Committee: 


G. F. Jenks, Chairman 
David Arnott 

C,. A. Adams 

A. G. Bissell 

H. C. Boardman 
Everett Chapman 

R. W. Clark 

E. V. David 

A. F. Davis 

J. H. Deppeler 


Finance Committee: 
L. S. Moisseiff, Chairman 
H. C. Boardman 
E. V. David 


Membership Committee: 


A. F. Davis, Chairman 


C.9L. Eksergian 
E. R. Fish 

QO. B. J. Fraset 
John D. Gordon 
K. L. Hansen 
H. O. Hill 

D. S. Jacobus 
Albert S. Low 
L Moisst iff 
H. S. Smith 


H. S. Smith 
M. M. Kelly 


925 


Section 
Birmingham 
Boston 
Canton 
Chattanooga 
Chicago 
Cincinnati 
Cleveland 
Colorado 
Columbus 
Connecticut 
Detroit 
Georgia 
Hawaii 
Indiana 
Kansas City 
Los Angeles 
Louisiana 
Maryland 
Milwaukee 


Chairman, Mem. Comm 
J. E. Durstine 
R. H. Silver 
R. M. Wallace 
Chester Raymo 
R. L. Kohlbry 
Carl P. Bartels 
J. F. Maine 
J. H. Johnson 
R. G. Duff 
Gustave Welter 
T. E. Cummings 
E. Guillot 
J. K. Mardick 
P. B. Hall 
E. D. Anderson 
M. Turner 
P. E. Smith 
M. G. Wicker 
John Pawlowski 


Prestige Man 
W. P. McCutcheon 
Henry F. Gray 


Corbin Chapman 
A. M. Candy 

W. W. Petry 

A E Gibson 
Horace Jackson 
F. C. Caldwell 

E. R. Fish 
Vaughn Reid 

A. D. Snipes 


Paul Grubbs 


J. A. Hall 


Mace H Bell 
Bela Ronay 
R. W. Sternk« 
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New York R. E. Bedworth E. A. Kerby Dr. W. F. Hess J. A. Warfel 


Northern N. Y. R. F. Wyer R. W. Clark Prof. P. E. Kyle Prof. W. M. Wilson 
Western N. Y. Randall Schleich 
om f John Mikalak 
H. A. Lindeke 
Oklahoma City J. W. Blake J. M. Krisman 
eoria enry Blome oberts 
Philadelphia H. B. Seydel W. W. Barnes Banash 
Pittsburgh A. J. Deacon J. F. Minnotte H 
Puget Sound Geo. S. Brett D D te 
Quad-Cities W. J. Foley r. D. S. Jacobus 
Rochester Robert Cattanach 
St. Louis N. F. Moss Lockwood Hill 
San Francisco M. Maltseff E. L. Mathy 
San Joaquin R. Rutherford Floyd Smith 
South Texas Chas. W. Cryer B. W. Farquhar Publicity Committee: : se il 
ve Tulsa Austin Coats Don Leach M. L. Smith, Chairman Ed. C. Powers 
Washington 3. E. Knox W. F. Dietz 
Wichita J. H. Dunham A. I. Davis 7€0. DYKES 
Youngstown Paul Maloney Robert Haas R. D. Jordan J. H. Thomson 
York W. B. Lair J. W. Hennessey lr. B. Jefferson G. Van Alstyne 
Lake Shore W. W. Burger Ed. Logelin 
Northern N. J. Thos. B. Smith D. Ogilvie 
m4 Committee on Admission to Membership: Manufacturers Committee: 
tg Chas. Kandel, Chairman J. L. Edwards J. B. Tinnon, Chairman A. E. Gaynor 
.e A. W. Carpenter S. S. Scott W. B. Baker K. L. Hansen 
ts W. H. Bleecker O. L. Howland 
4, W. P. Burglund L. D. Meeker 
- T. C. Fetherston (Alternate) W. W. Reddie 
: Committee on Meetings and Papers: fe oo G. Van Alstyne 
- O. B. J. Fraser, Chairman Chas. H. Jennings oe 
: W. Spraragen, Secretary Dr. A. B. Kinzel 
C. A. Adams Milton Male 
: G.N. Bull Dean Chas. E. MacQuigg 
A. M. Candy . J. Murph ; 
M. S. Clark 44 Ochler Convention Committee: 
: D. H. Corey H. M. Priest E. V. David, Chairman ™ 
. E. V. David M. L. Smith Vice-Chairman, Chairman, Local Section where meeting is held 
: E. J. Del Vecchio Jerome Strauss L. S. Moisseiff, Treasurer 
i T. C. Fetherston J. D. Tebben M. M. Kelly, Secretary 
a Dr. W. F. Hess E. E. Thum J. B. Tinnon, Chairman, Manufacturers Committee 
2 T. R. Higgins G. Van Alstyne M. L. Smith, Chairman, Publicity Committee 
if Dr. J. C. Hodge E. Vom Steeg E. V. David, Chairman, Programs Committee 
Thos. M. Jackson J. L. Wilson W. Spraragen, Secretary, Programs Committee 
Secretary, Local Section where meeting is being held 
Committee on Revision of By-Laws: 
E. M. T. Ryder, Chairman O. E. Hovey 
2 ‘ Permanent Funds Committee: 
F. M. Farmer, Chairman L. S. Moisseiff 
8 R. S. Donald A. G. Oehler 
H. O. Hill 


Committee on Code of Principles of Conduct: 
E. R. Fish, Chairman O. E. Hovey 


E. H. Ewertz Dr. D. S. Jacobus 
F. M. Farmer 


SPECIAL COMMITTEES 


Ways and Means Committee: 
Committee on Awards: C. A. Adams, Chairman Deppeler 
W. Spraragen, Acting Secretary H. L. Rogers 
Chas. H. Jennings, Chairman Dr. Wendell F. Hess R. F. Cavanagh H. S. Smith 
Dr. D. 5. Jacobus Everett Chapman E. Vom Steeg 

A. F. Davis 


Committee on Outline of Work: 


R. W. Clark, Chatrman C. L. Eksergian 

David Arnott E. R. Fish Second Welding Handbook Committee: 

A. G. Bissell O. B. J. Fraser Dr. D. S. Jacobus, Chairman Prof. W. F. Hess 
H. C. Boardman J. D. Gordon C. A. Adams C. W. Obert 

J. H. Deppeler C. W. Obert H. C. Boardman W. Spraragen 


Educational Committee: 


J. H. Zimmerman, Chairman Dean Chas. E. MacQuigg Special Committee ha Study Technical Organization of 
C. A, Adams G. S. Schaller American Welding Society: 
A. G. Bissell E. W. P. Smith O. B. J. Fraser, Chairman J. H. Deppeler 

_ Prof. G, B. Carson S. M. Spice C. A. Adams J. D. Gordon 
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R. W. Clark 
J. J. Crowe 


N. L. Mochel 


Resistance Welding Advisory Committee: 


J.D Gordon 
M. B. Gathman 


J. W. Meadowcroft 


E. C. Smith 


Committee on Minimum Requirements of Instructions for 
Welding Operators in Trade Schools: 


A. B. Wrigley, Chairman 
L. M. Dalcher, Secretary 
John Adams 

H. L. Allen 

H. L. Amonette 

A. F. Davis 

G. H. Fern 


J. M. Hall 


L. S. Hawkins 
F. J. Morton 


G. R. Singleton 
Secretary, Navy Dept. 


A. K. Seemann 


r- G. O. Hoglund 
Committee on Safety Recommendations: 
H. S. Smith, Chairman F. P. Gross 
Technical Committees 
R. S. Bonsib E. Vom Steeg 
of the is H Deppeler 
. . . Subcommittee on Recommended Procedure for Welding or Cutting 
American Welding Society Conlainers That Have Held Combuctibles: 
H. F Reinhard, Chairman E. W. Fowler 
A. R. Wilson, Chairman O. E. Hovey R. S. Bonsib E. Vom Steeg 
W. Spraragen, Secretary J. Jones 
A. W. Carpenter C. E. Loos 
G. D. Fish L. S. Moisseiff 
F. H. Frankland N. W. Morgan 
C. F. Goodrich H. H. Moss Committee on Grouping of Materials for Procedure and 
Grover ve \ Operator Qualification: 
Q. L. Grover . L. Voge 
Walter C. Hopkins W. M. Wilson C. H. Jennings, Chairman N. L. Mochel 
L. C. Bibber H. W. Pierce 
Subcommittee on Materials: A. G. Bissell J. F. Randall 
J. Jones, Chairman W. Spraragen J.H Deppeler Chas. Schenck 
F. H. Frankland A. R. Wilson W. D. Halsey W. G. Theisinger 
H. H. Moss 
Subcommittee on Workmanship & Technique: 
¥ A. W. Carpenter, Chairman Jonathan Jones 
id L. M. Dalcher, Secretary C. E. Loos Committee on Large Welded Pipesfor Hydraulic Purposes: 
O. L. Grover N. W. Morgan 
LaMotte Grover H. H. Moss Wm. F. Durand, Chairman Robert Glover 
W. J. Crook S. C. Hollister 
Subcommittee on Fatigue & Impact: H. L. Doolittle K. V. King 
A. Vogel, Chairman Jonathan Jones 
Correlating Committee: 
Jonathan Jones, Chairman W. Spraragen 
L. S. Moisseiff Committee on Symbols: 
Editorial Committee: L. C. Bibber, Chairman C. H. Jennings 
N. W. Morgan, Chairman H. H. Moss W. A. Bischoff A. B. S. Kvall (Alternate 
J. Jones L. M. Dalcher Bureau of Ships, Navy Dept G. Mikhalapov 
A. M. Candy C. W. Obert 
Subcommittee on Definitions: R. W. Clark H. M. Priest 
N. W. Morgan, Chairman C. E. Loos H. O. Hill 
A. W. Carpenter H. H. Moss 
L. M. Dalcher 
Subcommittee on Design: 
LaMotte Grover, Chairman J. Jones 
L. M. Dalcher, Secretary N. W. Morgan Committee on Pressure Piping: 
F. H. Frankland J. L. Vogel 
O. E. Hovey W. D. Halsey, Chairman L. R. Hodell 
‘ A. B. Bagsar A. M. Houser 
G. O. Carter A. Kidd 
R. W Clark N. L. Mochel 
sas D. H. Corey B. N. Osmin 
Committee on Definitions and Chart: A. L. 
R. W. Clark, Chairman P. M. Hall F. C. Fantz B. Robinoff 
L. M. Dalcher, Secretary G. Mikhalapov T. W. Greene J. H. Williams 
L. C. Bibber N. W. Morgan Design Manager, Bureau of 
Bureau of Ships, Navy Dept. C. W. Obert Yards & Docks, Navy Dept. 
J. H. Deppeler F. C. Saacke 
Leo Edelson C. M. Underwood 
Machinery Code Committee: Committee on Standard Qualification Procedure: 
J. D. Gordon, Chairman Ralph Diserens W. D. Halsey, Chairman F. Eder 
he Bureau of Ships, Navy Dept. G. F. Jenks Bureau of Ships, Navy Dept F. C. Fantz 
Everett Chapman C. H. Jennings P. R. Cassidy H. O. Hill 
R. W. Clark Wm. Maddux R. F. Cavanagh C. W. Obert, St 
J. H. Cooper H. J. Stein E. C. Chapman W. W. Schmidt 
W. E. Crawford C. M. Underwood R. W. Clark 
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Committee on Welding in Marine Construction: 


H. C. E. Meyer 
H. W. Northcutt 


David Arnott, Chairman 
L. C. Bibber 


Bureau of Ships, Navy Dept C. W. Obert, Sr. 

R. H. Cunningham J. W. Owens 

E. D. Debes H. W. Pierce 

J. H. Deppeler S. S. Scott 

E. M. Enslin F. M. Scotten 

E. R. Fish Major H. B. Vaughan, Jr 
T. M. Jackson J. W. Wilson 


D. S. Jacobus J. F. Wood 
B. E. Meurk H. A. Woofter 


Subcommittee on Hull Construction: 


D. Arnott J. H. Deppeler 
Bureau of Ships, Navy Dept. T. M. Jackson 
R. H. Cunningham H. W. Pierce 
L. C. Bibber 


Subcommittee on Marine Boilers, Pressure Vessels and Piping: 


D. S. Jacobus, Chairman H. C. E. Meyer 
D. Arnott C. W. Obert 
Bureau of Ships, Navy Dept. S. S. Scott 

E. R. Fish J. W. Wilson 
T. M. Jackson J. F. Wood 

B. E. Meurk H. A. Woofter 


Subcommittee on Thermal Stresses: 
H. W. Pierce, Chairman R. H. Cunningham 
D. Arnott E. D. Debes 

L. C. Bibber . M. Jackson 


=) 


Committee on Standard Tests for Welds 


M. F. Sayre, Chairman A. N. Kugler 

L. M. Dalcher, Secretary G. S. Mikhalapov 
Bureau of Ships, Navy Dept. J. F. Randall 

R. W. Clark 


Filler Metal Specifications Committee: 


J. H. Deppeler, Chairman G. O. Hoglund 

L. M. Dalcher, Secretary J. H. Humberstone 
L. C. Bibber G. F. Jenks 

V. W. Bihlman R. S. Johnston 
W. H. Bleecker H. E. Landis 

H. S. Blumberg J. F. Lincoln 
Bureau of Ships, Navy Dept. N. L. Mochel 

J. J. Chyle E. M. T. Ryder 
W. T. Cramer W. W. Schmidt 

J. H. Critchett J. W. Sheffer 

F. H. Frankland E. W. P. Smith 
QO. B. J, Fraser R. D. Thomas 

J. R. Freeman, Jr. E. H. Turnock 

C. F. Gailor C. M. Underwood 
LaMotte Grover C. R. Vincent, Jr. 
H. O. Hill G. L. Willins 
Subcommittee on Aluminum and Aluminum Alloys: 
G. O. Hoglund, Chairman H. E. Rockefeller 
L. M. Dalcher, Secretary F. C. Saacke 


R. E. Bowman 
Bureau of Ships, Navy Dept. 


E. W. P. Smith 


Subcommittee on High Alloy Steels: 


R. D. Thomas, Chairman Frank Garrett 


L. M. Dalcher, Secretary J. C. Hodge 
W. H. Bleecker L. H. Johnson 
H. S. Blumberg J. F. Lincoln 
F. A. Bond D. L. Mathias 
C. F. Braun G. A. Maurath 
M. H. Brown M. S. Northrup 
Bureau of Ships, Navy Dept. G. W. Plinke 
J. J. Chyle M. E. Reid 


R. W. Clark 


Subcommittee on Copper and Copper Alloys: 
F. R. Freeman, Jr., Chairman 


Subcommittee on Gas Welding Rods: 
J. H. Critchett, Chairman J. H. Deppeler 


L. M. Dalcher, Secretary C. F. Gailor 
L. C. Bibber H. O. Hill 
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W. H. Bleecker 
Bureau of Ships, Navy Dept H. E. Landis 


R. S. Johnston 
W. T. Cramer N. L. Mochel 
Subcommittee on Nickel and Nickel Alloys: 


O. B. J. Fraser, Chairman C. S. Glenn 

L. M. Dalcher, Secretary H. J. Kerr 

F. E. Bash J. F. Lincoln 

H. S. Blumberg H. E. Rockefeller 
M. H. Brown F. C. Saacke 
Bureau of Ships, Navy Dept. R. D. Thomas 

J. J. Chyle C. R. Vincent, Jr. 


J. H. Deppeler 


Committee on Building Codes 


T. R. Higgins, Chairman C. F. Goodrich 
L. M. Dalcher, Secretary LaMotte Grover 
Design Mgr., Bureau of Yards Jonathan Jones 


and Docks M. P. Korn 
F. Eder A. E. Marble 
J. L. Edwards C. W. Obert, Sr. 
A. R. Ellis V. R. P. Saxe 
G. D. Fish A. Vogel 


F. H. Frankland 


Subcommittee on Section I—General Provisions: 
Jonathan Jones, Chairman 
L. M. Dalcher 
J. L. Edwards 
G. D. Fish 


LaMotte Grover 
T. R. Higgins 
V.R. P. Saxe 


Subcommittees on Sections II and III 
and Details of Welded Joints: 

C. A. Trexel, Chairman 

L. M. Dalcher 

J. L. Edwards 


C. F. Goodrich 


Permissible Unit Stresse 


LaMotte Grover 
T. R. Higgins 
Jonathan Jones 
V. R. P. Saxe 


Subcommittee on Section IV—-Workmanship: 
LaMotte Grover, Chairman A. E. Marble 


L. M. Dalcher A. Vogel 
T. R. Higgins 


Subcommittee on Section V—TInspection: 

V.R. P. Saxe, Chairman A. R. Ellis 

L. M. Dalcher r. R. Higgins 
F. Eder ; C. W. Obert, Sr. 


Advisory Subcommittee on Welding Provisions of New York Cit 
Building Code: 


F. H. Frankland, Chairman LaMotte Grover 
L. M. Dalcher T. R. Higgins 
E. A. Doyle E. Vom Steeg 
G. D. Fish 


Committee on Preparation of Recommended Practices for 


Inspection of Welding: 


E. R. Fish, Chairman R. C. Kennedy 
L. M. Dalcher, Secretary A. N. Kugler 
Bureau of Ships, Navy Dept. C. W. Obert, Sr. 
Perry Cassidy J. F. Randall 

A. J. Deacon S. B. Ritchie 

F. Eder J. Vreeland 

F. C. Fyke J. L. Wilson 

I. T. Hook 


Committee on Non-Destructive Tests for Welds: 


N. L. Mochel, Chairman G. F. Jenks 

L. M. Dalcher, Secretary J. K. McDowell 
C. A. Adams J. W. Owens 

A. V. deForest 


Subcommittee on Magnetic and Electrical Methods: 


A. V. deForest, Chairman Representative from U. 5 


J. C. Hodge Navy Ord. Dept. 
H. C. Knerr Representative from U. > 


J. T. Phillips 
T. C. Rathbone 


Bureau of Aeronautics 


Subcommittee on Sectioning Methods: 
W. D. Halsey, Chairman J. W. Owens 
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L. M. Dalcher, Secretary 
H. C. Boardman 
H. O. Hill 


H. E. Rockefeller 
W. T. Tiffin 


Subcommittee on Radiographic Methods: 


H. H. Lester, Chairman 


Additional personnel to be appointed) 


Subcommittee on Other Methods: 
J. R. Dawson, Chairman 


(Additional personnel to be appointed 


Committee on Standards for Fusion Welding High Alloy 
Steel Engineering Structures: 


L. H. Johnson, Chairman 
L. M. Dalcher, Secretary 
R. H. Aborn 

Cc. A. Adams 

A. B. Bagsar 

L. S. Bergen 

L. C. Bibber 

Bureau of Ships, Navy Dept. 
Perry Cassidy 

E. C. Chapman 

R. W. Clark 

G. F. Comstock 

J. H. Deppeler 

A. R. Eckberg 

E. R. Fish 

T. S. Fitch 

E. W. Forker 

Russell Franks 

F. C. Fyke 

W. R. Grunow 

M. Clements (Alternate 
W. D. Halsey 

J. C. Hodge 

G. C. Holder 

S. L. Hoyt 

H. J. Huester 


T. M. Jackson 
G. F. Jenks 

C. H. Jennings 
R. T. Kernoll 
A. B. Kinzel 
G. F. Landgraf 
F. L. LaQue 
G, F. Lockeman 
G. A. Maurath 
P. F. McEvoy 
P. P. Moxley 
T. H. Nelson 
S. M. Norwood 


H. B. Oatley 


T. F. Olt 

A. E. Taylor (Alternate 
J. Partington 

G. W. Plinke 

D. B. Rossheim 

R. E. Somers 
Jerome Strauss 

R. D. Thomas, Jr. 
C. M. Underwood 
S. K. Varnes 

V. W. Whitmer 
F. L. Woodside 


Committee on Rules for Field Welding of Storage Tanks: 


H. O. Hill, Chairman 

L. M. Dalcher, Secretary 
H. C. Boardman 

E. W. Fowler 

L. R. Howson 

J. O. Jackson 

A. W. Johnston 


C. W. Obert, Sr. 
G. Raymond 
M. V. Reed 
Walter Samans 
H. A. Sweet 

H. T. Welty 


A. P.I.-A. W. S. Conference Committee on All-Welded Oil Storage 


Tanks: 


H. O. Hill, Chairman 
C. C. Ashley 

H. C. Boardman 

C. W. Obert, Sr. 

G. Raymond 


M. V. Reed 
Walter Samans 
T. C. Smith 

H. M. Stevenson 
T. D. Tifft 


A. W. W. A.-A. W. S. Conference Committee on Elevated Steel 
Water Tanks, Standpipes and Reservoirs: 


L. R. Howson, Chairman 
H. C. Boardman 

H. O. Hill 

J. O. Jackson 


C. W. Obert, Sr. 
J. P. Schwada 
H. A. Sweet 

N. T. Veatch, Jr. 


A. R. E. A.~A. W. S. Conference Committee on Welded Storage 
Tanks and Elevated Tanks for Railway Service: 


H. C. Boardman, Chairman 


J. O. Jackson 


Representatives of 
American Welding Society 
on Other Societies 


American Institute of Electrical Engineers: 


Committee on Electric Welding 


for Welding Operations: 
W. F."Hess 
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Subcommittee on Power Supply 


G. Mikhalapov 


PERSONNEL OF COMMITTEES 


American Standards Association: 


a Committee A-10—Safety Code for Construction 
ork: 


A. N. Kugler 


Sectional Committee A-57—Building Code Requirements 
for Iron and Steel: 


M. Male E. A. Doyle (Alternate 


Sectional Committee B-31—Code for Pressure Piping: 
R. W. Clark J. J. Crowe 
D. H. Corey F. C. Fantz 


Sectional Committee C-42—Electrical Definitions: 
R. W. Clark 


Sectional Committee C-52—Electric Welding Apparatus 
J. H. Blankenbuehler J. W. Sheffer 
L. M. Dalcher 


Sectional Committee C-67—Preferred Voltages—100 Volts 
and Under: 


I. B. Yates 


Sectional Committee Z-2—Protection of Heads, Eyes, etc. 
of Industrial Workers: 


H. S. Smith H. F. Reinhard (Alternate 


Sectional Committee Z-5—Ventilation Code: 
C. W. Obert, Sr E. Vom Steeg (Alternate) 


Sectional Committee Z-14—Drawings and Drafting Room 
Practice: 


L. C. Bibber 


Sectional Committee Z-28—Work in Compressed Air: 
C. W. Obert, Sr 
Sectional Committee Z-32—Graphical Symbols and Ab- 
breviations for Use on Drawings: 
L. C. Bibbet 
Sub-Group on Welding Symbols 
mittee on Symbols: 


Identical to A. W. S. Con 


American Society for Metals: 


Recommended Practice Committee: 
H. L. Maxwell, assisted by—Advisory Committe« 
Composed of A. J. Moses 
H. E. Rockefeller 
C. H. Jennings 


American Society for Testing Materials: 


Subcommittee B-5—on Copper & Copper Alloys 
I. T. Hook 

Committee A-1 on Steel & Subcommittee X XI on Welding \i 
J. H. Deppeler, Chairman 
J. J. Crowe 
A. E. Gaynor 

Committee A-10-Subcommittee VII on Welding: 


Johns« yn 


Anson Hayes 
J. H. Humberstone 


American Transit Association: 


Way and Structures Committee Ni Welding 


J. B. Tinnon 


Association of American Railroads: 


Committee on Fusion Welded Tank Car Tank 
J J Crowe 


American Petroleum Institute: 
Field Welding of Casing: 
J. C. Hodge 4. E. Marble (Alternat: 
P. D. McElIfish 


National Board of Boiler and Pressure Vessel Inspectors: 
C. W. Obert, Sr 
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CATALOGUE OF 


NOVEMBER 1, 1940 


BMBERSHIP 


Honorary Members—Comfort A. Adams and F. T. Llewellyn 


List of Members of All Grades—Arranged Alphabetically 


EXPLANATORY NOTE—The following alphabetical list contains the names of members of all grades. The letter in 
parentheses immediately after each name indicates the class to which the member belongs. The following letters have 
been used to classify the different grades of membership: A—Sustaining Members; B—Members; C—Associate Mem- 


bers; D—Operating Members; E—Honorary Members; F—Student Members. 
mail sent to their residence the home address is given and is preceded by (Res.). 


graphical distribution follows the alphabetical list. 


Where members desire to have their 
A list of members showing the geo- 


A 

Abaunza, Alfred E. (C), Civil Engineer, 
Dixie Machine Welding & Metal Works, 
Inc., 1031 Annunciation St., New Orleans, 
La. 

Abbe, T. W. (C), Petroleum Engineer, Sun 
Oil Co., Box 2657, Houston, Texas. 

Abbott, Harald W. (C), Director of Labora- 
tories, Speer Carbon Co., International 
Graphite & Electrode Corp., St. Marys, 
Pa. 

Abbott, James A. (C), Sales Engineer, The 
Denton & Anderson Co.; (Res.) 11909 
Buckingham Ave., Cleveland, Ohio. 

Abbott, Lester E. (B), Member of Technical 
Staff, Bell Telephone Laboratories, Inc.: 
(Res.) 82 Jackson Road, Valley Stream, 

Ackerman, Clarence J. (D), Arc Welding, 
Rochester Gas & Electric Co., Gen. Main- 
tenance Dept., Rochester, N. Y 

Aborn, Robert H. (C), Asst. Metallurgist, 
U. 8S. Steel Corp. Research Lab., Kearny, 
N. J. 

Adair, John G. (C), Mechanical Engineer, 
Interstate Commerce Commission, Wash- 
ington, 

Adams, C. A. (FE), Consulting Engineer, The 
Edward G. Budd Mfg. Co., 25th & Hunt- 
ing Park Ave., Philadelphia, Pa. 

Adams, C. H. (C), Salesman, Air Reduction 
Sales Co.; (Res.) 810 E. Belvedere Ave., 
Baltimore, Md. 

Adams, Charles O. (C), Welding Engineer, 
Delco Products Division of General 
Motors; (Res.) 615 West Fairview Ave., 
Dayton, Ohio. 

Adams, David (B), Foreman, Hurley Ma- 
chine Shop; (Res.) 3115 Grand Blvd., 
Brookfield, Il. 

Adams, Ernest N. (C), District Engineer, 
American Inst. of Steel Construction; 
(Res.) 192 Chandler St., Worcester, Mass. 

Adams, Gale (B), Supervisor of Welding, 
Goodman Mfg. Co., 4834 So. Halsted St., 
Chicago, Ill. 

Adams, John (C), Welding Instructor, New 
York Trade School, 304-326 E. 67th St., 
New York, N. Y. 

Adams, Julien W. (C), Consulting Engineer, 
Goslin-Birmingham Mfg., Co.; (Res.) 209 
North 52nd St., Birmingham, Alabama. 


Adams, Robt. C. (D), Welder, Norberg 
Mfg. Co.; (Res.) 2948 So. Wentworth 
Ave., Milwaukee, Wis. 

Adcock, Ralph K. (C), Field Foreman, 
Western Pipe & Steel Co.; (Res.) 1154 8S. 
Bonnie Beach Pl., Los Angeles, Calif. 

Adelson, J. S. (C), Chief Metallurgist, 
Steel & Tubes Div., Republic Steel Corp., 
224 E. 131st St., Cleveland, Ohio. 

Adelson, S. S. (B), Specialist, Wilson Welder 
and Metals Co. Inc.; (Res.) 61 Huntting 
Drive, Dumont, N. J. 


Adler, Robert (C), Steel Broker, Adler Steel 
Products Company, 310 Thorpe Building, 
Minneapolis, Minnesota. 


Adsit, Edwin A. (1D), Electric Welder, Solvay 
Process Co.; (Res.) 6 Morse Ave., Groton, 
Conn. 


Agusto, John (D), W. C. Sykes & Co.: 
(Res.) 163 Atkinson St., Rochester, N. Y. 

Ahliston, A. C. (C), Chief Mech. Engr., Vic- 
torian Railways, Spencer St., Melbourne 
C 1, Australia. 

Akers, Arthur W. (C), Director, Technicians 
Institute, 244 West 14 St., New York, 


Akey, R. P. (B), Supt., Hobbs Mfg. Co., 
Box 1568, Fort Worth, Texas. 


Akins, Clifford M. (B), Vice-President, 
Marquette Manufacturing Co., Inc., Min- 
neapolis, Minnesota. 


Albans, Thos. A. (D), Electric Welder, Tide 
Water Assoc. Oil Co.; (Res.) 42 Wall St., 
Cranford, N. J. 

Alberti, William (D), Welder, Atlas Steel 
Barrell Corp.; (Res.) 135 West Sth Ave., 
Roselle, N. J. 

Aldrich, Robert H. (C), Ass't.-Eng. Dep't. 
Dir. of Maintenance, Allen Electric & 
Equipment Co., 2101 N. Pitcher St., Kal- 
amazoo, Mich. 

Aldrich, Wm. (B), Representative, Metal & 
Thermit Corp., East Grand Ave., South 
San Francisco, Calif. 

Aldrich, W. H. (C), The Cleveland Elect. 
Illum. Co., 75 Publie Square, Cleveland, 
Ohio. 

Alessandro, N. D. (C), Welding & Cutting 
Equip. Co., 51-53 So. Sth St.. Newark, 
N. J. 
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Alexander, Chas. E. (C), Owner & Manager 
Alexander Welding Co.; (Res.) 463 E 
Main St., Patchogue, N. Y. 

Alexander, Jas. F. (C), Superintendent, The 
Wheland Company; (Res.) 813 Barton 
Avenue, Chattanooga, Tennessee. 

Alhart, G G. (D), Welding Superviser, Texas 
Iron Works; (Res.) 724 W. Cottage Av: 
Houston, Texas. 

Alison, R. G. (B), Sales Engineer, Lincoln 
Elec. Co. of Canada, Ltd., 65 Bellwoods 
Ave., Toronto, Ont., Canada. 

Allan, Edwin (B), President, Allan Iron & 
Welding Works Ince., 133 Murray &t 
Rochester, N. Y. 

Allen, Ben H. (C), Plate Shop Foreman 
Mosher Steel Co., 4845 Yale St., Houston, 
Texas. 

Allen, Clayton M. (C), Electrical Engineer 
Los Angeles Bureau of Power and Light 
Box 3669 Terminal Annex, Los Angeles 
Calif. 

Allen, Charles W. (C), Fabrication & Weld- 
ing Supervisor, S. Morgan Smith Co.; 
(Res.) 221 8S. Albemarle St., York, Pa 

Allen, Frank M. (C), President, Steel Engi- 
neers Co., Box 784, Salt Lake City, Utah 

Allen, Franklin T. (D), Flame Cutter, Fair- 
banks Morse & Co.; (Res.) 644 Park Ave 
Beloit, Wis. 

Allen, Guy F. (B), Structural Engineer 
Detroit Edison Co.; (Res.) 220 California 
Ave., Royal Oak, Mica. 

Allen, Herschel H. (C), Consulting Engineer 
J. E. Greiner Co., 1201 St. Paul St., Balt 
more, Md. 

Allen, Leslie (B), Manager of Works, Bethle- 
hem Steel Company, 1224 Oliver Bidg 
Pittsburgh, Pa. 

Allen, Terrance (C), Factory Mer., Taylor 
Winfield Corp. (Fabricating Div.), 15120 
Woodward Ave., Detroit, Mich. 

Allina, Alfred (C), President, Alpha Tank & 
Sheet Metal Mfg. Co., 5001 S. 38th St. 
St. Louis, Mo. 

Alpaugh, James (D), Student Welder, Nat! 
Inst.; (Res.) 618 Fulton St., Elizabeth 

Alpaugh, Lauson (B), Taylor-Wharton Iron 
& Steel Co., High Bridge, N. J. 

Alt, Wm. (D), Taylor Forge & Pipe Works 
(Res.) 1437 N. Long Ave., Chicago, I!! 
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ames, Ethan E. (C), John A. Roebling’s 
Sons Co., 701 St. Clair, N. E., Cleveland, 
Ohi 

Ames, ~~ (C), Supervisor Applied Eng. 
Dept., Air Reduction Sales Co.; 1116 
Ridge Ave., Pittsburgh, Pa. 

Ames, M. S. (C), Foreman, % Leeds & 
Northrup Co., 4901 Stenton Ave., Phila- 
delphi a, Pa. 

Ames, W. B., Jr. (C), 618 W. Buffalo, Ithaca, 
N. Y. 


Amirikian, A. (C), Designing Engineer, 
Navy Dept., Bureau of Yards & Docks; 
Res.) 6526 Western Ave., Chevy Chase, 
Md 

Amundsen, E. S. (C), General Manager, 
Trades Training Inc., 2744 Nicollet Ave. 
So., Minneapolis, Minn. 

Anchor, Charles J. (C), Shop Engineer, 
American Car & Foundry Co., Babcock 
St. Office, Buffalo, N. Y. 

Anchors, Edward H. (C), 
homa City District, 

o., P. O. Box 2457, 
Oklahoma City, Okla. 

Andersen, C. S. (D), Supt., 
& Iron Co., Warren, Pa. 

Andersen, G. M. (C), Engineer, Structure & 
Bidgs., Chicago Rapid Transit Co., Rm. 
1240, 72 W. Adams St., Chicago, Il. 

Andersen, H. M. (B), Instructor of Welding, 
Morton High School; (Res.) 2209 So. 
6lst Court, Cicero, Ill. 

Andersen, Karl M. (D), Welder, Federal 
Ship Building & Dry Dock Co.; (Res.) 
23 Myrtle Ave., Metuchen, N. J 

Anderson, Alex. A. S. M. (B), Engineer, 
Onamea Sugar Co., Papaikou, Hawaii. 

Anderson, Arthur R. (C), Research Asso- 
ciate, Mass. Inst. of Tech., Cambridge, 
Mass. 

Andersen, E. D. (C), District Manager, The 
Lincoln Electric Co., 1818 Main St., 
Kansas City, Missouri. 

Anderson, E. J. (C), Supervisor, York Ice 
Machinery Corp., Route 4, York, Pa. 

Anderson, H. (D), Asst. Foreman, Whiting 
Corp., Route 3, Chesterton, Ind. 

Anderson, Harry (DD), Welder, Great Lakes 
- Co; (Res.) Route 2, Blue Island, 
ll. 


Manager, Okla- 
Air Reduction Sales 
Stock Yard Station, 


Penn. Furnace 


Anderson, Ivar L. (B), Welding Instructor, 
Pullman St., Car Mfg. Co.; (Res.) 724 
Washington St., Michigan City, Indiana. 

Anderson, James L. (B), Manager, Engineer- 
ing Research Dept., Air Reduction Sales 
Co., 60 East 42nd St., New York, N. Y. 

Anderson, Karl H. (D), 2111 Myra S8t., 
Jacksonville, Fla. 

Anderson, Louis (D), Welder, Cities Oil & 
Refg. Co.; (Res.) 711 E. Cleveland 
Ponca City, Okla. 


Anderson, Paul (D), Maintenance Me- 
chanic, Okla. Gas & Elec. Co.; (Res.) 
148. E. 34th St., Oklahoma City, Okla. 


Anderson, Robert L. (C), Engineer (Struc- 
tural), Navy Dept. (Bureau Yards & 
Docks); (Res.) 4322—18th St., N. Arling- 
ton, Va. 


Anderson, Tom (C), Local Representative, 
The Linde Air Products Co.; (Res.) 3718 
N. Shartel, Oklahoma City, Okla. 

Anderson, Uno (D), Elec. Welder, Star 
Elec. Motor Co.: (Res.) 746 Elm S8t., 
Arlington, N. J. 

Anderson, Walter (B), Vice-President, The 
Taylor-Winfield Corp., 2857 E. Grand 
Bivd., Detroit, Mich. 

Anderson, Wm. M. (C 
Steel Tank Co., 
City, Mo. 

Anderson, W. L. (1D), Welder, Penn. R. R. 
Co.; (Res.) 412 Wolf Ave., Chambers- 
burg, Pa 

Anderton, James T. (C), Leadingman 
Welder, Navy Yard; (Res.) Navy Y. M. 
C. A., 167 mg St. . Brooklyn, N. ¥. 

(D). Welder, Phillips Petro- 
leum Co.; (Ree) 2931 N. 12th St., Kansas 
City, Kans. 

F. H. (C 
den, N. J. 


Columbian 
12th St., Kansas 


), Supt., 
1509 W. 


, 80 Raritan Road, Lin- 
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Andrews, James (C), Welder, International 
Refining Co.; (Res.) Box 24, Sunburst, 


Montana. 

Anker, Raymond H. (D), Welder, Getz 
Power Washer Co.; (Res.) Morton, 
Tilinois. 

Anthony, Chas. C. (C), Vice-President, 


Byrne Doors Inc., 1223 Conn. Ave., N. W., 
Washington, D. C. 

Anspaugh, Eldon (D), Welder & Heat 
Treater, Hause Valve Co.; (Res.) 419 E 


Lawrence St., Montpelier, Ohio 

Appel, Leonard A. (DD), New England Weld- 
ing Labs., 88 St. Stephens St Boston, 
Mass. 

Applegate, C. W. (1D), 
Denver, Colo. 

Arbella, Edward (1D), Are 
Co.; (Res.) 202 E. 
kee, Wis. 

Archer, Fred C. (C), 
Lincoln Electric Co., 
Milwaukee, Wis. 

Armstrong, C. D. (1D), Welder: 
W. 76th St., Los Angeles, Calif. 

Armstrong, C. H. (B), Edge 
Works; (Res.) 62 Clark St., 
N. J 


1041 So. Dow ning, 


W elder 
Keefe Ave 


Oilgear 


, Milwau- 


District 
1560 W. 


Manager, 
Pierce St.., 


(Res.) 141 


Moor Iron 


Glen Ridge, 


Armstrong, Robert J. (1D), Welder, 
solidated Edison Co.; (Res.) 
Ave., Bronx, N. Y. 

Armstrong, R. M. (B), District Representa- 
tive, Machinery «& Welder Corp., 312 N. 
Loomis St., Chicago, 

Arnoldy, R. F. (C 
Air Prod. Co., 
Texas. 

Arnott, David (A), Vice-President & Chief 
Surveyor, American Bureau of Shipping, 
24 Old Slip, New York, N. Y. 

Art, Vernon (C), Welding Dem., 
Mfg. Co.: (Res.) 155 E. 
Columbus, Ohio. 

Arterburn, C. B. (B), Welding Engineer, 
American Air Filter Co., 215 Central 

e., Louisville, Ky. 

Arthur, Guy B., Jr. (B), Industrial Relations 
Mer., R. G. Le Tourneau, Inc.; (Res.) 
Box 8, Toccoa, Georgia. 

Artler, Edward R. (F), So. Co. Welder, 14910 
Triskett Rd., Cleveland, Ohio. 

Aschenbrenner, F. J. (B), Research Engi- 
neer, Acrods Corp., P. O. Box D, Spar- 
rows Point, Md. 

Aschinger, W. P. (D), 
Milling Mach. Co.:; 
Ave., Cincinnati, Ohio. 

Ashby, I. F. (B), Construction Engineer, 
Williams Bros. Corp.; (Res.) 212 W. 32nd 
St., Houston, Texas. 

Ashcroft, Robt. B. (D), Elec. 
ler Co.; (Res.) 899 Culver Rd., Apt. 208, 
Rochester, N. Y. 

Ashley, C. C. (B), Engr., She A Oil Co., 100 
Bush St., San Francisco, C 

Ashley, Charles H. (D), il 
Machine & Iron Co. Inc., 
Sts., Kingston, N. Y. 

Ashton, Frank W. (C), 

S. Engineers, 


Roc k Island, 


Ashton, Ned L. (B), 
Howard-Needles & 


more Ave., 


Con- 
2989 Marion 


. District Engr., The Linde 
6119 Harrisburg, Houston, 


Jeffrey 
Northwood Ave., 


Welder, 
(Res.) 


Cincinnati 
4204 Verne 


Welder, Pfaud- 


Welding 
Henry & Sterling 


Assistant Engineer, 
Clock Tower Bldg., 


Chief Designer, Ash- 
Tammen, 1012 Balti- 
Kansas City, Mo. 

Atmore Guy D. (C), Salesman, Air Redue- 
tion Sales Co., 401 Santa Barbara St., 
Santa Paula, Calif. 

Atwood, G. H. (C 
Crane & Bridge 
(Res.) Maple St. 
Coraopolis, Pa. 

Auld, Samuel (C), Shop Supt., Leach Steel 
Corp., P. O. Box, 744, Rochester, N. Y 


Aurbach, Lester P. (B), Editor, Industry & 
Welding, 812 Huron Rd., Cleveiand, Ohio. 

Auringer, J. A. (B), Chief Structural Engr. 
H. A. Fulton & A. R. McCreary, Arch. & 
Eng.; (Res.) 9807 Clifton Rd. N. W., 
Cleveland, Ohio 

Austin, Byron B. (1D), Resistance Welding 
Engineer, Pontiac Motor, Div. of G. M.; 


Engr. in Charge of 
Depts., Dravo Corp.; 
Extension, Route 2, 


ALPHABETICAL LIST OF MEMBERS 


(Res.) 156 W 
Mich. 

Austin, Herbert G. (C), Dist 
Lukenweld, Inc., 131 State St., Bostor 
Maas. 

Austin, 
Republic Welding & Flame Cutting Co 
Res 1021 
Heights, Ohio. 

Austin, 


Colgate Ave Pontiac, 


Sales Mer 


Engineer 


John B. (C), Welding 
Nela View Rd., 


Cleveland 


Senica B. ((), Welder. Panama 


‘anal Dept., Box 926, Balboa, Canal 
Zone. 
Austin, Stephen A. Shop foreman, 


Welder, 
(Res.) 2821 Starr Street, Lincoln, Nel 


Austin Advertising Company; 


Axline, R. A. (C), President Motallisin 
Engrg. Co., 21-07 fist Ave., Long Island 
City, N. Y. 

Axtell, Howell B. (1D), Development Engi 
neer, Taylor-Winfield Corp Res.) 1320 


Babbitt, C. A. (( 
torn Pipe & Steel Co., (Res.) 5717 Santa 


Trumbull, 8. E., Warren, Ohio 


B 


Welding reman, Wes- 


Ave., Los Angeles, Calif 


Babbitt, Ralph C. (PD), Student Welder, 
National Institute; (Res.) 24 Cutler St 
Morristown, N 

Babin, John (C Metallurgical Engr 


Chase Brass & Copper Co., Inc 
bury, Conn. 

Bach, A. Dudley (B), 
land Metallurgical Corp., 9 Alger St., So. 
Boston, Mass. 

Backus, 

‘arnegie-Illinois Steel Corp., 
Dept., 

Bacon, Harold (1D), 
Corp.; (Res.) 
Chicago, Il. 

Bacon, 
Martinez Refinery 
tinez, Calif. 

Badgett, Stephen H. (© 


Water- 


President, New Eng- 


Thomas, Jr. (B), Asst. Supt., 
Mechanical 
Youngstown, Ohio 
Welder 


6260 Stony 


, Electro Motive 
Island Ave., 


Russel R. (B), Chief Engineer 
Shell Oil Co., Mar- 


Engineer, Pressed 


Steel Car Co.” (Res.) 7302 Church Ave., 
Ben Avon, Pittsburgh, Pa. 
Baer, Chester D), Welder, Frick Co 
(Res.) Route 2, Waynesboro, Pa 
Bagdasarian, Bartev Der. (3 Manager, 


Worcester Welding W orks, 17 Central St 
Worcester, Mass. 

Bagsar, 
Engineer, Sun Oil Co., Maré 


A. B. B), Chief Metallurgical 


us Hook, Pa. 


Bailey, E. C. (C), Field Engr., Common- 


wealth 
Chicago, Ill 
Bailey, O. A. (B), Chief 
Bridge & Iron Co., 1305 W 
Chicago, Il. 
Bailey, Robert P. (C 
General Electric Co., 5950 Third Ave., 


Edison Co., 72 W. Adams 8St., 


I ngineer Chicago 
105th St., 


, Shop Superintendent, 


Detroit, Mich. 

Bailey, Stewart V. (1D), Electric Welder, 
York Safe & Lock Co Res 7245 New- 
berry St., York, Pa. 


Bailie, Harold E. (B), 
Nordberg Mfg Co., 
sin. 


Baillon, Paul V. (C 


sons Co., 
St. Paul, Minn. 
Bain, George (C 
tric Co., 1818 Main St., 
Missouri. 
Bainbridge, C. G. (B), 


Welding 8S ipervisor 
Milwaukee W iscon- 


, Salesman, B. W. Par 
1315 Minn. Mutual Life Bldg., 


Salesman, Lincoln Elee- 
Kansas City, 


Manager, Technical 
rvice Dept., The British Oxygen Co., 


Ltd., Thames House, Millbank, 8. W. 1, 
England, 
Baines, Harry C. 


Welder, Mack Mfg 


Co.: (Res.) 1234 Tilghman St., Allen- 
town, Pa. 
Baker, David (CC), Production Mgr., Hugh 


Baker & Co., P. O. Box 892, Indianapo- 


lis, Indiana. 


Baker, H. U. (B), Engineer, Roscoe Moss 
Co., Box 64, Station A Los Angeles, Calif 
Baker, W. B. (B), General Manager, Una 


Welding, Inc., 
land, Ohio. 


1615 Collamer Rd., Cleve- 


Balkcom, E. E. (C), Owner, Acme Welding 


Company, 619 Broadway, Macon, Georgia 
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Ball, D 
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Benneche, Willard R. (D), Inspector of 
Machine Work, International Engineering 


& Inspecting Corp.; (Res.) 355 Main St., 

Metuchen, N. J 

Bennett, Arthur A. (C), Owner, Bennett 
Machine & Welding Works, Caldwell, 
Idaho 

Bennett, F. C. (C), Atlantic Gulf & Pacific 
Co. of Manila, P. O. Box 626, Manila, P. I. 

Bennett, Morris (D), Student Welder, 
National Institute; (Res.) 55 Chestnut 
st.. E. Orange, N. J 

Bennett, William (B), Principal Surveyor 
U.S. A. & Canada), Lloyd's Register of 
Shipping, 17 Battery Place, New York, 
N. ¥ 

Bentley, Harold P. (B), President, Bentley 
Weldery Inc., Teall Ave., & Riegel St., 
Syracuse, N. Y. 

Berg, Fred (B), Hobson-McFarland Tractor 
Co., 2131 Washington St., Kansas City, 
Mo. 

Bergmann, Frank (C), Welder, Stacy’s 
Gas Construction; (Res.) 922 Enright 
Ave., Price Hill, Cincinnati, Ohio. 

Berkeley, L. R. (C), Yorktown, Va. 

Bernard, Frank M. (C), Welding Supervisor, 
Westinghouse Electric Co., 306 Fourth 
Ave., Pittsburgh, Pa. 

Bergmann, J. R. (B), P. O. Box 44, Cleves, 
Ohio. 

Berry, Edwin (D), Welder, Southern Pacific 
R. R. Co.; (Res.) 1520 Arcade Blvd., 
Sacramento, Calif. 

Berry, Elmo (D), Electric Are & Oxyacety- 
lene Operator, Bethlehem Steel Co.; 
Res.) Louisa, Ky. 

Bert, John D. (C), Welding Engr., Navy 
Dept.; (Res.) 2625—18th St. N., Arling- 
ton, Va. 

Bertelsen, Linn (D), Operator, National 
Supply Co.; (Res.) 510 N. Poinsettia 
St., Compton, Calif. 

Bertola, P. H. (B), Welding Engineer, 
Harnischfeger Corp., 82 Beale St., San 
Francisco, Calif. 

Beveridge, Edwin F. (C), Assistant Shop 
Foreman, Motor Center; (Res.) 2519 Eye 
St., Bakersfield, Calif. 

Beyer, Edwin R. (F), Student, Ohio State 
Univ.; (Res.) 29 W. Frambes Ave., 
Columbus, Ohio. 

Best, Frank A. (B), President, Backstay 
Standard Co., 813 Mercer St., Windsor, 
Ont., Canada. 

Beyer, G. Gilbert (C), Manager, Htg. Dept., 
Optenberg Iron Works, P. O. Box 144, 
Sheboygan, Wisconsin. 

Bhagat, N. B. (A), Prop. & Engr., Bhagat & 
Son, Siwri Fort Rd., Bombay 15, India. 
Bibber, Leon C. (A), Welding Engineer, 
Carnegie-Illinois Steel Corp., Carnegie 

Bidg., Pittsburgh, Pa. 

Biedermann, Harry (C), Acetylene & Weld- 
ing Equipment Co., 38 Newton Bivd., 
Freeport, N. Y. 

Biery, Albert A. (ID), Welder, Cincinnati 
Gas & Electric Company; (Res.) 428 8. 
Miami Ave., Cleves, Ohio. 

Bieszk, Anthony (B), Joint Owner, Bieszk 
Brothers Company, 37705 Plymouth Road, 
Plymouth, Mich. 

Biever, E. J. (B), Chief Mechanical Engineer, 
Kohler Co., Kohler, Wisconsin. 

Binck, Arthur S. (D), Inspector, General 
Electric Co.; (Res.) 520 Riverside Ave., 
Scotia, N. Y 

Bingaman, Roy (D), Welder, York Ice Ma- 
chinery Corp.; (Res.) 120 N. Queen St., 
York, Pa. 

Bird, George T. (B), President, Bird-Potts 
Co., Ine., 376 Marietta St., N. W., At- 
lanta, Georgia. 

Birkholz, John H. (C), Asst. Foreman, Pipe 
Fabricating Shop, Bethlehem Steel Co.; 

tes.) 613 E St., Sparrows Point, Md. 

Birnie, Albert W. (C), Welder, Fitchburg 

Paper Co.; (Res.) 5 Oxford St., Fitch- 


burg, Mass. 

Bisbee, D. P. (C), Production Manager, 
Rheem Manufacturing Co., 4361 Fire- 
stone Blvd., South Gate, Calif. 
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Bissell, A. G. (B), Senior Welding Engineer, 
Bureau of Ships, Navy Dept., Washing- 
ton, D. C. 

Bissell, Kenneth B. (C), Welding Engineer, 
American Brass Co.; (Res.) 50 Maple St., 
Milford, Conn. 

Bittner, Henry (C), Foreman, Nash Engi- 
neering Co., South Norwalk, Conn. 

Bjornstad, C. I. (C), Sales Engineer, Har- 
nischfeger Corp.; (Res.) 3400—Ist Ave. 
So., Minneapolis, Minn. 

Black, A. B. (D), Operator, Atlantic Gulf & 
Pacific Co., 77-79 Muelle De La Indus- 
tria, Manila, Philippines. 

Black, J. Nelson (C), Welding Specialist, 
General Electric Co., 215 W. 3rd St., 
Cincinnati, Ohio. 

Black, William A. (B), Chief Elec. Eng., 
Steel and Tubes Div., Republic Steel 
Corp., 224 E. 131st St., Cleveland, Ohio. 

Black, William A. (D), Weider, Dept. Water- 
Power-Light, City of Los Angeles, Calif.; 
(Res.) 6026 Faleon Ave., Long Beach, 
Calif. 

Blackburn, Bryan (C), Engineer, R. D. Cole 
Mfg. Co., Newman, Ga. 

Blackman, E. N. (D), Welder, Dunlap Weld- 
ing & Bit Works; (Res.) 10 Alexander 
St., Bakersfield, Calif. 

Blackmore, F. L. (C), Ruth, Nevada. 

Blair, Vaughn B. (D), Welder, Western Pipe 
& Steel Co.; (Res.) 921 Chestnut St., 
Oakland, Calif. 

Blake, J. Albert (B), Sales Engr., William & 
Co. Inc.; (Res.) West Run Road, Mun- 
hall, Pa. 

Blake, James C. (C), Vice-Pres. & Los 
Angeles Megr., Victor Equipment Co., 
3821 Santa Fe Ave., Los Angeles, Calif. 

Blake, J. W. (D), Mech. Engineer, Oklahoma 
Gas & Elec. Co., 3rd & Harvey, Oklahoma 
City, Okla. 

Blakely, R. A. (C), Sales Manager, National 
Cylinder Gas Co., 541 Seneca St., Buffalo, 
N. 


Blakeney, Lewis B. (C), Sales Engineer, 
Westinghouse Elec. & Mfg. Co., 207 North 
3rd St., Cincinnati, Ohio. 

Blakey, Robert M. (D), Welder, U.S. Navy 
Yard, Washington, D. C.; (Res.) 3718 
Beehler Ave., Baltimore, Maryland. 


Blanchard, Jules R. (C), Welding Instruc- 
tor, Shawinigan, Technical Institute and 
Welding Superviser for Shawinigan Chemi- 
cals Co., Shawinigan Falls, Quebec, Can- 
ada. 


Bland, George O. (C), Service & Demon- 
strating Engr., Hill Equipment & Engi- 
neering Co., 4135 Gratiot St., St. Louis, 
Mo. 


Blankenbuehler, John (B), Designing Engi- 
neer, Westinghouse Electric & Mfg. Co.; 
(Res.) 234 Lehigh St.; Swissvale P. O., 
Pittsburgh, Pa. 

Blanton, John W. (D), Electric Welder, 
Navy Yard; (Res.) 7007 Wake Forest 
Drive, College Park, Md. 

Blazey, John (D), Repair Shop; Res.) 
Palmyra, N. Y. 

Bleecker, Kenneth B. (B), Sales Engineer, 
Page Steel & Wire Div., American Chain 
& Cable Co., 230 Park Ave., New York, 

Bleecker, Wm. H. (A), Sales Manager, 
Page Steel and Wire Division of American 
Chain & Cable Company, Inc., Monessen, 
Penna. 

Bleikamp, C. E. (C), Executive Asst., St. 
Louis Car Co., St. Louis, Mo. 

Blenckstone, Frederick (C), Salesman, Na- 
tional Cylinder Gas Co., 2136—S5th St., 
North Bergen, N. J. 

Blennerhassett, L. I. (C), Engineer, C. F. 
Braun & Co., 1000 South Fremont Ave., 
Alhambra, Calif. 

Blesi, John E. (D), Serviceman, Air Reduc- 
tion Sales Co., 2825 N. 29th Ave., Bir- 
mingham, Ala. 

Blickman, Saul (B), President, S. Blickman, 
Inc., 536 Gregory Ave., Weehawken, N. J. 


ALPHABETICAL LIST OF MEMBERS 


Blind, J. George (B), Supt., Midwest Piping 
and Supply Co., Inc., 5 Central Ave., 
Clifton, N. J 

Blodgett, Omer (F), 1410 E. 5th St., Duluth, 
Minn. 

Blomberg, M. (B), Car Body Engr., Electro- 
Motive Corp., La Grange, Il! 

Bloodgood, C. M. (C 


, Sales Manager Pacific 


Coast. Air Reduction Sales Co 1813 
Mills Tower, San Francisco, Calif 
Bloom, Carl A. (1D), Welder, Western Pipe 


& Steel Co.: Res 
Burlingame, Calif. 

Blossom, D. E. (D), Welder, Blossom & Co., 
4 Otis St., P. O. Box 945, Manila, P. I 

Bloxton, C. R. (C), Dist. Engineer, American 
Inst of Steel Constr., 405 Bona-Allan 
Bldg., Atlanta, Ga 

Blum, Harold P. (C), District Sales Manager, 
Una Welding, Inc.; (Res.) 3329 Daleford 
Rd., Shaker Heights, Ohio 

Blurton, C. O. (D), Operator, Black Sivalls & 
Bryson Inc.; (Res.) 1504 8S. W. 27th, 
Oklahoma City, Okla. 

Boardman, Harry C. (B), Research Engineer, 
Chicago Bridge & Iron Co Res.) 10357 
S. Hoyne Ave., Chicago, Lil 

Bock, Chas. F., Jr. (C Leader, Federal 
Shipbldg. & Dry Dock Co.; Res 23 
Roosevelt Ave., Jersey City, N. J. 

Bockemohle, C. L. A. (C), Structural Engi- 
neer, Los Angeles Union Passenger Ter- 
minal; (Res.) 3164 Hill St., Huntington 
Park, Calif. 

Bodin, C. E. (C), 214 Goodrich Ave., St. 
Paul, Minn. 

Boeck, R. E. (C), Welding Engineer, Worden 
Allen Co.; (Res.) 3889 No. 4th St., Mil- 
waukee, Wis. 

Boehm, W. A. (D), Electric Welder, 1805 
Broadway, Schenectady, N. Y 

Boehmke, Arthur H. (C), Are Welder, Kilby 
Mfg. Co.; (Res.) 1548 Olivewood Ave., 
Lakewood, Ohio. 

Boetcher, Hans "Nielsen (©), Asst. to Supt. 
of Power Production Stations, Consol 
Gas, Electric Light & Power Co., Westport 
Steam Station, Baltimore, Md 

Boettner, Fred W. (C), Foreman, Optenberg 
Iron Works: (Res. 1603 Illinow Ave i 
Sheboygan, W is. 

Boggs, Robert W. (B), General Publicity 
Department, Union Carbide Company, 
Room 308, 30 East 42nd St., New York 


744 Neuchatel Ave., 


Bogh, Waldemar (1D), Welder, San Antonio 
Gold-Mines, Ltd.; (Res.) Bissett, Man 
Canada. 

Boian, Wilbur O. (B), Engineer, Pittsburgh- 
Des Moines Steel Co., 1015 Tuttle St., 
Des Moines, Iowa 

Bolaskey, Frank (B), Owner, Bennett & 
Bolaskey, 209 Main St., Beacon, N. Y. 

Boley, Frederick W. (C), Salesman, Air 
Reduction Sales Co., General Delivery 
Michigan City, Ind. 

Bollenbach, Willard M. (B), Pres. and Treas.; 
Edward E. Johnson, Inc., 2504 Long Ave., 
St. Paul, Minn. 

Bollin, Edward F. C), Foreman Buffalo 
Fdry. & Mach. Co rt 
Road, Buffalo, N \ 

Bollinger, J. Gale (C), Asst. Sales Manager, 


Air Reduction Sales Co., Park & Halleck 


Sts., Emeryville, Calif 


Bolte, Frank B. (B), Process Engr., Boeing 
Aircraft Co.; (Res.) 1712 Summit A 
Seattle, W ash. 

Boncher, Harry P. (D), Welding Foreman, 
A. O. Smith Corp Res.) 4042 N. 25th 


St.,. Milwaukee, Wis 

Bond, Frank A. (A), Vice-President, The 
McKay Company, 1005 Liberty Ave 
Pittsburgh, Pa 

Boniewski, Edward F. 760 
Perth Amboy, N. J. 

Bonge, Albert J. (D), Job Shop Mechanic, 
Welder, Lemmen s Gar age and service 
Sta., West 17th St it. 6. Holland, Mich 

Bonnett, B. (D), 
(Res.)} 937 Moy Ave., Windsor, Ont., 
Canada. 


Welder, Ford Motor Co.; 
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Boom, W. B. (B), President & General 
Manager, Boom Boiler & Welding Co., 
2313 Elm 8t., Cleveland, Ohio. 

Booth, Henry (A), Vice-President, Shawin- 
igan Products Corporation, Empire State 
Building, New ge N. 

Booth, Theodore H. ((), Asst. Supt., Wal- 
worth Co., Pa. 

Borcherdt, Walter O., Jr. (B), Mechanical 
50 Darmouth Rd., Mountain 
Lakes, N. J. 

Borkler, Chas. (1D), Welder, R. G. Le Tour- 
neau, Inc.; (Res.) 142 Mt. Clair, Peoria, 
Ill. 

Borne, Floyd O. (C), Assoc. Engineer, U. S 
Engineers, 615 Commerce Bldg., St. Paul, 
Minn. 

Borner, Fred ((), Welder, A. Bellon Iron 
Works, Rockaway Beach; (Res.); 17-18th 
Road, Broad Channel, N. Y. 

Bornschein, John-Franklin (B), President, 
International Trades Institute, 741 West 
70th St., Chicago, Ill. 

Borresen, William Y. (B), Plant Superintend- 
ent, W. K. Mitchell & Co., Ine., 2940 
Ellsworth St., Philadelphia, Pa. 

Borst, G. E. (C), Manager, Phila. Office, 
Chicago Bridge & Iron Works, 1700 
Walnut St., Philadelphia, Pa. 

Borst, W. H. (C), Sales Engineer, Lincoln 
Electric Co.; (Res.) 52-111—79th St., 
Elmhurst, Long Island, N. Y. 

Borsum, Finn (C), Chief Clerk, Sveiseindus- 
tri, 15 Bentsebrogt, Oslo, Norway. 

Borton, George W. (C), Pres. and Gen. Mgr., 
Pennsylvania Crusher Co., 17th Floor, 
Liberty Trust Bldg., Philadelphia, Pa. 

Bos, John, Jr. (B), Vice-President, Bos- 
Hatten Inc.; (Res.) 60 Westfield Rd., 
Eggertsville, N. Y. 

Boschen, H. C. (C), Salesman, Natl. Cylinder 
Gas Co., 2136—S5th St., North Bergen, 
N. J. 

Bosse, E. M. (C), Jos. T. Ryerson & Son, 
5 Clinton St., St. Louis, Mo. 

Boswell, E. N. (B), om a American 
Locomotive Co., Dunkirk, N. Y. 

Bott, Harry (1D), Test W veg Sate rnational 
Nickel Co.; (Res.) 1236 Robert St., Hill- 
side, N. J. 

Botts, John (D), Welder, Weirton Steel Co., 
(Res.) R. D. 1, Weirton, W. Va. 

Bowen, Charles (C), Branch Mer., Big Three 


WwW elding Equipment Co. (Res.) 2409 
North Drexel, Oklahoma C ity, Okla. 


Bowen, Dexter P. (B), Weld. Insp. & C. E., 
Chicago Bridge & Iron Co.; (Res.) 87 
Elm Ave., Rahway, N. J. 

Bowers, F. M. (A), General Manager, The 
Fibre-Metal Products Co., 5th & Tilghman 
Sts., Chester, Pa. 

Boychuck, Mike (D), Welder, Ford Motor 
Co.; (Res.) 1321 Labadie Road, Windsor, 
Ont., Canada. 


Boyd, Douglas E. (B), Sales Engineer, Jos. 
T. Ryerson & Son, Inc., 645 St. Marks Ave. 
Westfield, N. J 

Boyd, Wilfred R. (B), Prop., Boyd Welding 
Co., 160 East Eighth St., Erie, Pa. 

Boyer, F. E. (D), Reed Roller Bit Co., 
Houston, Texas. 


Boyer, Thomas H. (C), Automatic Welding 
Unionweld Process, Sun Shipbldg. «& 
Dry Dock Co.; (Res.) 146 E. Main St., 
Coatesville, Pa. 


Boyes, Stanley (D), Are Weld operator, 
Dominion Rubber Co. R. M.8., Box 43, 
190 Park St., Kitchener, Ont., Canada. 

Boyle, Leo W. (C) Welding Foreman, Inter- 


national Harvester Co.; (Res.) 428—15th 
Ave., E. Moline, Ill. 

Boyle, Richard A. (I), Welder, General 
Electric Co.; (Res.) 7 Davis Court, Saugus, 
Mass. 

Bradbury L. George (C), Manager of Welding 
Dept., Hickinbotham Bros., Ltd., P. QO. 
Box 1730, Stockton, Calif. 

Bradfield, Geo. K. (C), Asst. Staff Mer., 
Johns-Manville Co., Woodward Bldg., 
15th & H Sts., N. W., Washington, D.C. 
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Bradley, Chas. E. (1D), Welder, Taylor Forge 
& Pipe Works Res.) 8035 Evans Ave., 
Grand Station, Chicago, Ill. 

Bradley, R. B. (C), Welding Sales Dem., 
Metal & Thermit Corp.; (Res.) 12813 
Wallace St., Chicago, Ill 

Bradshaw, A. (¢ Me Chief Inspector of Boilers, 
Government of Alberta; (Res.) 10534— 
126th St., Edmonton, Alberta, Canada. 

Edward (B), Vice-President & 

Gen. Megr., Alloy Rods Corp., 501 E. Pros- 
pect St. . York, Pa. 

Brague, William W. (B), Supt., Welding 
Dept., The Warren City Tank & Boiler 
Co.; (Res.) 432 Fairmont Ave., Warren, 
Ohio. 

Braisted, Melvin V. (1D), 9309—209th St., 
Queens Village, L. I., N. Y. 

Braihwaite, Alexander (€), Foreman of 
Welding Dept., Norton Co.; (Res.) 1 
Weelahka Place, Worcester, Mass. 

Braithwaite, R. G. (B), Welding Engineer, 
% Braithwaite & Co. Engrs., Ltd... Crown 
Bridge Works. West Bromwich, Stafford- 
shire, England. 

Bramley, Jack W. (1), Welder, Lincoln 
Electric Co.; (Res.) 1602 Carlyon Rd., 
E. Cleveland, Ohio. 


Brand, E. A. (C), Buffalo Niagara & Eastern 
Power Co., Electric Bldg., Buffalo, N. Y. 

Brandt, Elmer J. (B), Supt., Hevi Duty Elec. 
Co., 4212 W. Highland Blvd., Milwaukee, 
Wis. 

Brandt, H. L. (C), Welder, Freeport Sul- 
phur Co., Diamond, La 

Brannaka, Tom (1D), Brannaka Welding Co., 
16 Locust St., Williamsport, Pa. 

Brasfield, James E. (C), Student Engr., 
Combustion Engrg. Co., 1032 W. Main St., 
Chattanooga, Tenn. 

Brass, Eugene W. (B), Chief = eeu 
Buffalo Tank Corp., Dunellen, N. 

Braun, Ben N. (C), Treas., Midland ‘Sivee- 
tural Steel Co.; (Res.) 1300 8. 54th Ave., 
Cicero, Til 

Braun, E. W. (B), Sales, The Linde Air 
Products Co., 1001 So. 22nd St., Birming- 
ham, Ala. 

Brauson, Irvin (1), Welder, Mid. Cont. 
Pet. Corp.; (Res.) 709 N. Fauthus, Tulsa, 
Okla. 

Breese, Clayton D. (C), President, The 
Breese Bros. Co., 2347 Reading Road, 
Cincinnati, Ohio. 

Brehm, Elmer (D), Welder, Sheboygan 
County Highway Dept.; (Res.) 1722 
Garden Court, Sheboygan, Wis. 

Brekelbaum, Erwin (B), Welding Super- 
intendent, Harnischfeger Corp.: (Res.) 
3319 No. 52nd St., Milwaukee, Wis. 

Brekken, Obert J. (D), Welder Operator, 
Bureau of Biological Survey, Carpio, N. 
Dak. 


Brendle, Russell W. (B), Welding Supervisor, 
Great Lakes Engineering Works, River 
Rouge, Mich.; (Res.) 15439 Cleveland 
Ave., Allen Park, Mich. 


Brenner, Sebastian K. A. (D), Welder, 
Phila. Navy Yard; (Res.) 1616 Wingo- 
hocking St., Phila., Pa. 


Brett, Geo. S. (C), Asst. Sales Manager, 
A. M. Castle Co., 32 W. Conn St., Seattle, 
Wash. 


Brewer, W. D. (C), Chief Engineer, Okla. 
Gas & Elect. Co., Lincoln-Beer Bower Sta., 
Ponca City, Okla: (Res.) 5125 Belle Isle 
Ave., Oklahoma City, Okla. 

Brewster, M. W. (B), Welding Supervisor, 
Westinghouse Elec. & Mfg. Co.; (Res.) 
7245 N. 21st St., Phila., Pa. 

Brezovsky, Charles (1D), Student, Haller 
Welding School: (Res.) 310 E. 136th St., 
New York, N. Y. 

Brickley, Earl M. (D), Elect. Welder, 
American Locomotive Co.; (Res.) 95 N. 
Allen St., N. Y. 


Bridges, W. R. , Foreman, Welding Dept., 
Despatch Shop, Inc., E. Rochester, N. Y. 

Briehl, Neil J. (C), Western Division Mgr., 
Una Welding Inc.; (Res.) 7016 East End 
Ave.. Chicago, Il. 
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Briggs, Clay (C), Chief Engineer 
Service Oil Company, Bartlesville, Ok), 

Brink, Harrison S. (B), Welding Supe: 
Western Pipe & Steel Shipyard: (Res 
1304 Jeneview Ave., San Bruno, Calif _ 

Brink, Harrison S., Jr. (D), Welding Cle, 
Western Pipe & Steel Shipyard Re 
1304 Jeneview Ave., San Bruno, Calif 

Britt, Oscar L. (C), Mech. Engineer, Ng. 
tional Bureau of Standards; Res 
6209—30th St... N. W., Washington, 1D. 

Britten, C. R. (B), Secretary, Monroe (a). 
culating Machine Company, 555 Mj 
St., Orange, N. J. 

Broadhurst, Chas. T. (C), Struct. Des 
Gibbs & Hill; (Res.) P. O. Box 64, W, 
dyke, N. J. 

Broadley, Charles V. (B), Supervising Eng 
neer, The Fidelity and Casualty Co. of 
N. Y., 122 South 4th St., Philade ‘Iphia, Pa 

Brocklebank, P. T. (B), Vice-President, J. Pp 
Devine Mfg. Co., Mt. Vernon, Ill 

Brooker, Edgar (C), Metallurgical Engine: 
U. S. Navy, 129 South Buchanan &s; 
Arlington, Va. 

Brooking, Walter J. (B), Director, Testing 4 
Research Dept., R. G. Le Tourneau, In 
(Res.) 855 W. Virginia Ave., Peoria, II! 

Brooks, G. Irving (C), Structural Engr 
The Panama Canal; (Res.) Box 96 
Balboa, C. Z. 

Brooks, Louis E. (C), Engineer, American 
Brake Shoe, Ramapo Ajax Div., Hillburr 


tchel 


Broski, M. Chester (D), Millwright Welde: 
Bethlehem Steel Co.; (Res.) 323 8. Corn- 
wall St., Baltimore, Md. 

Broughton, Thos. M. (F), Student, Ohio 
State Univ.; (Res.) 449 W. 5th Ave 
Columbus, Ohio. 

Brown, Alexander C., Jr. (C), Salesman, A 
Reduction Sales Co.; (Res.) 1421 Frankiir 
St., S. E., Grand Rapids, Mich. 

Brown, Arthur G. (C), Engineer, The He 
Co.; (Res.) 3278 So. Pennsylvania Ave 
Milwaukee, Wis. 

Brown, C. M. (B), J. B. Klein Iron & Fd 
Co., Oflahoma City, Okla. 


Brown, C. S. (D), Welder & Instructor, U.> 
Navy, U. S. S. Argonne, % Postmaster 
San Pedro, Calif. 

Brown, Edgar Burr (C), Salesman, The 
American Brass Co., 174 8S. Clark St 
Detroit, Mich. 

Brown, Frank (C), Estimator, Brown Bros 
Welding Co., 223 Main St., San Francise: 
Calif. 

Brown, Fred E. (C), Welding Foremar 
Bailey Meter Co.; (Res.) 7612 Avondat 
Ave., Garfield Hgts., Cleveland, Ohio 

Brown, Harold (D), Comb. Welder, Inter- 
national Harvester Co.; (Res.) 214 
Madison Ave., Indianapolis, Ind. 

Brown, Henry H. (C), Metallurgist, Eastman 
Kodak Co., Kodak Park Bldg. 23, Rocb- 
ester, N. Y. 

Brown, Irving C. (C), Gen. Sales Manager 
Thomson-Gibb Electric Welding © 
Lynn, Mass. 

Brown, J. G. (D), Welding Foreman, Atlantic 
Refining Company, 3144 Passyunk Avé 
Philadelphia, Pa. 

Brown, James S. (B), Shop Supervisor 
Dominion Welding Engrg. Co i 
(Res.) 77 Bicknell Ave., York, Toront 
Canada. 

Brown, Jesse J. (B), Elec. Engr., Box 155 
St. Michaels, Md. 


Brown, John A. (C), Foreman, Moore Dr) 
Dock Co.; (Res.) 1728 West St., Oaklane 
Calif. 

Brown, Leland (C), Vice-President, Darby 
i (Res.) 647 W. 59th St., Kansas 

‘ity, Mo. 

Beer Maurice J. E. (B), Salesman, | 
Engrg. Supply Co. Ltd.; (Res.) 10 Wallact 
Road, Durban, South Africa. 


Brown, Robt. F. (D), Student, Nat 
Institute; (Res.) 38 Inwood Road 
Chatham, N. J. 
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(D), Machinist & Welder, 


Brown, R. Earl 


Iohnson & Thomas Mach. Works; (Res.) 
2933 Sixth St., Riverside, Calif. 
Brown, Thomas R. (B), Engineer, The 


Stearns-Roger Mfg. Co., 1720 California 


St., Denver, Colo. 

Brown, Walter V. 
Steel Tank Co., 
Minneapolis, Minn. 

Browne, R. L. (B), Metal & Thermit Corp., 
75 State St., Albany, N. Y. 

Browning, T. Roy (D), Electric Welder, 
Seattle-Tacoma Shipbuilding Corp.; 
(Res.) 305 East 40th St., Tacoma, Wash. 

Browning, W. B. (C), Welding Engineer, The 
Linde Air Products Co., 230 North Michi- 
gan Ave., Chicago, II. 

Bruce, Geo. A. (C), Welding Foreman, Pa- 
cific Car & Fdy. Co.; (Res.) 330 Meadow 
St., Renton, Wash. 

Bruce, George H. (C), Chief Engineer, Pitts- 
burgh & Conneaut Dock Co., Conneaut, 
Ohio. 

Bruce, Leo I. (C), 
tural Steel Co., 
York, N. Y. 

Bruckmiller, Edwin H. (C), 
Sage St., Houston, Texas. 

Bruckner, Walter H. (C), Res. Asst. Prof. in 
Met. Eng., University of Illinois, Urbana, 
Ill. 

Brueckner, Julius R. (B), Vice-President, 
National Electric Welding Machines Co., 
3-255 General Motors Building, Detroit, 
Mich. 

Bruer, C. B. (D), Welder, Cardwell Mfg. Co.; 
(Res.) 1121 Pearce, Wichita, Kans. 

Bruestle, Chas. C. (B), President, The Aetna 
Iron and Steel Co.; (Res.) 1463 Talbot 
Ave., Jacksonville, Fla. 

Brugge, B. J. (B), Welding Engineer, Big 
Three Welding & Equipment Co.; (Res.) 
5915 Annapolis, Houston, Texas. 

Brumbaugh, A. K., Jr. (C), Inspector, Gen- 
eral Petroleum Corp., 2525 E. 37th St., 
Los Angeles, Calif. 

Brumbaugh, I. V. (C), 
St. Louis, Mo. 

Brummitt, Parmenter 
hem Steel Co., 
Mass. 

Brunson, Harry S. (C), Chief Boiler Inspec- 
tor, State of Minnesota: (Res.) 698 Haw- 
thorne Ave., St. Paul, Minn. 


(B), 
2943 


Brown 


President, 


4th 


dey 


Sales Megr., 
17 


Lehigh Struc- 
Battery Place, New 


Welder, 1703 


4931 Daggett Ave., 


(D), Welder, Bethle- 
49 Rogers St., Quincy, 


Brunt, Roy (B), Salesman, Magnolia Airco 
Gas Products Co., Box 319, Houston, 
Texas, 

Bruton, James J. (B), Service Engineer, 


lhe Linde Air Products Co., 2305 E. 52nd 
St., Los Angeles, Calif. 
Bryan, Charles W., Jr. (B), Vice-President, 


Federal Shipbuilding and ald Dock Co., 


21 West St., New York, 

Bryan, Marry, Welding 
Leader, Bethlehem Steel Co., 1508 Irving 
t., N. E., Washington, D. C. 

Bryk, Henry D. (F), Student, Columbia 
University; (Res.) 538 E. 6th St., New 
York, N. Y. 

Bubb, Quinten E. (C), Draftsman, S. Morgan 
Smith; (Res.) Glen Rock, Pa. 


Buchanan, Wirt F. (C), Foreman of Welders, 


Cooper, Bessemer Corp., 325 McConnell 
St., Grove City, Pa. 
Buchkoe, Raymond J. (C), Director of 
“ducation, State House of Correction & 
Brane h Prison, Marquette, Mich. 
Bucknam, James H. (8B), Develop. Engr., 
The Linde Air Prods. Co., 686 Freling- 


huysen Ave., 


Newark, N. J 


Budds, Geo. W. (D), Time Study Engr., 
Deleo Appliance Corp.; Res.) 181 
Crittenden Blvd., Rochester, N. ¥ 

Budman, Frank (ID), Welder. Arthur S. 
Leitch & Co.; (Res.) 41 Beatrice St., 
loronto, Ont., Canada. 

Buehler, Walter A. (B), President, Buehler 
Tank & Welding Works, 5000 Pacific 


Blvd., Los Angeles, Calif. 

Buette, Arthur E. (C), Salesman. S. B. Roby 
Co.; (Res.) 2549 Chili Road, R. D. 5, 
Coldwater, N. Y 
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Buie, Wm. H. (( 
Goeller, Inc., 
N. J. 


Hillside, 


Me Vice-Pres. & Secy 
470 Hillside Ave., 


Bulkley, H. F. (B), Advertising and Pub- 
licity Manager, Union Carbide Company, 
30 East 42nd St., New York, N. Y. 

Bull, G. N. (C), District Salesmanager, 
Lincoln Electric Co., 330 W. 
New York, N. Y. 

Bullock, Claude L. (B), 
J. Klein Iron & Fdy. Co., 
3rd St., Oklahoma City, Okla. 

Bullock, H. R. (C), Manager, Welding Dept., 


The 
42nd St., 
Supt. (Structural), 
1401 N. W. 


Austin-Hastings Co., Inc., 226 Binney St., 
Cambridge, Mass. 

Bunch, Jim (F), Student, Okla. A. & M. 
College; (Res.) 410 Hester St., Stillwater, 
Okla. 

Bunn, Jr., W. B. (C), Welding Engineer, 


Naval Gun Factory, Washington Navy 
Yard, Washington, D. C. 

Bunnell, John M. (D), Welding Instructor, 
San Jose Technical High School, San Jose, 
Calif.; (Res.) 4125 Mariposa Ave., Sacra- 
mento, Calif. 

Burch, J. P. (C) 
Tank Co.; 
apolis, Ind. 

Burckholter, R. M. (D), 
The Ohio Power Co.: 

Burdge, Oscar B. (D), 
North Bend, Ohio. 

Burge, Kenneth A. 
bany, Calif. 

Burge, R. G. (( 


, Supt., Emerson Scheuring 
(Res.) 860 Castle Ave., Indian- 


Boiler Repairman, 
(Res.) Philo, Ohio. 


Washington Ave., 


(D), 913 Masonic, Al- 


>), Plant Supt., Butler Mfg. 


Co., 13th & Eastern Ave., Kansas City, 
Mo. 

Burger, Walter W. (B), Supt. Steel Constr., 
Burger Boat Co.; (Res.) P. O. Box 27, 
Manitowoc, Wis. 

Burgess, Leslie U. (D), Welders’ Helper, 
Whiting Corpors ation ; (Res.) 15520 Lex- 
ington Ave., Harvey, 

Burgess, Norman O. (D), Foreign Y. M. C. 


A., 150 Bubbling Well Road, 
China. 
Burggraf, Fred (C), 


Shanghai, 


Supt., Ellicott Machine 


Corp., 1611 Bush St., Baltimore, Md. 

Burgston, C. H. (C), Metallurgist, Deere & 
Co., Moline, Ill. 

Burke, W. P. (C), 606 W. Saulnier St. 
Houston, Texas. 

Burnam, C. M., Jr. (B), Engineering Editor, 
Keeney Publishing Co., 6 N. Michigan 
Ave., Chicago, 

Burnham, L. F. (B), Chief Draftsman 
Buffalo Forge Co., Buffalo, N. Y. 

Burnett, Clarence (1)), Welder, General 
Electric Co.; Res.) 16 Jackson St., Clif- 


tondale, Mass. 


Burnidge, Merrill (C 
Supplies, Burnidge 


, Distributor of Welding 
Distributing Co.; 


(Res.) 2119 Lafayette St., No. Kansas 
City, Mo. 

Burns, T. V. (C), Serviceman, Applied 
Engrg. Dept., Magnolia Aireo Prods. Co., 
P. O. Box 319, Houston, Texas 


Burns, William T. (C 
tion, Kings County 
6740—4th Ave., Brooklyn, N. Y 

Burque, L. A. (C), Salesman, Westinghouse 
Elec. & Mfg. Co., 800 Lioy d Bidg., Seattle, 
Wash. 


Burr, Louis H. (C 


, Engineer of Produc- 
Lighting Company, 


Production Manager, 


The Austin Co.; (Res.) 14729 Ardenall 
Ave., E., Cleveland, Ohio. 

Burriss, Luther J. (C), Plant Engineer, The 
Weston and Brooker Co.; tes 712 
Abelia Rd., Columbia, 8S. C 

Burrows, E. A. (C), Cons. Mech Engr., 
Southern Bldg., Washington, D. C. 

Burwell, Robt. W. (B), Boilermaker, Ace 
Tank & Welding Co.; Res 1124 Elliott 
West, Seattle, Wash 

Bush, Ray G. (B), Sales Engr., Westinghouse 
Elec. & Mfg. Co., 2303 Kennedy St., 
Minneapolis, Minn. 

Bush, Stanley (1D). Welding Supervisor, 
Bethlehem Steel Co Res.) 164 North 
Ave., No. Abington, Mass 
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Busse, Marvin H. (C), President, Opten- 
berg Iron Works, P. O. Box 144, Sheboy 
gan, Wis. 

Butcher, R. L. (1D), Welder, Mid-Continent 
Petroleum Corp.; (Res.) P. O. Box 81 
Tulsa, Okla 

Butchko, Stephen (1D), Welder & Cutter, 
F. L. Smidth & Co.; (Res.) 1111 Frank 
St., Roselle, N. J. 

Butler, Harry (C), Assistant Foreman, Sun 
Shipbuilding & Dry Dock Co.; Res 
1106 Johnson St., Chester, Pa. 


Butler, Lawrence 


Welding Sup ply Co.., 


Brunswick, N. 


Butters, Carl 


(D 


) 


C), Mi anager, 


Vernon 


Engineering Dept.: (Res.) 
vey, Wellington, Kans. 

Butz, W. H. (B), Engr.., 
(Res.) 3161 California 5S 
Park, Calif. 


Buxton, M. L. (1 


Summit, Mo. 


Byers, 


Cc. H. (C 


t., 


Production 


Ohio Publie Service Co., 


Cadwell, Ralph K. 


Pipe & Steel Corp., 230 Date St., Al- 
hambra, Calif. 
Caldwell, Francis (B), Welding Supt., 


Jeffrey Mfg. Co., 


Cc 


(B), Engineer, 


Columbus, Ohio. 
Caldwell, Ralph (C), Prop 


Service, 


Callahan, John F. 
Manager 
60 East 42nd St., 

Callahan, J. Walter (| 

Trade 

Lowell, Mass. 
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Writer, 
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oe, J. (C), Sales Engineer, Williams & 
Cc (Res.) 3050 Kensington Rd., Cleve- 
lend, Ohio. 

Card, Harold S. (C), Sales Consultant, 449 
Elmora Ave., Elizabeth, N. J 

Carey, Clarence E. (ID), Electric Welder, 
Standard Pressed Steel Co.: (Res.) Bristol 
toad, Ivyland, Pa 

Carey, R. F. (C), Business Mer., 
Training Inst., 23 Sussex Ave., 


Welding 
New ark, 


Cargill, Clarence C. (1), 
Tool Co. Lab.; 
Houston, Texas. 

Carle, W. J. (1D), Supervisor, Air Reduction 
Sales Co.; (Res.) 828 Belmont St., Daven- 
port, Iowa. 

Carleton, Hugh E. (B), Sales Engineer, Foster 
Me heeler Corp., Tower Bldg., Washington, 
». C. 

Carlin, L. C. (C), District Sales Mgr., Eastern 
Oxygen Company, 412 Medford Street, 
Boston (Charlestown), Mass. 

Carlson, Alvin (DD), Welder, Anaconda Copper 
Mining Co.; (Res.) Box 351, E. Helena, 
Mont. 

Carlson, Chas. A. (B), Wash. Manager, 
Lukenweld, Inc., 810 Union Trust Bldg., 
Washington, D.C. 

Carlson, C. E. (C), Research Dept., Chicago 
Bridge & Iron ‘Co., 1305 W. 105th St., 
Chicago, 

Carlson, C. L. (C), Attn. Library, Crockett, 
Calif. 

Carlson, Enoch K. (B), Supt. Chicago Bridge 
& Iron Co.; (Res.) 10522 Church St., 
Chicago, Il. 

Carlson, Glenn A. (D), Inspector, Douglas 
Aircraft Co., Santa Monica, Calif.; (Res.) 
3115'/2 Marathon St., Los Angeles, Calif. 

Carlson, Otto M. (B), Asst. Supt., Crane Co.; 
— 5819 N. Christiana Ave., Chicago, 

Carlson, W. W. (C), Professor of Shop Prac- 
tice, Kansas State College, 1722 Laramie 
St., Manhattan, Kans. 

Carnac, A. J. Rivett- (B), Works Manager, 
British Mining Supply Co., 5 Maddison 
St. Jeppe, Johannesburg, South Africa. 

Carpenter, Allan W. (B), Engineer of Bridges, 
Line East, New York Central R. R., 
— 1004, 466 Lexington Ave., New York, 


Welder Hughes 
(Res.) P. O. Box 2359, 


B. P. (C), Sales Megr., Hawaiian 
Gas Products, Box 2454, Honolulu, T. H. 


Cagpeaier, F. H. (B), Vice-President, Pipe- 
Weld, Inc., 2628 S. Sacramento Ave., 
Chicago, Ill. 


Carpenter, John (1D), General Welding In- 
spector (Bridges), New York Central 
Railroad; (Res.) 13 Hazelhurst Ave., 
Albany, N. Y. 


Carr, James H. (D), P. O. Box 44, Arling- 
ton, N. J. 

Carrender, Walter (1D), Welder, Armour & 
Co.; (Res.) 614 Packard St., Kansas City, 
Kans. 

mn, Louis E. (C), Combination Welder, 


. S. Navy Yard; (Res.) 234 E. Ohua 
Ave., Honolulu, T. H, 


Carson, Gordon B. (C), Assoc. Prof. Indust. 
Eng., Case School of Applied Science; 
(Res.) 3426 Hartwood Rd., Cleveland 
Heights, Ohio. 

Carson, W. F. (C), 508 Commercial Trust 
Bldg., Philadelphia, Pa. 

Carter, Glenn O. (A), Consulting Engineer, 
The Linde Air Produc * Company, Room 
1017, 30 East 42nd St., New York, N. Y. 


Carver, John A. (D), W elder r, Hughes Tool 
Co.; (Res.) 3012 Morrison St., Houston, 
Texas. 

Cary, Howard B. (F), 


Columbus, Ohio. 


Casey, R. H. (C), Industrial Engineer, The 
Cincinnati Milling Machine Co.; (Res.) 
7024 Grace Ave., Cincinnati, Ohio. 

Cassells, John (B), Foreman, Mech. Dept., 
Aluminum Co. of Canada, Ltd., P. O. Box 
4, Arvida, Que., Canada. 


1650 Milford Ave., 
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Cassidy, Perry (A), Executive Assistant, The 
Babeock & Wilcox Co., 85 Liberty St., 
New York, N. Y. 

Cassimus, Mark A. (B), 
Machinery Co.; (Res. 
Oakland, Calif. 

Caswell, Alexis (C), Secretary and Business 
Manager, Manufacturers’ Association of 
Minneapolis, Inc., 200 Builders Exchange 
Building, Minneapolis, Minn 

Catlett, James T., Major, (B 
Artillery, Fort Totten, N. Y. 

Cattanach, Robert L. (B), Welding Foreman, 
American Laundry Mac hinery Co., 110 
Buffalo Rd., Rochester, N. 

Cauthers, Ralph A. (C), General Foreman, 
Federal Government, Box N, Pedro 
Miguel, Canal Zone. 

Cavagnaro, John, Jr. (D), Welder, Consoli- 
dated Macaroni Mch. Corp., 156—6th St., 
Brooklyn, 

Cavanagh, R. F. (B), Supt. Engrg. Dept.. 
The Fidelity & Casu: alty Co. of N. Y., 80 
Maiden Lane, New York, N. Y. 

Cave, Joseph (B), Works Electrician, Cana- 
dian General Electric Co., 940 Lans- 
downe Ave., Toronto, Ont., Canada. 

Cavin, Gustave (C), Chief Mechanical Engi- 
neer, Canadian Locomotive Co., Ltd., 
Kingston, Ont., Canada. 

Cecil, Carl (C), Foreman of Sub. Str., R. G. 
Le Tourneau, Ine.; (Res.) 209 Alice 
Ave., Peoria, Il. 

Cecil, Robert E. (B), Vice-President, Sales, 
Wm. B. Scaife & Sons Co., Oakmont, Pa. 

Centers, Clyde (B), 
Titus Welding Co., 
Detroit, Mich. 

Cey, Ralph (1D), Spot Welder, Lincoln Elec- 
tric Co.; (Res.) 1230 E. 143rd St., E. 
Cleveland, Ohio. 

Chaffee, W. J. (C), Sales Manager, Welder 
Div., Hobart Brothers Co., Hobart Square, 
Troy, Ohio. 

Chalmers, Robert F. (C), Sugar Mill Engi- 
neer, Paauhau Sugar Plantation Co.; 
(Res.) P. O. Box 45, Paauhau, Hawaii, 
7. = 

Chamberlin, John B. (C) Salesman, Welding 
ener. Sales Corp.; (Res.) 11 Hampton 

, Cranford, N. J. 

Pg Hugh (B), President, G. D. 
Peters & Co. of Canada. Ltd., 620 Cath- 
cart St., Montreal, Que., Canada. 

Chambers, R. A. (B), Vice-President, Kane 
Boiler Works, Inc., 1001 Electric Bldg., 
Houston, Texas. 

Champion, Pierre (A), President, Champion 
Rivet Co., East 108 & Harvard Ave., 
Cleveland, Ohio. 

Champion, Robert (©), Welder, Champion 
Rivet Co., E. 108th & Harvard Ave., 
Cleveland, Ohio. 

Chaney, Harold P. (C), Chief Electrician, 
Bethlehem Shipbldg. Corp., Union Plant, 
San Francisco, Calif. 

Chapin, Richard N. (1D), Air Reduction 
Sales Co., 60 E. 42nd St., New York, N. Y. 
Chapman, E. Corbin (B), Chief Metallurgist, 
Combustion Eng. Co., Inc., Chattanooga, 

Tenn. 

Chapman, Everett (A), President, Lukenweld, 
Inc., Coatesville, Pa. 

Chapman, Leo (F), 10610 Searritt, Kansas 
City, Mo 

Chapman, R. B. (B), Southern Pacific Ry., 
65 Market St., San Francisco, Calif. 

Chappelear, J. A. (C), Mfgrs. Representative, 
American Steel Band Co., Pittsburgh 
Bearings Company of America, Lancaster, 
Pa., Mills Bldg., Washington, D. C. 

Charette, Paul (C), Welder, Dominion Weld- 
ing Eng. Co.; (Res.) 7051 Delanaudiere, 
Montreal, Que., Canada. 

Charles, T. (D), Student, Haller Welding 
School; (Res.) 441—40th St., Brooklyn, 


Salesman, Moore 
6123 Colby St., 


62nd Cx vast 


Welding Contractor, 
3202 Whitney Ave., 


Charvanne, Wm. D. (D), Welder, 97 Liberty 
Blvd., Valley Stream, L. I. 


Charvat, Joseph J. (D), Welding Foreman, 


Steel W: Corp.: (Res.) 5228 


S. Talman Ave., Chicago, Lil. 
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Chatfield, Howard (B), Supervising 
neer, Minne: apolis Office, Fidelity & | 
alty Co. of N. Y., 918 McKnight By 
Minneapolis, Minn. 

Chauncey, Clarence (D), Welder, Eas 
Kodak Co.; (Res.) 59 Clayton St., R 
ester, N. Y . 

Cheever, H. A. (B), President, H. A. Chy 
Company, 1962 First Ave., S., S 
Wash. 

Cheney, William B. (C), Industrial Hea; 
Eng., So. Calif. Edison Co., Ltd., Box 
Los Angeles, Calif. 

Chief Engineer (B), Hilo Sugar Co., P 
Box 577, Hilo, T. H. 

Chitro, John (D), Welding Instructor 
ag Welding Labs., 88 St. Stephen 

. Boston, Mass. 

Chirta George D. (D), Welder, Walsh Co; 
struction Co.; (Res.) 345 Walnut &: 

Choate, R. E. (B), President, Laplant-Choate 
Mfg. Co., Inc., Cedar Rapids, Iowa 

Christensen, Lawrence A‘ (C), Field Ey ngi- 
neer, Bethlehem Steel Co.; (Res. 
Maple St., Bethlehem, Pa. 

Christensen, L. H. (B), Welding Enygineer 
Reid Avery Co., Dundalk, Baltimore, Md 

Christenson, Ray (B), Supt., Sturgeon Bay 
Shipbldg. & Dry Dock Co.; (Res.) 22 
North C St., Sturgeon Bay, Wis. 

Christie, R. L. (B), Foreman Sheet Metal 
Dept., Aluminum Ore Co., 3500 Missouri 
Ave., E. St. Louis, Ill. 

Christopher, Harry (B), Production Manager 
Geo. C. Christopher & Son, P. O. Box 610, 
Wichita, Kans. 

Christy, Robert E. (B), Sec. & Treas., United 
Engrg. Co., 298 Stewart St., San Francisco 
Calif. 

Churchill, William W. (C), Sales Engineer 
General Electric Co., (Industrial Depart- 
ment), Schenectady, N. Y 

Churchward, Jack (B), Churchward Engrg 
Co., 33 Sperry St., New H: aven, Con: 

Chyczewski, Edward B. (D), Welding 
tor, American Bridge Company, 624 
Beaver Rd., Ambridge, Pa. 

Chyle, John J. (C), Director Welding Re- 
search, A. O. Smith Corp.; (Res.) 2504 
N. 81st St., Milwaukee, Wis. 

Cipperly, E. J. (C), Are Welding & Industrial 
Heating Specialist, General Electric Co 
5201 Santa Fe Ave., Los Angeles, Calif 

Clark, Donald S. (B), Assistant Professor of 
Mechanical Engineering, California In- 
stitute of Technology, Pasadena, Calif 

Clark, G. L. (D), Elm Creek, Manitoba, Can- 
ada. 

Clark, Henry Wilmot (B), Indoor Assistant 
to the Civil Engineer, London Passenger 
Transport Board; (Res.) 133 Harrowdene 
Road, Wembley, Middlesex, England. 

Clark, L. W. (C), Engineer, Electrical Sys- 
tem, The Detroit Edison Co., 2000 Second 
Ave., Detroit, Mich. 

Clark, LeRoy W. (C), Head, Dept. of Me- 
chanics, Rensselaer Polytechnic Institute 
Troy, N. Y 

Clark, Roger W. (B), Welding Engr., Genera! 
Electric Co., % Works Lab., 1 River Rd 
Schenectady, N. 

Clark, Wm. Robert (B), Dist. Mgr., The Linde 
Air Prod. Co., 912 Baltimore, Kansas City 
Mo. 

—_ Neil A. (C), Assoc. N. Architect 

Ss. Government, Bureau of Ships 
Rh. Dept., Washington, D. C. 

Clausen, E. W. (C), Commonwealth Edison 
Co., 2233 8. Throop St., Chicago, Ill. 

Claussen, Gerard (C), Research Assistant, 
Welding Research Committee, 29 West 
39th St., New York, N. 

Clay, Phillip L. (D), W ten Mid-Continent 
Petroleum Corp.; (Res.) 416 Industria 
St., R. 1, Sand Springs, Okla. 

Cleaver, H. Paul (B), Works Manager, J. G 
Brill Co., 62nd & Woodland Ave., Phils., 
Pa. 

Cleeland, Robert (C), Sales, Rubicon “oc. 
29 N. 6th St., Phila., Pa 
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Clements, D. A. (C), Mer. 
Natl. Electric Welding Mach. Co.: 
P. O. Box 126, ¢ ‘layton, Mo. 


Service Div., 


(Res.) 


Clements, * B. (B), Dist. Manager, The 
Lin Products Co., 1421 N. Broad 
st Phil afiehe hia, Pa 
lemmons, Al (1 Student Welder, Okla- 
homa A. & M. College, (Res. 1816 SS. 
Olympia, Tulsa, Okla. 

Clifford, E. (C), Chief Engineer, J. S. Thorn 
Co., 20th & Allegheny Ave., Philadelphia, 
Pa. 

Clifton, Nathaniel (D), 229 Livingston St., 
Peoria, Ill 

Cline, Charles R. (D), 1327—Sth Ave., 


New Brighton, Pa. 

Clinkscale, Roy (D), Foreman Welder, 
Mare Island Navy Yard, Shop 26, Mare Is- 
land, Calif. 

Close, Howard C. (B), Dist. Mgr., 
Welder Corp., 
St. Louis, Mo. 

Clotfelter, R. A. (C), General 
Western Pipe & Steel Co., 
Ave., Los Angeles, Calif 

Clothier, A. L. (D), A. E. D. 
Air Reduction Sales Co.; 
Willow St., New Orleans, La. 

Cloues, Richard W. (B), Design. Engineer, 
Aetna Steel Construction Company; 
Res.) 2807 Myra St., Jacksonville, Fla. 

Clough, Frank H. (C), City Engineer, City 
Hall, 8S. Pasadena, Calif. 

Coakley, John A., Jr. (C), Vice-President, 
The Lincoln Electric Railway Sales Co. 
1202 Marshall Building, Cleveland, Ohio. 

Coates, A. G. (B), Mgr. National Cylinder 
Gas Co., P. O. Box 2676, Tulsa, Okla. 

Cobb, G. W. (C), Sales Rep., Welding Engrg. 
Sales Corp., 1 West Genesse St., Buffalo, 


Machinery 
700 South Spring Ave., 


Foreman, 
5717 Santa Fe 


Supervisor, 
(Res.) 8002 


Cocco, Thos. R. (D), 
Works; (Res.) 
Pa. 

Cochran, Harry (1D), Welder, James Leffle 
Co.; (Res.) 216 Montgomery Ave., Spring- 
field, Ill. 

Cochran, William H. (C), Engr., 
Electric Co., East Lake Rd., Erie, Pa. 

Cochrane, A. G. (C), Supt., Are Welding 
Dept., General Electric Co.; (Res.) 106 
Snowden Ave., Schenectady, N. Y. 

Cockrell, Clifford M. (A), Designing Engineer 
Freeport Sulphur Co., Port Sulphur, La. 

Cody, H. F. (C), Asst. Genl. Foreman, M. E 
Se Panama Canal, Box 277, Balboa, 

ian Louis (D), 
Harvey, Ill. 

Cogan, Howard C. (B), Chief Engr., 
Elec. Welding Mach. Co., 

Cogan, L. J. (C), 
Co. (Res.) 
phia a, Pa. 


Coghlan, S. F. (B), 


Welder, Belmont Iron 
1933 S. 13th St., Phila., 


General 


Welder, Whiting Corp., 


Natl. 
Bay City, Mich. 


Salesman, Lincoln Elect. 
1938 Elston Ave., Philadel- 


Mech. Engineer, Metro- 


politan Water District of So. Calif.; 
(Res.) 414—9th St., Santa Monica, Calif. 


Cohen, Fred W. (B), Vice-President, Metal & 
Thermit C orporation, 120 Broadway, New 
York, N. 

Coil, Lloyd F. (D), Welder, Western Pipe & 
Steel Co.; (Res.) P. O. Box 725, San Bruno, 
Calif. 

Colbert, James E. (C), Hawaiian Gas Prods. 
Co.; (Res.) Wailuku, Maiu, T. H 

Colby, Fred C. (D), 10th Ordnance Co. M., 
Corozal, C. Z. 

Colby, Haldwell S. (B), Manager of Opera- 
tions, Baldwin Locomotive Works; (Res.) 
2575 Hillerest Rd., Drexel Park, Pa. 

Cole, Amos G. (C), Chief Enginee 
Steel Works Co., Burnham, Pa. 

Cole, J. Bradford (ID), Welder, 
Co.; (Res.) 6344—33rd St., 

Coleby, Comdr. Francis J. A. (C), 
Attaché, British Embassy, 
dD. C. 

Coleman, C. A. (D), 
Pet. 
Okla. 


r, Standard 


Roth Mfg. 
Berwyn, Ill. 


Asst. Naval 
Washington, 


Welder, Mid-Continent 
(Res.) 717 North Zenis, Tulsa, 
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Coleman, Hazen E. (C Foreman, Con- 
solidated Coal Co.; Res 209 S. Park 
Ave., Herrin, Il. 

Collins, Francis J. (C), Asst 
Ar Reduc tion Sales Co 
St., Cleveland, Ohio. 

Collins, Forrest L. (1D), Operator, Cincinnati 
Gas & Elect. Co., Columbia Park, Ohio. 

Collison, Thomas A. (B), Chief Mechanical 
Engineer, Mt. Vernon Car Mfg. Co., 
Mt. Vernon, III. 

Collom, Cletus J. (B), 
neer, Wettronic 
Cameron, Detroit, Mich. 

Combs, A. L. (B), Dist. Manager, The 
Air Prods. Co., 441 Stuart St., 
Mass. 

Comerford, J. E. (D), 
vey, Ill. 

Comfort, C. E. (B), Supt., 
Steel Co., 162 York St. 

Comiskey, Hugh L. (B), The Bastian-Bless- 
ing Co., 240 E. Ontario St., Chicago, Ill. 

Commins, E. A. (B), Stuart Oxygen Co., 
211 Bay St., San Francisco, Calif. 

Conley, G. D. (D), Asst. Chief Engineer, 
Huey Station, Oklahoma Gas & Elec. Co., 
5125 Belle Isle Ave., Oklahoma City, 
Okla. 

Conley, William J. (B), Prof. of App. Mech., 
University of Rochester, River Campus, 
Rochester, N. 

Connell, Fredk. (B), Asst. 


Sales Mer., 
1210 W. 69th 


Development Engi- 
Corp.; Res.) 20022 


Linde 
Boston, 
Whiting Corp., Har- 


Paul Structural 
. Paul, Minn. 


General Mgr. of 


Sales, American Steel & Wire Co., 71 
Broadway, New York, N. 
Connelly, Peter K. (B), P sestila ent, Prest-O- 


Sales & Service, Inc., 29-23—40th Road, 
Long Island City, N. Y. 

Conor, Frank (D), Master Mechanic, South 
City Lumber & Supply Co., Box 408, 
South San Francisco, Calif. 

Conrad, Frank A. (B), Supt., Puget Sound 
Sheet Metal Works, 3631 East Marginal 
Way, Seattle, Wash. 

Constanz, H. E. (B), S. F. Manager, Mid- 
west Piping & Supply Co., 72 New Mont- 


gomery St., Rm. 426, San Francisco, 
Calif. 

Conway, Frank (C), Engineer, General Elec- 
tric Co., Room 209, Building 23, Schenec- 
tady, N. Y. 

Cooey, D. Wm. (D), Are Welder, Lincoln 
Electric Co.; (Res.) 13127 Cedar Road, 


Cleveland Hghts., 
Cook, Bob (B), 


Ohio. 

Welding Instructor, 

Engrg. Dept., Texas A. & M. 
College Station, Texas. 

Cook, Fredk. S. (B), Pacific Coast Manager 
Robt. W. Hunt Co., 251 Kearny St.. 
San Francisco, Calif. 

Cook, Marvin (3B), 
Humble Oil & 


Mech. 
College, 


Engineer, 
Houston, 


Petroleum 
Refining Co., 


Texas. 

Cook, Ray (D), Prop. Western Welders, 
483—25th St., Oakland, Calif. 

Cook, Roy F. (D), Welder, Verson Allsteel 


Pres. Co.; 
Deal, Mont. 

Coombs, Anthony S. (C), Structural Engi- 
neer, 109 Warren St., West Medford, Mass. 

Coombs, Edwin C. (DD), Welding Operator, 
Federal Machine & Welder Co.; (Res.) 
437 Forest St. N. E., Warren, Ohio. 

Cooper, Gerald A. (ID), Welder, 
feger Corp.; (Res.) 2512 W. 
Apt. K 1, Davenport. lowa. 

Cooper, John (C) 
Salunga, Pa. 

Cooper, J. H. (D), Welding Engineer, The 
Taylor Winfield Corp., 1052 Mahoning 
Ave., N. W., Warren, Ohio. 

Cooper, Sidney B. (B), Welding Supervisor, 
Gerstein & Cooper Co., 1 W. 3rd St., 
South Boston, Mass. 

Cooper, Stephen H. (1D), Acetylene Burner, 
Bethlehem Steel Corp.; (Res.) 22 Ring 
Ave. 

Cope, Ralph L. Instructor, Mech. Engr. 
Dept., N. C. St ate College, Raleigh, N. ¢ 

Gaston. Harvey S. (C), Welding Instructor, 
National Defense Training School, 1213 
12th St., Greeley, Colo. 


(Res.) % C. E. Cook, New 


Harnisch- 
Harrison, 


Prop., Coopers Garage, 


ALPHABETICAL LIST OF MEMBERS 


Corey, Donald H. (8), Welding 
The Detroit Edison Co 2000 
Detroit, Mich 

Corne, E. J. (C), Welder, Freepor 
Co., Port Sulphur, La 

Corp, Paul (C), Welding Engr 
2836 N tith, Milw iukee Wis 

Corstorphine, 


Coryell, 
Welder, Vdvlite Co 
Ave., Detroit, Mich 

Coslett, Charles V. (1D), General 
Stromberg Carlson Co Res 


t., Rochester, N. Y. 


Costello, John J. (1D), Pipe Welder 


Shipbuilding & Dry Dos k Co 
W. 52nd St., Bayonne, N. J 
Coster, Charles H. E, C), Weldir 
tor, Worcester Boys Trade 
Houghton St., Worcester, Mass 
Cota, J. Arthur (1), 


t., Farnumsville, Mass 


Cotman, Carl A. (B), Junior Engineer, 
7619 Whittington 


eral Elect. Co. Res 
Dr., Parma, Ohio 
Cotton, Charles G. (C), 
of Boilers, Bureau of Marine 
Philadelphia, Pa tes.) 305 Ric 
West Collingswood, N. J 
Cottrell, W. P. (C), Cottrell 
207 Mesnager St., Los An 8, 
Couch, William O. (C 
Engineering Department, Air 
Sales Company, P. O. Box 1147, ¢ 
Counsman, R. Harold (DPD), Gas 
Welder, Pennsylvania 
1901 5th Ave., Altoona, Pa. 


Courtright, L. H. (B 


Roller Bit Co.; (Res 1438 Munger, 
Houston, Texas. 

Cousins, Joseph (B), Pres., J. D. Cousins 
& Sons Boilg Works, 667 Tifft St., Buffalo, 

Cowling, James G. (C), Special Representa- 


tive, Allegheny Ludlum 
1001—15th St. N. W.., 
Cox, Chas. N. (D), 
Ave., Chicago, Ill 
Craig, G. (D), Welder, The 
(Res.) 15646 Turlington 
Craig, J. B. (A), Vice-President, 
Mfg. Co., Bellefonte, Pa 
Cramer, L. L. (C Welding 


Welder, 


Kansas City Structural Stee! Co 


R. D. 1, Box 41, Overland Park 


Cramer, Willis T. (8B), Dist. Met 
Steel & 
Cleveland, Ohio. 

Crampton, D. K. Dire: 


Chase Brass & Copper Co., W 
Conn, 

Crane, Virgil B. (B), Pres., Crane 
Supply Co., 918 Port Ave.: (Res 
Corpus Christi, Texas 


Crapo, Fred M. (C), V. P. & Gen! 
Indiana Steel & Wire Co., Mun 
Crase, George H. (C 
ger, Horton Steel Works, Ltd., 
St., Toronto, Ont., Canada 
Crawford, Wm. E. (A), 
A. O. Smith Corp., 
Crawford, W. F. (C), Vice- 
Valve & Mfg. Co., Inc 
St., East Chicago, Ind 
Crea, J. L. (C), 
Corp.; (Res 


Creager, H. W. (B), Sales Er Hendrie & 
Bolthoff Mfg. & Supply Co , 1635—17th 
St., Denver, Colo 

Crecca, John D. (C), Comdr. U. 8S. Navy, 
Bureau of Construction & Repair, Navy 


Dept., Washington, D. ¢ 


Crigger, John (C), Foreman, Ford Motor Co 


of Canada Res 4450 Bur 
Detroit, Mich. 

Critchett, James H. Union 

Company, 30 East 42nd St., Ne 


2nd Ave., 
t Sulphur 
Heil Co., 
John Foreman 
Burmah Oil Cor; Khodauny, Bur 


Howard D), Com 
Re s 17545 W inda 


28 Oakland 


iw Instruc- 


M ister We ] ler, 


(Assistant Inspector 
Inspection 
and Navigation, S801 Custom 
hey Ave 


Engrg. Co., 
Cc 
Supervisor, 
Reduction 
‘harlotte, 


Railroad; 


She Foreman, 


Steel 
Washington, D. C 
6318 Kenwood 


Whiting Corp.; 
Harvey 


ritan Metal 
Super 

Kans 
Wire Co., tockefeller 


tor of Research, 
aterbury, 


Manager, 
In i 


General Sales Mana- 


Consulting Eng., 
Milwaukee, Wis 

Pres., The 
1200 W. 


Chief Welding Engr 
Dixon St., Midway, Pa 


ngineer, 


Welder 
ma 


nation 


Welding, 


Federal 
Res.) 32 


hool, 48 
1 Main 


House, 


Applied 


& Elect 
(Res. 


Reed 


Corp., 


Lil. 


visor, 


(Res.) 


(American 
Bldg., 


Welding 
Box 545 


330 Bay 


Edward 
145th 


, Dravo 


ns Ave., 
Carbide 
w York, 


ite 

~ 
} 
> 
ng 
0 
A 
rate 
200 
eer 
M 
Say 
oe 
etal 
Wer 
610, 
ited ¥ 
neer 
‘ 
vart- 
rrg 
igTg 
pera- 
624 
Re- 
2504 
strial 
Co 
lif 
or of 
a 
In- 
Can- 
stant 
enger 
vdene 
1. 
econd 
eneral 
Rd 
Linde 
City a 
hitect 
Ships 
n 
4 
a 
n Co., 
a 
ry 


Crocker, Thomas D. (1)), Sales Representa- 
tive, The Lincoln Electric Company, So. 
Bend Office; (Res.) 1222 East La Salle 
Ave., South Bend, Ind. 

Crosett, Alexander D. (B), Own Practice, 
512 Fifth Ave., New York, N. Y. 

Cross, L. H. (D), Welder, Midwest Electric 
Are Weldng Co.; (Res.) 112 E. 18th St., 
Kansas City, Mo. 

Cross, Laurence W. (ID), Welder Operator, 
White Castle, La. 

Crouch, Robert G. (C), Welding Engineer, 
William M. Orr Co., 1228 Brighton Road, 
N.S8., Pittsburgh, Pa. 

Crowe, John J. (B), Asst. to Vice-Pres. & 
Operating Mer., Air Reduction Co., 60 
E. 42nd St., New York, N. Y. 

Crowell, Tracy (C), Supt., Wileox Crittenden 

Co., Inc., Middletown, Conn. 

Crowley, J. C. (C),. Chief Engr., The Dill 
Mfg. Co., 694 E. 82nd St., Cleveland, Ohio. 

Crudden, Jos. A. (B), Welding Instructor, 
Murrell Dobbins Vocational School; (Res.) 
5330 Angora Terrace, Apt. A, Phila., Pa. 

Cryer, Chas. W. (B), Sales Engineer, Mid- 
west Piping & Supply Co., Inc., 229 Shell 
Bldg., Houston, Texas. 

Culbertson, J. L. (C), Chief Engineer, The 
Texas Pipe Line Co., P. O. Box 2332, 
Houston, Texas. 

Cullen, David (1D), Hilyard Newbold Co., 
Norristown, Pa. 

Cumberland, John C. (C), Manager, Arcway 
Equip. Co., Room 1000, Lexington Bldg., 
Baltimore, Md. 

Cummings, R. L. (D), Asst. Welder Foreman, 
Shell Oil Co., Inc.; (Res.) 277 Seventh 
St., Wood River, Ill. 

Cummings, Thomas M. (B), Sales Manager, 
Progressive Welder Co., 3050 KE. Outen 
Drive, Birmingham, Mich. 

Cummings, W. E. (C), Treas., National 
Tank & Mfg. Co., Florence Branch, Los 
Angeles, Calif. 

Cunha, Frank (C), Dept. Supt., Hawaiian 
Pineapple Co., Honolulu, T. H. 

Cunningham, Jack (B), Sales Engr., Lincoln 
Electric Co., 866 Folsom St., San Fran- 
cisco, Calif. 

Cunningham, J. A. (C), Welding Sales Engr., 
Areway Equip. Co; (Res.) 266 W. 3rd St., 
Moorestown, N. J. 

Cunningham, J. B. (B), Welding Foreman, 
American Rolling Mill Co., Ashland, Ky. 
Cunningham, R. H. (B), Welding Supervisor, 
Newport News Shipbldg. & Dry Dock Co., 

Newport News, Va. 

Cuny, H. J. (C), Genl. Foreman, Constr. 
Shops, Commonwealth Edison Co., 2233 
S. Throop St., Chicago, Ill. 

Cuonzo, George E. (1D), Welding Operator, 
Commonwealth Edison Co.; (Res.) 2946 
N. Nordica Ave., Chicago, Ll. 

Currie, John W. (C), Asst. Trick Foreman in 
Metal Shop, Eastman Kodak Co., Kodak 
Park; (Res.) 77 Dalston Rd., Rochester, 
N. Y. 


Curry, R. A. (B), Armco International Corp.; 
(Res.) 2202 Arlington Ave., Middletown, 
Ohio. 

Curtis, Wm. F. (C), Supt., Monterey County 
Shop; (Res.) 305 W. Main St., Salinas, 
Calif. 

Curtiss, Joseph C. (D), Welder & Burner, 
Mather Spring Co.; (Res.) 1924 Berkshire 
Pl., Toledo, Ohio. 

Cusson, F. J. (C), Indust. Engr., Hollup 
Corp., 3357 W. 47th Place, Chicago, Ill. 
Cutler, Ralph W. (C), Structural Engineer, 
Western Pipe & Steel Co. of Calif; (Res.) 

1812 So. Raymond, Alhambra, Calif 

Czyzak, Stanley J. (C), Research Engineer, 
Una Welding Inc., 1615 Collamer St., 
Cleveland, Ohio. 


D 


Dabbs, Gurley (1D), Welding Operator, 
Woodward Iron Co.; (Res.) Rt. 5, Box 
140, Bessemer, Ala. 


Dahl, Joe (C), Shop Foreman, Wyatt Metal 
& Boiler Works, Box 3052, Houston, Texas. 
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Dahle, Frederick B. (B), Research Metallur- 
gist, Battelle Memorial Institute, 505 King 
Ave., Columbus, Ohio. 

Dahlgren, Rudolph F. (B), Plant Superin- 
tendent, Lumsden & Van Stone Co., 426 
First St., South Boston, Mass. 

Dalcher, John T. (B), 33 Rector St., New 
York, N. Y. 

Dalcher, L. M. (C), Asst. Technical Secre- 
tary, American Welding Society: (Res.) 
899 Westfield Ave., Elizabeth, N. J. 

Dall, David MacDonald (B), Works Manager, 
Hume Steel S. A. Ltd., P. O. Box 204, 
Germiston, Transvaal, South Africa. 

Daly, William J. (D), Welder, Navy Yard 
(Phila. Pa.); (Res.) 3436 N. 18th St., 
Phila., Pa. 

Dand, Raymond (C), Welder, Watertown 
Arsenal; (Res.) 25 Waldrun Rd., 8. Brain- 
tree, Mass. 

Daniels, Chas. J. (B), 2120 W. 110th St., 
Chicago, Il. 

Daniels, E. A. (B), Genl. Sales Mer., Victor 
Equipment Co., 844 Folsom St., San 
Francisco, Calif. 

Daniels, Robert M. (C), Sales Engineer, 
The Lincoln Electric Co., 1612 Cowart, 
St., Chattanooga, Tenn. 

Dannenfelser, Robert (D), Gas and Electric 
Welder; (Res.) 4366 E. 177th St., Bronx, 
New York, N. Y. 

D’Arcy, Raymond A. (C), Welding Inspector 
Boston Metropolitan Dist. Water Supply 
Comm.; (Res.) 12 Harbor View Road, 
Nahant, Mass. 

Darke, J. B. (B), Supt., Ramapo Ajax Div., 
3355 E. Slauson Ave., Los Angeles, Calif. 

Dato, J. E. (D), Operator, The Linde Air 
Prods. Co.; (Res.) 146 N. Bleckley Drive, 
Wichita, Kans. 

Daugherty, M. R. (C), 2119 Marvin Ave., 
Los Angeles, Calif. 

David, E. V. (B), Asst. Manager, Applied 
Engrg. Dept., Air Reduction Sales Co.; 
(Res.) 155 E. 49th St., New York, N. Y. 

David, Wm. (C), Prop., DeLuxe Welding Co., 
1131 Gray Ave., Detroit, Mich. 

Davidson, Earl H. (C), Met. Eng. Structural- 
Plate & Stainless Products, Carnegie- 
Illinois Steel Corp., Carnegie Bldg., Pitts- 
burgh, Pa. 

Davidson, Thos. (C), Proprietor, Davidson 
Electric & Machine Works, Sullivan, Ind. 

Davis, Alton F. (B), Vice-Pres. & Sec., The 
Lincoln Elec. Co., 12818 Coit Rd., Cleve- 
land, Ohio. 

Davis, Augustine (B), President, The Davis 
Welding & Mfg. Co., 1110 Richmond St., 
Cincinnati, Ohio. 

Davis, C. E. (B), Vice-Pres., Alan Wood 
Steel Co.; (Res.) Arcola, Pa. 

Davis, E. T. (D), Master Mechanic, Indiana 
& Michigan Electric Company, P. O. Box 
369, Mishawaka, Ind. 

Davis, Fred (C), Welding Specialist, General 
Electric Co.; (Res.) 34 Menlo Ave., Lynn, 
Mass. 

Davis, F. W. (A), Metallurgist, E. B. Badger 
& Sons, 75 Pitts St., Boston, Mass. 

Davis, James B. (B), Prof. Testing Engr., 
Tulsa Testing Labs., Box 2654, Tulsa, 
Okla. 

Davis, Maxwell R. (B), Plant Superintend- 
ent, Hamilton Bridge Western, Ltd., 195 
W. First Ave., Vancouver, B. C., Canada. 

Davis, R. H. (D), Electric Are Welder, U. 8. 
Navy Yard; (Res.) 146 So. Lafayette St., 
Bremerton, Wash. 

Davis, Walter E. (C), Engineer of Special 
Work & Welding, The Cleveland Railway 
Co., 600 Midland Bldg., Cleveland, Ohio. 

Davis, Wilbert (D), Welder, American 
Hoist & Derrick Co.; (Res.) 70th St. & 
Sheridan Ave., Minneapolis, Minn. 

Davis, William J. (C), Welder, Sun Shipbidg. 
& Dry Dock Co., Chester, Pa. 

Dawson, A. J. (B), Chief Engineer, Marine 
Division, Dravo Corporation, Neville 
Island Station, Pittsburgh, Pa. 

Dawson, Alex Y. (CC), Welding Foreman, 
Republic Structural Iron Works; (Res.) 
3402 East Blvd., Cleveland, Ohio. 
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Dawson, J. K. (F), Engr. Mechanical, Eng g 
Dept., The O.C.S. Mfg. Co., 13th & Wal. 
nut, Coffeyville, Kans. 

Dawson, Joseph R. (B), Research Metall). 
gist, Union Carbide & Carbon Research 
Labs. Inc., P. O. Box 580, Niagara Fal|< 

Day, C. L. (C), Chicago Bridge & Iron Works 
R. D. 3, Ames, Iowa. 

Day, Geo. (C), Asst. Shop Supt., The Board- 
man Co., Oklahoma City, Okla. 

Day, L. A. (B), Foreman, Welding & Sheet 
Metal Depts., Buffalo Forge Co., Buffalo. 
N. Y. 

Deacon, A. J. (B), Welding Engineer, Beth- 
lehem Steel Co.; (Res.) 3054 Grassmere 
Ave., Pittsburgh, Pa. 

Dean, Wm. J. (D), Welding & Press Opera- 
tor, Electric Machinery Co.; (Res.) 528 
Russell Ave., No., Minneapolis, Minn. 

Deas, R. R., Jr. (C), Asst. to Vice-President. 
American Cast Iron Pipe Co., Birming- 
ham, Ala. 

Debes, Erland D. (B), Engineer, Bethlehem 
Steel Corporation, Fore River Yard, 
Quincy, Mass. 

De Blois, Weldin (C), The Armeo Inter- 
national Corp.; (Res.) 116 So. Main St., 
Middletown, Ohio. 

De Bruin, Harry W. (A), Vice-Pres. in 
Charge of Manufacturing, Jeffrey Mfg. 
Co., Columbus, Ohio. 

De Camp, Ray E. (B), Plant Engineer, Con- 
solidated Steel Corp. Ltd., Box 2118, Ter- 
minal Annex, Los Angeles, Calif. 

De Freitas, P. J. (C), Welding Foreman, 
Pacific Coast Engineering Company, 
Maritime & Warf Sts., Oakland, Calif 

De Haven, W. A. (C), Cost Engineer, Com- 
bustion Engineering Co., 1032 W. Main 
St., Chattanooga, Tenn. 

Dekker, G. J. (C), Manager, Air Reduction 
Sales Company, 7991 Hartwick St., De- 
troit, Mich. 

Delano, H. A. (B), Plant Engr., American 
Chain & Cable Co., York, Pa. 

Delbridge, G (C), Dist. Manager, Air Re- 
duction Sales Co., 122 Mt. Vernon 8St., 
Upham Crs., Boston, Mass. 

Delhi, L. W. (B), Manager, Western Pipe & 
Steel Co., 200 Bush St., San Francisco 
Calif. 

Delle, Clair E. (D), Welder, York Safe & 
Lock Co.; (Res.) 672 E. Market St 
York, Pa. 

De Lice, Peter (C), Foreman, Eastman Ko 
dak Co., 253 Congress Ave., Rochester 
N. Y. 

De Long, Charles E. (CC), Welding Tech 
nician, Lockheed Aircraft Corp.; (Res 
8439 San Gabriel Ave., South Gate, Calif 

Del Vecchio, E. J. (C), Sales Promotion 
Taylor-Winfield Corp., Warren, Ohio 

De Maille, Roland (CC), Arim, 8, 
Gourgaud, Paris, XVII, France. 

Demaison, Victor H. (ID), Welder, 3. A 
White Martino, Milw. School of Engrg 
1020 N. Broadway, Milwaukee, Wis 

De Marco, John P. (D), Assistant Foreman 
United States Armory; (Res.) 35 West 
minster St., Springfield, Mass. 

Demarest, William E. (DD), Hand Welde: 
Federal Shipbuilding Co.; (Res.) 583 
Broad St., Bloomfield, N. J 

Demeules, Eugene A. Welding Opera 
tor, Standard Iron & Wire Co., 1900 N 
E. 3rd St., Minneapolis, Minn. 
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Deming, George (C), Development Eng: 
Air Reduction Sales Co.; Res.) 12 
Winans St., E. Orange, N. J. 

Demmer, Adolf P. (C), Supervisor, Air Re 
duction Sales Co., 327 25th Ave. S. FE 
Minneapolis, Minn 

De Montigny, Lucien (DD), Electric & Gas 
Welder, Brompton Pulp & Paper C 
(Res.) P. O. Box 695, E. Angus, Que 
Canada. 

Dempsey, J. B. (B), State Supervisor Weld 
ing Instruction, State Dept. of Trade & 
Industrial Education; (Res.) 910 Pine St 
Parkersburg, W. Va. 
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Dencer, F. W. (C), Assistant Division Engi- 
neer, American Bridge Co., 208 So. La 
salle St., Chicago, Il. 

Denison, F. E. (D), Welder Operator, Mid- 
Continent Petroleum Corp.; (Res.) Rt. 
& Box 71, Tulsa, Okla. 

Denison, Harold M. (C), Indust. Sales 
Engr., Kansas Gas & Electric Co., Sedg- 
wick Bldg., Wichita, Kans. 

De Pew, T. E. (C) Eastern Manager, The 
Welding Engineer, 1834 Broadway, New 
York, N. 

Deppeler, John Howard (A), Chief Engi- 
neer, Metal & Thermit Corp., Room 2202, 
120 Broadway, New York, N. Y. 

Derr, Geo. M. (C), Asst. District Sales Mgr., 
Trusecon Steel Co., 700 Investment Bldg., 
Washington, D. C. 

De Signa, Americo (D), 15825 Lathrop Ave., 
Harvey, Ill 

De Spain, Henry F. (ID), Welding Opera- 
tor, Indianapolis School of Welding, 932 
E. Washington St., Indianapolis, Ind. 

Destefano, J. James (C), Assistant Welding 
Foreman, Diebold Safe Lock Company; 
Res.) 927 Wertz Ave., 8S. W., Canton, 
Ohio. 

Detlor, Leonard T. (C), Material Inspector, 
Standard Oil Development Co.; (Res.) 
3120 Beechwood Blvd., Pittsburgh, Pa. 

DeTrow, D. D. (D), Welder Operator, To- 
ledo Edison Co.; (Res.) 126 Dudley St., 
Maumee, Ohio. 

Dettwiler, Walter P. (B), District Sales 
Manager, Williams & Co., Inc., 1921 Dun- 
lap St., Cincinnati, Ohio. 

De Vries, Henry K. (C), Welding Engr., 
Metai & Thermit Corp., 6113 Webbland 
Place, Cincinnati, Ohio. 

Dewald, William A. (C), Assistant to the 
Vice-President, The Lincoln Electric Com- 
pany; (Res.) 2235 Jackson Blvd., Uni- 
versity Heights, Cleveland, Ohio. 

De Witt, Edward James (B), Vice-Pres. in 
Charge of Engrg., Wallace Supplies Mfg. 
Co., 1310 Diversey Pkwy., Chicago, III. 

Dexter, D. O. (D), 2628 Walnut, Hunting- 
ton Park, Calif. 

Dexter, Louis I. (B), Shop Supt., The James 
H. Tower Iron Works, Providence, R. I. 
Dick, Walter G. (C), Welding Dept., Foster- 
Wheeler Corp., 51 Ossian St., Dansville, 

N. Y. 

Dickau, Henry H. (I), 107-32—118th St., 
Richmond Hill, L. I., N. Y. 

Dickerson, R. D. (D), Welder, Kansas Gas 
& Elec. Co., Ripley Station, Wichita, 
Kansas. 

Dickins, G. F. (C), Dist. Manager, Air Re- 
duction Sales Co., 226 B. M. A. Bidg., 
Kansas City, Mo. 

Dickinson, Raymond E. (ID), Welder, Arctic 
Circle Exploration Co., Candle, Alaska; 
(Res.) 90S West 70th, Seattle, Wash. 

Dickinson, M. S. (C), Supt., Dravo Corp., 

ag Meadow Lane, Edgeworth, Sewickley, 

Dickson, R. H. (B), Vice-President, Hether- 
ington and Berner, Inc., 701 Ky. Ave., 
Indianapolis, Ind. 

Didday, Herman C. (C), Maintenance Fore- 
man, Cincinnati Milling Machine Co.: 
(Res.) R. D. 5, Batavia, Ohio. 

Diekelman, W. (1D), Thornton, Illinois. 


Dierckx, Jules (C), 136 West 16th Street, 


New York, N. Y. 

Dietrich, Nevin M. (C), Operator, Mare 
Island Navy Yard, P. O. Box 1409, Val- 
lejo, Calif. 

Dietz, Wm. F. (B),. Assistant Manager, 
Westinghouse Elec. & Mfg. Co., 323 
Washington Bldg., Washington, D. C. 

Dill, Frederick H. (B), M. E. Dept., Ameri- 
can Bridge Co.; (Res.) 404 Maple Lane, 
Edgeworth, Pa. 

Dillman, E. E. (B), Efeo, Inc., 3501 W. 11th 
St., Houston, Texas. 

Dillon, Walter R. (D), Welder, American 
Forge Co.; (Res.) 11838 Lafayette Ave., 
Chicago, 
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Dimelow, Harry K. (B), Works Manager 
M. W Kellogg Co.: Res 639 Todt Hill 
Road, Dongan Hills, Staten Island, N. Y 

Dimmett, Cecil (D), Welder, International 
Harvester Co.: (Res.) 401 Grand Ave., In- 
dianapolis, Ind. 

Diserens, Ralph (CC), Chief Draftsman, 
Cincinnati Shaper Co., Hopple & Garrard, 
Cincinnati, Ohio. 

Dishman, Chas. H. (C), Western District 
Mer. of Sales, Granite City Steel Co., 
1016 Baltimore Ave., Kansas City, Mo. 

Dissmeyer, E. F. (C), Electrical Engineer- 
ing, Commonwealth & Southern Corpora- 
tion, Consumers Power Building, Jackson, 
Mich. 

Divan, Louis S. (B), Asst. General Superin- 
tendent, Baldwin Locomotive Works, 
Paschall Station, Philadelphia, Pa. 

Doan, Gilbert (D), Head Dept. of Metal- 
lurgy, Lehigh University, Bethlehem, Pa. 

Dodd, Leslie H. (C), District Engineer, 
American Institute of Steel Const., Inc. 
1405 Paul Brown Bldg., St. Louis, Mo. 

Dodge, Paul (D), Tool & Die Welder, De- 
Soto Motor Car Co.: (Res.) 14526 Wel- 
land Ave., Detroit, Mich. 

Doering, Roger W. (B), Structural Engi- 
neer, Westinghouse Air Brake Co., Me- 
Cully Drive, R. D. 1, Wilkinsburg, Pa. 

Doering, Walter (ID), Machinist, RCA Victor 
Co.; (Res.) 15 Gradwell Ave., Maple 
Shade, N. J. 

Doerner, Otto (CC), Production Engr.., 
Zenith Radio Corp.; (Res.) 6001 W 
Dickins Ave., Chicago, 

Doherty, Edward R. (C), Chief Inspector, 
Mutual Boiler Insurance Company of 
Boston, 60 Batterymarch, Boston, Mass 

Dolan, J. W. (C), The Linde Air Products 
Co., 1280 Main St., Buffalo, N. Y. 

Dolan, Wm. (D), Welder, Foster-Wheeler 
Corp., Carteret, N. J 

Doll, F. A. (C), Supt.. Basea Mfe Co., 3019 
Roosevelt Ave., Indianapolis, Ind 

Donahey, Herman W. (B), Welding Super- 
visor, Wm. B. Scaife & Sons, 26 Ann St., 
Oakmont, Pa. 

Donald, Russell S. (B), District Manager 
Sales. Thomson-Gibb Electric Welding 
Co., 50 Church St., New York, N. Y. 

Donaldson, J. R. (C), Contracting Engineer, 
Chicago Bridge & Iron Co., Box 2567 
Houston, Texas. 

Donaldson, Jos. T. (B). Jr. Designer, Beth- 
lehem Steel Co.: (Res.) 1252 Maple St., 
Bethlehem, Pa. 

Donegan, Charles E. (€), Salesman, The 
Linde Air Products Corp., 912 Baltimore 
Ave., Kansas City, Mo. 

Donegan, James F. (B), Supervising Engi- 
neer, The Fidelity & Casualty Co. of 
N. Y., 1505 Federal St., Dallas, Texas. 

Donnelly, John W. (D), Welder, Lincoln 
Electric Co.; (Res.) 10515 Parkhurst 
Dr., Cleveland, Ohio. 

Donnelly, Wm. Wise (C), Shop Supt.., 
Atlantic Gulf & Pacifie Co., Manila, P. I 

Donohue, John J. (B), Manager, Stuart 
Oxygen Co., 5700 So. Alameda St., Ver- 
non, Calif 

Donovan, James (B), Treasurer, Artisan 
Metal Products, Inc., West St. at Sullivan 
Square, Charlestown (Boston), Mass 

Dorer, Chas. A. (1D), Welder, Superior Weld- 
ing Co. Ine.; Res.) 207 Murray St.., 
Newark, N. J 

Dormer, John A. ((), Structural Engineer 
Design Div., Bureau of Yards & Docks 
Navy Dept., Washington, D. C 

Doucette, H. W. (B), Mgr., Chief Instructor, 
Capitol Trade School, 252 Aborn St., 
Providence, R. I. 

Doud, H. P. C), Are Welding Sper alist, 
General Electric Co., 700 Antoinette St.. 
Detroit, Mich. 

Douglas, Geo. C. (C), Sales Mer., Broadway 
Welding & Mach. Works, 1021 W. Broad- 
way, Spokane, Wash 

Douglas, W. R. (C), The American Ship- 
bldg. Co., Lorain, Ohio 


ALPHABETICAL LIST OF MEMBERS 


Douglass, Arthur S. (A), Construction Engi 
neer, The Detroit Edison Company, 2000 
Second Avenue, Detroit. Mich 

Douglass, Earl E. (1D), Gas & Are Welding, 
A. B. Farquhar Co., Ltd Res.) 2901 W. 
Market St.. York, Pa 

Dow, William G. (B Associate Professor of 
Electrical Eng., University of Michigan 
(Res 1603 Shadford Rd Ann Arbor 
Mik h 

Downing, Donald R. ((), Welding Instruc- 
tor, Milwaukee School of Engineering 
(Res 945 N Jefferson St.. Apt 35, 
Milwaukee, Wis 

Downing, H. M. (C 
Grange, Il! 

Downs, Edward (( Shop Supt., Ben 
Sibbitt Iron Works Res.) 710 E. Ist 
St., Wichita, Kans 

Doyal, John P. (* Welding Foreman, 
Combustion Engrg. Co (Res 662 
Central Y. M. C. A., Chattanooga, Tenn 

Doyle, E. A. (B), Consulting Engineer 
The Linde Air Products Co., 30 BE. 42nd 
St.., New York, N. ¥ 

Doyle, James H. (C Manager, Work 
Order Dept Joseph r Rverson & Son 
Inc., P. O. Box 484, Jersey City, N. J 

Drake, G. E. (C), The Linde Air Prods. Co., 
Wichita, Kans 

Drake, H. C. B). Direetor of Research 
Engineer, Sperry Products, Ine., 1505 
Willow Ave., Hoboken, N. J 

Drennon, Raleigh (C), Owner, Raleigh 
Drennon Axle & Spring Service, 357 W 
Peachtree St., Atlanta, Ga 

Dresher, C. S. (B), Welder, Greenwich Gas 
Co., Box No. 33, Cos Cob, Conn 

Drevitson, Wesley B. (C), Welding Insp.. 
Panama Canal; (Res.) General Delivery, 
Pittsburgh, Pa 

Drew, L. F. (B), President, Truck Welding 
Co., 739—9th Ave. No., Seattle, Wash 

Drinkwater, Wade (1)), Operator, Wade's 
Garage, 53911 Classen Blivd., Oklahoma 
City, Okla. 

Driscoll, Joseph M. (C), District Manager, 
Air Reduction Sales Company, 1210 West 
69th St., Cleveland, Ohio 

Druetzler, Charles O. (B), Welding Fore- 
man, Electro-Motive Corp.; (Res.) 4219 
Madison Ave., Congress Park, Ill 

Drum, A. E. (1D), Welding Foreman, Penn 
Furnace & Iron Co Res.) 109 Canton 
St., Warren, Pa 

Drury, B. B., Jr. (C), National Cylinder Gas 
Co., Box S38, Dallas, Texas 

Du Bois, Edward (10), Welder, Fore River 
Shipbuilder; Res 89 Norton St., N 
Weymouth, Mass 

Duemmel, Frank (1)), Are Welder, Eastman 
Kodak Co Res 062 Glide Street 
Rochester, N. ¥ 

Duesing, Ernest 1), Foreman, Olive 
Mack Co Res R. D. 2, Grand R apids 
Mich 

Duff, Gordon (B Owner, Gordon Duff 


$32 Eighth Ave., La 


2255 Sepulveda Blvd., West Los Angeles 
Calif 

Duff, Ralph Local Manager Williams 
& Co Ine.: Res 1987 Suffolk Road 


Columbus. Ohio 


Duffy, (C Vice-Pres Ohw River 
Sand Co., Brook & River Rd., Louisville 


Ky 

Duffy, J. William (1D), Welder, 7835-—65th 
St.. Glendale Brookly1 N. ¥ 

Dukes, Marcus R. (3), Ser Inspector 
Ship Construction Hu Bethlehem 
Steel Yards Res 625 Seott St San 
Francisco, Calif 

Duncan, Andrew (( Naval Architect 


Dravo Corporation, Neville Is., Pittsburgh 
Pa. 

Dunham, M. Keith (3), Chairman, National 
Cylinder Gas Co., 205 W. Wacker Drive 
Chi ll 


Dunklee, Robert E B Prop. Machine 
Shoy 72 Flat St Brattlebs« Vt 
Dunn, Thomas J. J. (D), Welding Foreman 
Horace T. Potts ( 500 FE. Erie Ave 
Ph ladel pt a, Pa 
939 
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Dunn, Wm. J. (C), Service & Erection Dept., 
Combustion Engrg Cc o., 200 Madison 
Ave., New York, N. 

Dunnam, F. S. (C), Shop Supt., Patterson 
Steel Co.; (Res.) 722 N. Evanston, Tulsa, 
Okla. 

Dunne, John J. (B), Sales, Paschall Oxygen 
Co., 73rd & Woodland Ave., Phila., Pa. 
Dunne, M. F. (C), Welding Supervisor, 
Air Reduction Sales Co., Oklahoma City, 

Okla. 

Dunning, N. E. (D), Welding Foreman, 
Wilcox Gay ry , Charlotte, Mich. 

Durand, W. F. (B), Prof. Emeritus, Mechani- 

cal E ngineering, Stanford University, 
Palo Alto, Calif. 

Durham, Clyde (D), Welding Supervisor, 
General Elect. Co.; (Res.) 574 Ontario St., 
Schenectady, N. Y 

Durkee, E. Leland (C), Resident Engineer, 
Bethlehem Steel Co., Bethlehem, Pa. 

Durney, Martin M., Sgt. (D), Welder and 
Cutter, The Ordnance School, U. 8. Army; 
(Res.) 40th Ordnance Company, Aber- 
deen Proving Ground, Md. 

Durstine, John E. (C), Sales Engineer, The 
Lincoln Elec. Co., 404 No. 23 St., Bir- 
mingham, Ala. 

Duty, James M. (D), Welder, Washington 
Navy Yard; (Res.) 412 East Alexandria 
Ave., Alexandria, Va. 

Dwyer, Edw. (C), Mgr. Welding Dept., 
Cook Iron Store Co., 128 St. Paul St., 
Rochester, N. Y 

Dyar, Hugh H. (B), Dist. Manager, The 
Linde Air Products Co., 1517 Superior 
Ave. Cleveland, Ohio. 

Dye, Gil V. (C), Owner, Dye Welding Sup- 
ply Co., 1109 Austin St., Houston, Texas. 

Dyer, Wm. (C), Acting District Engineer, 
The Austin Company; (Res.) 1147 Car- 
lyon Road, East Cleveland, Ohio. 


E 

Eagle, Stephen S. (B), District Manager, 
American Car & Foundry Co., Madison, 
Ill. 

Eaglesfield, R. D. (B), Partner, R. D. 
Kaglesfield, 300-400 So. La Salle St., 
Indianapolis, Ind. 

Eaglesfield, R. D., Jr. (C), Partner, R. D. 
Eaglesfield, 300-400 8S. La Salle St., 
Indianapolis, Ind. 

Earl, Lloyd R. (C), Plant Supt., Cons. Steel 
(Res.) 1621 Primrose, Alhambra, 
Yalif. 

Earnest, L. E. (B), Co-ordinator of Spot 
Welding, Solar Aircraft Co., San Diego, 
Calif. 

Eastman, Leslie E. (ID), Partner, Eastman 
Welding Works; (Res.) 425 Irving Ave., 
Glendale, Calif. 

Easton, Frank S. (C), Chief Engineer, 
Mexico Tramways Company, 164 Dr. 
Lavista St., Mexico City, Mexico. 

Easton, W. J. (B), Preside nt, The Phillips 
& Easton Supply Co., 244 8. Wichita St., 
Wichita, Kans. 

Eaton, Aaron L. (A), General Supt., Tread- 
well Const. Co., Midland, Pa. 

Eaton, C. D. (B), Charge Hand Welder, J. K. 
Eaton & Sons Ltd., 312 Sydney Road, 
Durban, South Africa. 

Ebashi T. (C), Welder, Yokokawa Bridge 
Works, Ltd., 1 Chome, Tsukimi-Che 
Shiba-Ku, Tokyo, Japan. 

Eber, Louis, Jr. (D), Welder, Buffalo Foun- 
dry & Machine, Fillmore & Ferry, Buffalo, 
| 

Eberhardt, Jacob, Jr. (D), Lab. Mech. & 
Welder, National Bureau of Standards; 
(Res.) 112—15th St. 8. E., Washington, 

Eckberg, A. R. (C), Supt. Engr. & Maint. 
Shop, Eastman Kodak Co.; (Res.) 185 
Shoreham Drive, Rochester, N. Y. 

Ecklund Paul A. (©), Foreman, Delco Appl. 
Corp.; (Res.) 36 Hargrave St., Rochester, 


Eddingsaas, Otis (C), Owner, Wauwatosa 
Welding Shop; (Res.) 1070 N. 68th St., 
Wauwatosa, Wis. 


Edelman, Howard (1D), Supervisor & Opera- 
tor, Nazareth Steel Fabs., So. Broad St., 
Nazareth, Pa. 

Edelson, L. (B), Handy & Harmon; (Res.) 
161 Irwin St., Brooklyn, N. Y. 

Edleman, Leo A. (C), Welder gang boss, 
American Potash & Chem. Corp.; (Res.) 
Trona, Calif. 

Eder, F. (B), Robert W. Hunt Co., 59 Mur- 
ray St., New York, N. Y 

ae G. D. (C), Electric Welder, 

R. R. Co.; (Res.) 6 Brady 
hite Piains, N. Y. 

Edmundson, C. D. (B), Engineer, Acetone 
Illumination & Welding Co., Ltd., P. O 
Box 149, Napier, New Zealand. 

Edmundson, E. C. (B), Vice-President, 
Williams and Company, Inc., 901 Penn- 
sylvania Ave., N. 8., Pittsburgh, Pa. 

Edsall, Stanley D. (C), Manager, Air Re- 
duction Sales Co., 1116 Ridge Ave., N.8., 
Pittsburgh, Pa. 

Edward, Edward J. (B), Chief Metallurgical 
Engineer, American Locomotive Co., 
Schenectady, N. Y. 

Edwards, George (ID), Welder, Ford Motor 
Co., Windsor; (Res.) 1144 Moy Ave., 
Windsor, Ont., Canada. 

Edwards, James L. (B), Consulting Engi- 
neer, Edwards & Hjorth, 14 East 47th 
St., New York, N. Y. 

Edwards, J. Preston (C), 6152 Locust, 
Kansas City, Mo. 

Edwards, John (ID), Welder, Lukenweld, 
Inc.; (Res.) Y. M. C. A., Coatesville, Pa. 

Edwards, Oliver H. (C), Welding and Sheet 
Metal, Dept. Manager, Cincinnati Butch- 
ers Supply Co., 2145 Central Parkway, 
Cincinnati, Ohio. 

Egan, Howard P. (C), Dist. Manager, Lin- 
coln Elec. Co.; (Res.) 6729 Dublin Road, 
Worthington, Ohio. 

Egger, E. J. W. (B), Service Engineer, The 
Linde Air Products Co., 311 Ross St., 
Pittsburgh, Pa. 

Ehrhardt, Paul T. (D), Welder, Westing- 
house Elec. & Mfg. Co.; (Res.) 1004 
Washington Ave., McKeesport, Pa. 

Eichstaedt, Walter (D), Welder, Stearnes 
Co.; (Res.) 5717 Ainslie St., Chicago, IIl. 

Eirons, Ray (C), Salesman (Fabricating 
Division), Taylor-Winfield Corp., 1328 
Citizens Bldg., Cleveland, Ohio. 

Eisenman, W. H. (B), Secy., Am. Soc. for 
Metals, 7301 Euclid Ave., Cleveland, 
Ohio. 

Eisensee, Arthur (C), Electric Are Welder, 
Chicago Bridge & Iron Co., 119 Long Ave., 
Hillside, N. J. 

Eiwen, Chas. J. (C), Jr. Welding Engineer, 
U. S. Naval Gun Factory; (Res.) 2039— 
36th St., S. E., Washington, D. C. 

Ekblad, Axel H. (1D), 3731 Quincy St., N. E., 
Minneapolis, Minn. 

Eksergian, C. L. (B), Budd Wheel Co., 12141 
Charlevoix Ave., Detroit, Mich. 

Elbourne C. H..(B), Welder, Standard Oil 
Co. of La.; (Res.) 768 Nichols St., Baton 
Rouge, La. 

Elder, Clayton Thomas (B), Salesman, 
Cleveland Electric Illuminating Co., 75 
Public Square (Box No. 6776), Cleveland, 
Ohio. 

Eldred, Stephen E. (C), Foreman, R. G. Le 
Tourneau, Ine.; (Res.) 1106 E. McClure 
Ave., Peoria, Ill. 

Ellinger, Geo. A. (C), Assoc. Metallurgist, 
National Bureau of Standards, Washing- 
ton, D. ¢ 

Elliott, Edward (B), Assistant Principal 
Engineer, Pullman-Standard Car Mfg. Co.; 
(Res.) 6 Devens Road, Worcester, Mass. 

Elliott, John E. (C), Division Engineer, 
American Bridge Co., Frick Building, 
Pittsburgh, Pa. 

Elliott, Joseph (D), 774 St. George Ave., 
Woodbridge, N. J. 

Elliott, Richard B. (D), Welder, Central 
Engineering Co., General Delivery, Sum- 
merville, 8. C. 

Elliott, Thomas (D), Spot Welder, 3339 
Blaine Ave., Detroit, Mich. 


Elliott, William (B), Welding Engineer. 
Honolulu Iron Works: (Res.) 48124 
Kahala Ave., Honolulu, T. H. 

Ellis, A. R. (B), President, Pittsburgh Test. 
ing Laboratory, 1330 Locust St., Pitts. 
burgh, Pa. 

Ellis, J. J. (C), Welding Foreman, Tulsa 
Boiler & Mach. Co.; (Res.) 840 8S. Gary 
Place, Tulsa, Okla. 

Ellis, Richard (B), Acting District Manager 
The Austin Co., 877 Dexter Horton Bldg 
Seattle, 

Elly, Robert D. (C), Industrial Engineering 
Foster-W orp.; (Res.) 409 West 
End Ave., Elizabeth, N. J. 

Elsener, L. A. (C), District Manager, Chi- 
cago Bridge & Iron Company, 416 Rialto 
Bldg., San Francisco, Calif. 

Elverson, Elver (D), Welding Operator, 
Hampton Bays, L. I., N. Y. 

Elwood, E. S., Jr. (D), Testing Dept 
General Elec. Co.; (Res.) Y. M. C. A 
Bridgeport, Conn. 

Elwood, Howard (B), Owner & Operator, 
Box 443, Ranger, Texas. 

Emerson, George P. (B), Assistant Manager, 
Engineering Division, Maryland Casualty 
Company, 701 W. 40th St., Baltimore M. i 

Emerson, Roy W. (B), Welding Engr. & 
Met., Pitts. Piping & Equip. Co., 10— 
43rd St., Pittsburgh, Pa. 

Emery, Frank C. (C), Supervisor Applied 
Eng. Dept., Air Reduction Sales Co., 
2423 E. 58th St., Los Angeles, Calif. 

Emery, Willard (B), Supt. of Welding, 
Worthington Pump & Mach. Corp., 
Harrison, N. J. 

Emig, Emery (B), Gen. Foreman, Jaeger 
Mach. Co.; (Res.) 469 Townsend Ave., 
Columbus, Ohio. 

Emin, G. H. (B), Western Manager, Welding 
Rod Division, Bridgeport Brass Company, 
616 So. Michigan Ave., Chicago, Ill. 

Emmert, Keith (C), Welding Instructor 
Fresno Technical High School, Stanis 
Laus & “‘O” St., Fresno, Calif. 

Emmons, Robert H. (C), Welding Super- 
visor, The Procter & Gamble Co., Ivory- 
dale, Ohio. 

Enck, E. G. (C), Chemical Director, Foote 
Mineral Co.; (Res.) “Tail Winds,” 
Swedesford Road, Gwynedd Valley, Pa. 

Endlich, Philip J. (C), Chief Draftsman, 
Industrial Dept., Public Works Division, 
ae | Yard, P. O. Box 676, Portsmouth, 

N. H. 

William (D), Welder Lunken- 
heimer Co.; (Res.) 3958 Regent Ave., 
Norwood, Ohio. 

Engle, Arthur D. (B), Director of Research 
The Austin Company, 16112 Euclid Ave 
Cleveland, Ohio. 

Engler, Paul E. (B), President & Manager 
The Balbach Co., Omaha, Nebr. 

English, Elton T. (C), Welder, Chicago 
Bridge & Iron Co., 119 Long Ave., Hillside 
N. 


English, Richard C. (C), Asst. Marine En- 
gineer, Industrial Dept., Design Section 
U. S. Navy Yard, Philadelphia, Pa.; 
(Res.) 123 Landseer St., West Roxbury, 
Mass. 

English, Walter W. (C), Welding Instructor, 
Board of Education; (Res.) 4322 Walton 
Ave., Los Angeles, Calif. 

Ennis, H. V. (C), American Car & Foundry 
Co., 30 Church St., Room 1326, New York, 

Enslin, E. M. (B), Supt., St. Louis Shipbidg 
& Steel Co., Foot of Marceau St., %t. 
Louis, Mo. 

Ensminger, Frank P. (D), Are Welding, A 
B. Farquhar & Co., Ltd.; (Res.) 288 Cot- 
tagehill Road, York, Pa. 

Enzian, I. Richard (C), Sales Engineer, 
A. M. Byers Co., 508 Munsey Bldg 
Washington, D. C. 

Eppley, W. C. (D), Boiler Repairman, Ohio 
Power Co., Philo, Ohio. 

Erby, Charles (D), Electric Are Welder, 
Keystone 8. & W. Co.; (Res.) 122 Rosaria 
Ave., Bartonville, Ill. 
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Erenyi, G. (B), Are Engrg. Supply Co., 
25 Maddison St., Jeppe, Johannesburg, 
South Africa. 

P. (B), Asst. Chief Engineer, 

ex Manufacturing Co. Inc., Conners- 
», Ind. 
pricks on Harry A. (B), Estimating Engi- 
21 8. Mariposa St., Burbank, Calif. 
cane Carl B. (C), Foreman, Welding 
Dept., Sullivan Machinery Co., Clare- 
mont, N. H. 

Erler, J. (C), Chief Metallurgist, Farrel 
Birmingham Co., Ansonia, Conn. 

Erwin, E. Daniel ( D), Ship Welder, Western 
Pipe & Steel Co., Rt. 2, Box 101 B, Redwood 
City, Calif. 

Erwin, Frank J. (C), Associate Structural 
Engineer, Office of Quartermaster, Gen- 
eral War Dept.; (Res.) 6018 North 21st 
t., Arlington, Va. 

Eskilson, Knut (D), Electric Welder, Star 
Elec. Motor Co.; (Res.) 310 Ivy St., 
Kearny, N. J. 

Esslinger, Fred J. (C), Metallurgical Engi- 
neer, Worth Steel Comp., Claymont Rd.; 
Res.) 801 Rodman Road, Bellefonte, 
Wilmington, Del. 

Estes, L. L. (C), 8115 Glenbrook, Houston, 
Texas. 

Estrada, W. J. (D), 2986—19th St., Sacra- 
mento, Calif. 

Esty, O. R. (C), Arc Welder, Chicago Bridge 
& Iron Co., 119 Long Ave., Hillside, N. J. 

Etter, Harold P. (C), District Manager (Los 
Angeles), Air Reduction Sales Company, 
2423 East 58th St., Los Angeles, Calif. 
Etters, Lloyd (D), Welder, York Safe and 
Lock; (Res.) 1268S. Queen St., York, Pa. 
Evans, Everette (C), Sales Engineer, Hawaiian 
Gas Products, Ltd., P. O. Box 2454, 
Honolulu, T. H. 

Evans, James K. (C), Supervising Welder, 
Western Pipe & Steel Co.; (Res.) P. O. 
Box 753, Brisbane, Calif. 

Evans, M. S. (C), Plant Engineer, American 
Car & Fdry. Co., Berwick, Pa. 

Evans, W. L. (D), Asst. Supt. Boiler | es 
Foster Wheeler Corp., Carteret, N. 

Eveleth, F. V. (C), Welder, Pitts. teal & 
Equipment Co.; (Res.) R. D. 1 Hidden- 
ite, N. C. 

Everhard, E. P. (C), Vice-Pres., William A. 
a Company, 26 No. Jefferson, Chicago, 


Evert, Herbert W. (D), Operating Welder, 
Vilter Mfg. Co.; (Res.) 2412 N. Holton St., 
Milwaukee, Wis. 

Ewertz, E. H. (B), Consulting Engr., Ewertz 
4 _—— 29 Broadway, New York, 

Ewertz, Harold N. (B), Sales Manager, 
Arcos Corp., 401 N. Broad St., Philadel- 
phia, Pa. 


F 

Faden, James L. (B), Electric Heating Engi- 
neer, Boston Edison Co., 39 Boylston St., 
Boston, Mass. 

Fairchild, Frank (D), Welder, Danuser Mach. 
Shop, 108 W. 4th St., Fulton, Mo. 

Fairchild, G. Barnett (C), Welder, Cruse- 
Kemper Co., Ambler, Pa. 

Faison, James H. (D), Welder, Moore Dry- 
dock Co.; (Res.) 3717 Keller Ave., Oak- 
land, ‘alif. 

Falconer, Archer E. (C), Civil Engineer 
(Structural), Navy Dept., Bureau of 
Yards & Docks; (Res.) 3511—22nd St., 
N. Arlington, Virginia. 

Fancher, A. C. (D), Machinist and Ww elder, 
Ireland Machine and Foundry Co.; (Res.) 
40 Bordern Ave., Norwich, N. Y 

Farmer, F. M. (B), ( ‘hief Engineer, Electrical 
Testing Labs., 79th St. & East End Ave., 
New York, N. Y. 

Farnham, M. A. (C), Churehward Eng. Co., 
33 Sperry St., New Haven, Conn. 

Farnsworth, R. D. (D), Fuel Tank Welder, 
Douglas Aircraft Co.; (Res.) 3657 Boise 
Ave., Venice, Calif. 

Farquhar, B. W. (B), Welding Engr., Gulf 
Ou Corp., Box 4, Port Arthur, Texas. 
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Farr, Wm. S. (C), Assistant Sales Manager, 
Air Reduction Sales Co., Shreveport, La. 

Farrer, P. M. (1D), Welder, Concord, Calif. 

Farris, Howard Ss. (C), Welder Keystone 
Steel-Wire Co.; (Res.) 100 N. 13th St., 
Pekin, Ill. 

Farris, W. A. (D), Welder, The Ohio Power 
Co., Duncan Falls, Ohio. 

Fassero, Frank (C), Foreman, Edison 
General Electric App. Co.; (Res.) 5109 
W. 24th Place, Cicero, Il. 

Faulk, F. R. (C), Owner, F. R. Faulk Equip- 
ment Sales, 405 Penn Ave., Pittsburgh, Pa. 

Faulkner, James H. (C 
Commonwealth Edison Co., 
St., Room 1000, Chicago, Ill 

Faverty, Ray R. (D), Welder, Western Pipe 
& Steel Co.; (Res.) 424 Clinton St., Red- 
wood City, Calif. 

Fawcett, Lewis H. (B), Metallurgist, Metal- 
lurgical & Testing Section, Navy Yard, 
Washington, D. C. 

Fay, Patrick (C), Managing Director, South 
of Ireland Electric Are Welding Co., Ltd., 
8 Griffith Ave., Dublin, Ireland. 

Fay, Z. John (B), Designing Engineer, 
Arthur G. McKee Co., P. O. Box 6224, 
Cleveland, Ohio. 

Featheringham, T. J. (C), Supt., Youngs- 
town Welding & Eng. Co., Youngstown, 
Ohio. 

Febrey, H. H. (C), Amer. Steel & Wire Co., 
71 Broadway, New York, N. Y. 

Feely, H. M., Jr. (C), Company Engineer, 
Pittsburgh Tube Co., Monaca, Pa. 

Feely, John (D), Foreman, William Mac- 
Sorley Inc.; (Res.) 1975 Bathgate Ave., 
Bronx, N. Y. 

Fehlen, M. J. (B), Foreman, Channel Div., 
Dura-Division Detroit Harvester Co., 
4500 Detroit Ave., Toledo, Ohio. 

Fehr, R. B. (B), Chief Engineer, Una Weld- 
ing, Inc.; (Res.) 1362 E. 139 St., Cleve- 
land, Ohio. 

Feiner, Mark A. (B), Sec., P. Feiner & Sons, 
Inc., 552 West 52nd St., New York, N. Y. 

Feldhaus, Frank J. (C), Supt., Combustion 
Engr. Co., Heine Boiler Div., 5319 Shreve 
Ave., St. Louis, Mo. 

Feniewicz, Roy (D), Welding Instructor, % 
Elec. Welding Service Co., Torresdale 
Ave. & Paul St., Frankford, Philadelphia, 
Pa. 

Fennell, Le Barron J. (C), Vice-President, 
New England Welding Labs., Inc., 88 
St. Stephen St., Boston, Mass. 

Fentress, D. Wendell (C), Engineer, Chi- 
cago Metal Hose Corporation, Maywood, 
Illinois. 

Fergusan, J. L. (C), Design Draftsman, The 
Panama Canal, Box 186, Balboa Heights, 
Canal Zone. 

Ferguson, J. E. (B), Manager & Engineer, 
The Austin Co., Box 3028, Cleveland, 
Ohio. 

Ferguson, Samuel (B), Managing Director, 
Ferguson, Pailin Ltd., Buckley St., Higher 
Openshaw, Manche ste r, England. 

Ferguson, William (B), Assistant Superin- 
tendent, Engineering & Inspection Div., 
The Travelers Insurance Co., 700 Main 
Street, Hartford, Conn. 

Fergusson, Hugh B. (B), Civil Engineer, 
Director, G. A. Harvey & Co. (London) 
Ltd., Charlton, R. D., London, England. 

Ferrari, E. (ID), Welder, Western Pipe & 
Steel Co.; (Res.) 570 Miller Ave., So. San 
Francisco, Calif. 

Ferraro, Joseph (D), Welder & Driver, 431 
So. Campbell Ave., Chicago, IIl. 

Ferre, Herman (C), General Supt., Produc- 
tion Dept., Porto Rico Iron Works, Inc., 
P. O. Box 1589, Ponce, Puerto Rico. 

Ferree, E. B. (B), Welder Foreman, Freeport 
Sulphur Co., P. O. Box 22, Port Sulphur, 
a. 


Ferril, Paul (F), Amorita, Okla 

Ferry, J. - C), 56 Richardson St., 
don W. 5, Victoria, Australia. 

Fetcher, Soha R. (B), Welding Engineer, 
E. G. Budd Mfg. Co., Philadelphia, Pa 


. Sales Engineers, 


72 W. Adams 


Essen- 


ALPHABETICAL LIST OF MEMBERS 


Fetherston, Thomas C. (8), Manager, Pub- 
licity Division, General Publicity Depart- 
ment, The Linde Air Products Company, 
30 E. 42nd St., New York, N. Y. 

Fetz, A. F. (C), 18905 Barlow, 
Mich. 

Feyling, P. L. F. (B), Factory Manager 
Whitehead Metal Prod. Co., Ine., 235 
Bridge St., Cambridge, Mass 

Ffield, Paul (B), Materials Engineer, Beth- 
lehem Shipbuilding Corp., 98 E. Howard 

t., Quincy, Mass 

Filimon, Victor (F), 159 E. Lane, Columbus, 
Ohio. 

Fillmore, R. E. (C), Welding Shop Prop., 
Augusta Welding & Mach. Shop, 323 8 
State St., Augusta, Kans 

Findlay, Samuel N. ((), Foreman of Main- 
tenance, National Tube Co., Lorain, Ohio 

Fischer, Michael (1)), Welder, Standard 
Oil Co., 21 Tunnel Ave., Richmond, Calif 

Fish, Edwards R. (B), Chief Engr., Boil ler 
Div., Hartford Steam Boiler Insp. & Ins 
Co., 56 Prospect st Hartford, Conn 

Fish, Gilbert D. (B), Consulting Engineer, 
101 Park Ave., New York, N. Y 

Fish, J. Arthur (C), Maintenance Engineer, 
E. I. du Pont de Nemours, Niagara Falls, 
N. Y. 

Fisher, A. (D), Welding Foreman, Algoma 
Steel Corp., Sault Ste. Marie, Ont., Can- 


Detroit, 


ada. 

Fisher, oO. W. ice-Pres. & Chief Engr., 
L. O. Stoves Brother Inc., 154 Ogden 
Ave., Jersey C N. J 


Fisher, Robert ). Supt. Machine Shop, 
Coplay Cement Mfg. Co.; (Res.) 148 
Second St., Coplay, Pa 

Fisher, Russell (C), Owner, Arc Welding 
Co., P. O. Box 4576, Oklahoma City, 
Okla. 

Fisher, Simon (B) Chief Welding Engr., 
Natl. Elect., Welding Machine Co., Bay 
City, Mich. 

Fitzgerald, F.‘"R. (C), Mech. Engr., Pure Oil 
Co., 35 E. Wacker Drive, Chicago, Ill. 

Fitzgerald, Robert (C), Neweut Rd., R. D. 1 
Ellicott City, Md. 

Fitzgerald, Walter F. A. (C), Engineer, 
Jones & Laughlin Stee! Corporation; 
(Res.) 632 Means Ave., Bellevue, Pitts- 
burgh, Pa. 

Fitzpatrick, John (D), Welder, Baker, Smith 

Co.; (Res.) 32—21—44th St., Long Is- 
land City, N. Y. 

Fizzell, James L. (B), Vice-President & 
Treasurer, National Steel Products Co., 
1611 Crystal Ave., Kansas City, Mo 

Fladland, Henry G. (D), Electric Welder, 
Puget Sound Navy Yard, P. O. Box 308, 
Bremerton, Wash. 

Flanigan, J. G. (C), Supt., MeCathron 
Boiler Co.; (Res.) 1510 Norman S8t., 
Bridgeport, Conn. 

Flansburg, Claude (1D), Welder, McCarthy 
Well Co.; (Res.) 4240 Adair Ave., Rob- 
binsdale, Minn. 

Flasck, Jos. (B), Foreman, Heltzel Steel 
Form & Iron Co., Warren, Ohio 

Fleiss, H. H. (B), Fabrikant, P. O. Box 276, 
Duisburg Rhine, Germany 

Fleming, Herbert J. (B), Master Mechanic, 
Bendix Products Div.; Res.) 3101 Lin- 
coln Way West, South Bend, Wis 

Flessner, Douglas (1), Welder, Link Belt 
Co.; (Res.) 9453 So. Loomis St., Chicago, 


Ill. 
Flocke, Frank G. (13), Welding Engr., In- 
ternational Nickel Co.:; tes.) 938 Wood- 


mere Drive, Westfield, N. J 

Flodeen, Albin H. (B), Welding Foreman, 
International Harvester Co.; (Res.) 2416 
28th St., Moline, Ill 

Floeting, Edward R. (C), Structural Engr 
Board of Education, City of N. Y.: (Res 
4609 Kings Highway, Brooklyn, N. ¥ 

Flohr, E. Firmin ((), Salesman, Bethlehem 
Steel Co., Term. Box 3147, Seattle, Wash 

Flood, E. 3. B), District Sales Manager 
Page Steel & Wire Division, 400 West 
Madison St., Chicago, Il! 
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Flood, Joe P. (C), Supt., Applied Eng., 
Air Reduction Sales Co., P. O. Box 2583 
Birmingham, Ala. 

Flynn, C. F. (C), Shop Metallurgist, Timken 
Detroit Axel Co., 100-400 Clark Ave., 
Detroit, Mich. 

Fogle, Earl (D), Are Welding, A. B. Far- 
quhar Co. Ltd.; (Res.) 223 Park Place, 
York, Pa. 

Foley, Irving S. (D), Demonstrator, Electric 
Are Cutting & Welding Co.; (Res.) 127 
Grafton Ave., Newark, N. J. 

Foley, John V. (B), Metallurgist, Walworth 
Co., Ist & O Sts., So. Boston, Mass. 

Foley, Walter J. (B), Dredging Engineer, 
Olympian Dredging Co., 2961 Clay St. 
San Francisco, Calif. 

Foley, William Jos. (B), Salesman, Machin- 
a? & Welder Corp., 729 3rd Ave., Moline, 

Folgner, Herman A. (B), Engr., Handy & 
— Co., 82 Fulton St., New York, 

Follett, Richard M. (1D), Welder, Lincoln 
Electric Co.; (Res.) 1444 E. 112th St., 
Cleveland, Ohio. 

Fomen, Leonard (1), Student, Industrial 
School of Welding; (Res.) 520 MacDonald 
St., Garfield, N. J. 

Fontana, Leon (1D), Welder, Delco Appli- 
ance Corp.; (Res.) 60 Hartsdale Rd., 
Rochester, N. Y. 

Fontana, Peter (ID), 537—78th St., North 
Bergen, N. J. 

Forbes, Edward Gordon ((€), Foreman, 
Imperial Oil Ltd.; (Res.) 237 Shepherd 
St., Sarnia, Ont., Canada. 

Ford, Wm. F. (1D), U.S. Bureau of Reclama- 
tion, Coulee Dam, Wash. 

Forgett, V. (C), Specialist, Applied Engrg. 
Dept., Air Reduction Sales Co.; (Res.) 
329 Hickory St., Teaneck, N. J. 

Forker, Edson W. (A), Mgr., Process Equip. 
Div., Blaw-Knox Co., Pittsburgh, Pa. 

Forseth, George O. (C), Salesman, Metal 
& Thermit Corp., 533 South 7th St., 
Minneapolis, Minn. 

Forssell, Pontus (C), Welding Engineer, 
Eriksbergs Mek. Verkstadsaktiebolag, 
Gothenburg, Sweden. 

Foss, Earl H. (B), Welding Supt., Murray 
Corporation of America; (Res.) 7239 
Kentucky Ave., Dearborn, Mich. 

Foss, Feodore (A), Dir. of Research and Met- 
allurgy, Wheeling Steel Corp., Room 622, 
Wheeling Steel Corp. Bldg., Wheeling, W. 
Va. 

Foster, George J. (B), Manager, Canadian 
Office, The Quasi-Are Co. Ltd., 32 Front 
St. West, Toronto, Ont., Canada. 

Foster, John H. (B), Foreman, Lockheed 
Aircraft Corp., Burbank, Calif. 

Fournier, George (1)), Welder, 1447 Ford 
Blvd. Sub. P. O. No. 11, Sandwich East, 
Ont., Canada. 

Foust, J. A. (B), Instructor of Welding, 
Ohio State Univ.; (Res.) 2333 Neil Ave., 
Columbus, Ohio. 

Fowler, Everett W. (B), Engineer, National 
Board of Fire Underwriters, 85 John St., 
New York, N. Y. 

Fowles, L. A. (B), The Brush Beryllium Co., 
3714 Chester Ave., Cleveland, Ohio. 

Fox, E. R. (D), Foreman Welder, U. 8. Engi- 
neers, P. O. Box 97, Memphis, Tens nn. 

Fraelich, L. M. (C), Boiler Inspec tor, Hart- 
ford Steam Boiler I. & I. Co.; (Res.) 501'/: 
Cumberland St., Lebanon, Pa. 

Frank, Arthur A., Jr. (C), Sales Eng., Hollup 
Corp., 800 Sheridan Rd., Evanston, III. 
Frank, Louis C. (C), Engineer, % Trackson 
Co., 3333 8S. Chase Ave., Milwaukee, V is. 
Frank, Martin M. (D), Assistant Foreman, 
Maintenance, Westinghouse Electric & 
Mfg. Co.; (Res.) R. D. 1, Mansfield, Ohio. 

Frankland, Frederick H. (B), Chief En- 
gineer, American Institute of Steel Con- 
struction, 101 Park Ave., New York, N. Y. 

Frankland, John M., Dr. (C), Physicist, 
Experimental Model Basin, Washington 
Navy Yard, Washington, D. C. 


942 


Franklin, Raymond J. (C), Research Engi- 


North Chicago, 


der, Sutton Garten 


Lineoln Electrie 


Franzen, James F. (€), Supervisor Applied 
, Air Reduction Sales Co., ‘ 
South Homan Ave., 
Director of Technical 


Nic kel Cc ompany, 


, General Production 
., Ohio Publie Service Co., I 
6058, Cleveland, i 


Welding Student, 


Frazier, Joe (1D), der, Carolina Iron & 


Fredene, P. J. (B), Foreman, The Symington 


Freeburg, W. S. | 


Freed, Milton E. 

Bethlehem Steel Co.; 
i »., New York, N. Y. 
Freedman, Carl F. (C 


(Res.) 2785 Sedg- 


. Treasurer & General 


5806 Hough Ave., 


Freeman, Chas. 
Line E tric 


Freeman, Harold B. 
Phoenix Iron Co., 


Carnegie Illinois Steel Corp.; 


Freeman, P. J. L. 
f 1514 Chestnut St., 


., Chas. Pfizer & Co., 

French, Joel (C), 
Bridge & Iron Co., 


Indianapolis Railway, 
, Indianapolis, Ind. 
Fresher, George S. 

Battery Service, 
Frey, Chas. A. (B), Master Mechanic, 


rks, 16th & Howell, N. 


nischfeger Corp.; 
Friedrich, W., Dr. _Industrial 


Frierson, William D. 


We E ner. 


Frink, Francis G. 


Frisby, Dean E. , Owner & Manager, 
Welding Works, 
Frishholz, C. E. 

. . Box 728, en, 


Turns, Incorporated, 204 East Broadway, 


Frohlin, John (B), 
‘orks, Foot West 5th St., 
Froman, Hugh C. (D), Maintenance & Weld- 

ing, N: ations al Gypsum Co.; 


, Bergen Point Iron 


Fromm, Bruno (D), 203 W. § 
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Frost, L. H. (B), District Manager, Tho, 
son-Gibb Electric Welding Co 731 
Woodward Ave., Detroit, Mich 

Frost, Sargeant E. (F), Aggie Lodge, s: 
water, Okla. 

Fuchs, B. L. (C), President, Fuchs Machinery 
& Supply Co., 1102 Farnam St., Omaha 
Neb. 

Fugate, Ralph G. (C), Welding Specialjs: 
Williams & Co., Inc., 1921 Dunlap s: 
Cincinnati, Ohio. 

Fulkerson, E. V. (B), President, Acetylene 
Products Co., P. O. Box 552, Indiana; 
Ind. 

Fullenkamp, George C. (1D), Welding En- 
gineer, Federal Machine & Welder (o.- 
(Res.) 148 Atlantic, N. E., Warren, Ohio 

Fuller, Lawrence J. (B), Engineer, Welding 
Engineers Incorporated, 4655 Stenton 
Ave., Philadelphia, Pa. 

Fuller, Ray F. (D), Operator, Ramapa Ajax 
Div. of American Brake Shoe Co.: (Res 
1708 W. 77th St., Chicago, II. 

Fuliman, J. M. G. (B), General Design 
Engr., Natl. Electric Products Corp.: 
(Res.) 904 Beaver St., Sewickley, Pa. 

Furguson, Clyde A. (C), Asst. Metallurgist, 
Ladish Drop Forge Co., Cudahy, Wis 

Furr, John A. (D), Welder, Ingalls Ship- 
building Corp.; (Res.) 1310 Beuna Vista 
St., Pascagoula, Miss. 

Fusselman, D. F. (D), Welding Operator, 
Federal Machine & Welder Co.; (Res.) 
915 Hunter St., N. W., Warren, Ohio. 

Fyke, F. C. (B), Materials Eng., Standard 
Oil Dev. Co., Elizabeth, N. J. 

G 

Gaffney, John J. (C), Gaffney’s Welding 
Service, 168—12th St., Jersey City, N. J 

Gagnow, Jos. O. (C), Director of Welding 
School, Providence School of Practical 
Training, 97 Fountain St., Providence 
R. I. 


Gailor, C. F. (C), Consulting Engineer, 50 
Church St., New York, N. Y 

Gaines, JohnM., Jr. (B), Asst. Supt. of Lab 
The Linde Air Products Co., Tonawanda, 

Gaines, N. J. (D). Shop Superintendent, 
General Manufacturing Co., Okmulgee, 
Okla. 

Gaiser, George L. (C), Genl. Supt., Leets- 
dale Works, Bethlehem Steel Co.; (Res 
110 Poplar Dr., So. Hills Pittsburgh, Pa 

Galbreath, Emil (C), Representative, Hobart 
Bros. Co., 1338 West Ave., Buffalo, N. Y. 

Gall, Richard F. (D), Welder, Lincoln Elec- 
tric Co.; (Res.) 3101 Searborough Rd., 
Cc leveland Heights, Ohio. 

Gallagher, Charles J. (C), Captain U. A. 
Ordnance Dept. School, Principal E lectric 
Welding Institute; (Res.) Charles St. at 
Lombard, Balt. & Aberdeen Proving 
Grounds, Md. 

Gallagher, C. S. (B), Asst. to Vice-Pres., 
The Bettendorf Company, Bettendorf 
Iowa. 

Gallagher, S. A. (B), Managing Partner, 
Liberty Coppersmithing Co., 1708-16 N 
Howard St., Phila, Pa. 

Gallegly, Ray (D), Operatcr Welder, White- 
ley-Palmer Co.; (Res.) 343 So. Clarkson, 
Denver, Colo. 

Galley, John (C), Partner, Cozine & Galley 
Mach. Co., 320 E. 21st St., Wichita, Kans 

Gallo, Francis A. (B), Welding Technician, 
J. L. White Co.; (Res.) 33 Wildemere 
Ave., Waterbury, Conn. 

Galloway, R. Theron (B), Structural Engi- 
neer, Consolidated Edison Company o! 
New York, Inc., Room 1500-A, 4 Irving 
Place, New York, N. Y. 

Galloway, William M. (C), Foreman Princi- 
pal, S. I. P. 3 Panama Canal Municipal! 
Engineering Division; (Res.) Gen. Delivery, 
Pedro Miguel, Canal Zone, Panama. 

Galvin, Ernest E. (B), Divisional Supt., 
Walworth Co., 798—Ist St., S. Boston, 
Mass. 

Gamm, Warren G. (F), Student, Okla. 
A. & M. College: (Res.) 115 Wheeler 

t., Ardmore, Okla. 
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I iT ware ounary 0., 
Oy Co.; (Res.) R. D. 5, Box 460, Indian- 
+8 apolis, Ind. 
ae Frantz, Lloyd (C), Electric Welding In- 
structor (Res.) 13507 
hy St. Clair Ave Cc nd. Ohio 
ens Products, International 
Inc., 67 Wall St., New 
Fr 
Frazer, F. Taylor (D), 
Delehanty’s Inst.; (Res.) 108 Hillcrest 
i Ave., Cranford, N. J. 
* Steel Co Res.) 217 W Smith St., 
> Gould Corp.; Res.) P. O. Box 993, 
Ro hester, N. 
1326 S. Second St., 
M Wie 
Weld 
etrie elder, 
an Agile Corporation, 
Cleveland, Ohio. 
5. (C), Dist. Mgr., The 
Co., 807 Iroquois Bldg., 
Phoenixville, Pa. 
KAD Freeman, Harry (D), Special Engineer, 
Chat- 
a Frenzel Wm ) \ r Foreman, : 
ashing- 
Pr 
resto 
rtford, : 
Phila. 
at Electric Co.; (Res.) 858 N. 32nd St., 
he Camden, N. J. 
“a Frick Standard Steel 
We Kansas City, 
Mo. 
Friebel, Geo. J. (C), Sales Engineer, Har- 
§ 
De- 
eatur, Ga 
Friese, A. H. (C), 
ag Co., 264 E. Ogden Ave., 
(B), Secretary, Washington 
a ron orks, 1500—6th Ave., Seattle, 
Wash 


Gander, Aksel (D), Oxyacetylene and Elec- 
tric Are Welder, Northern Pacific Railroad 
Co.: (Res.) 102—S8th St., Cloquet, Minn. 

Gannett, H. E. (B), Supt. of Welding, C. B. 
& Q. R. R. Co., 547 Jackson Blvd., Chi- 

ago, Ill. 

Gannett, J. K. (B), Vice-President & Man- 
wer, Eastern Dist., The Austin Co., 19 
Rector St., New York, N. Y. 

Gannon, E. L. (D), Welder, American Loco- 
motive Co., Rt. 2, Ballston Lake, N. Y 

Garble, John (D), Welder (Electric & Gas), 
Res.) 162 Jefferson St., Perth Amboy, N. J. 

Garcia, J. F. (D), Box 245, R. D. 2, Balti- 
more, Md. 

Gardner, E. P. S. (B), Chief Constr. Engi- 
neer, The Quasi-Are Co. Ltd.; (Res.) 


Gettig, Robert Dean (B), Welder, Marien- 
ville Glass Co., Marienville, Pa 

Gettinger, Ralph (C), District Service Man- 
ager, Westinghouse Electric & Mfg. Co., 
717 So. 12th St., St. Louis, Mo. 

Getz, Harold (1D), Machinist, Sommer Prod. 
Co., Peoria, Ill. 

Getz, Robert (D), Machinist, Sommer Prod. 
Co.; (Res.) 711 W. Maywood, Peoria, Ill 

Gibbons, R. C. (C), Metallurgist, Inter- 
national Harvester Co.: (Res.) 1308 N. 
46th St., Milwaukee, Wis 

Gibbs, Louis T. (1D), Welding Engineer, 
General Electric Co.; (Res.) 28 Brookline 
St., E. Lynn, Mass. 

Gibson, A. E. (A), President, Wellman En- 
gineering Co., 7000 Central Ave., Cleve- 


Glover, Victor (I>), Welder, Hudson Motor 
Car Co.: (Res.) 2914 Marlborough, De- 
troit, Mich 

Glover, W. B. (1)), Foreman, Wyatt Metal 
& Boiler Works, Box 3052, Houston, Texas 

Gobus, Alexander (B), Metallographer & 
Radiographist, Lucius Pitkin Ine 17 
Fulton St., N 

Godfrey, Vincent H. (BB), Assistant Sales 
Manager, American Chain & Cable Co 
Page Steel & Wire Div., Monessen, Pa 

Goehringer, E. E. (C), Sales Engr., Lincoln 
Electric Co.: Res.) 4045 Cleveland Ave., 
Columbus, Ohio 

Goelitz, Herman (1) Student, National 
Institute: (Res 26 Menzel Ave Maple 
wood, N. J 


g 41 Warrington Crescent, Warwick Ave., land, Ohio. Goeltz, Philip ((), Fabrication Engineer, 
, London W. 9, England. Gibson, C. D. W. (C), Vice-President, Air Gleason Works, 1000 University Ave., 
Gardner, James (F), Student, Ohio State Reduction Sales Co., 60 E. 42nd St., New Rochester, N. ¥ 
“| University; (Res.) 229 W. llth Ave., York, N. Y Goetze, Herman, Jr. ((), Welder & Instrue- 
Columbus, Ohio. Gibson, Glenn J. (C), American Bridge tor, Naylor & Goetze Res.) 1710 Penn 
Gardner, N. B. (C), Supervisor of Welding, Co.; (Res.) 827 Malvern Road, Avalon, St., Harrisburg, Pa 
7 N.Y. N.H. & H. R.R. Co., Room 408, Pa. Goldsby, Fred L. (B Engineer, Chicago 
Providence, R. I. Gibson, W. Herbert (C), Consulting Engi- Bridge & Iron Co Res.) 9640 Cook 
Gardner, T. H. (B), Structural Engineer, neer, 2110 Architects’ Bldg., Philadelphia, Ave., Oaklawn, Ill 
My Florida East Coast Railway, 71 Carrera Pa. Goldsmith, Lester M. (A), Chief Engineer, 
St., St. Augustine, Fla. Giduz, Fred J. (D), Teacher, Rindge Tech The Atlantic Refining Company, 200 5 
Garman, Clarence H. (D), Welder, R. U. School; (Res.) 31 Boylston St., Jamaica Broad St., Philadelphia, Pa 
7 Trimble, 8. Market St., Elizabethtown, Pa. Plain, Mass. Goldstein, Arnold (10), Welder, Delehanty 
Garman, George W. (C), Application Engi- Gieszl, Ray (C), Service Manager, R. G. Le Institute ; Res.) 267 Stanton St., New 
neer, Resistance Welding, also Sales of Tourneau, Inc., Peoria, Ill York, N 
Res. Welding Control, General Electric Gollnick, Albert J. (C), General Delivery 
Co., Industrial Dept., Schenectady, N. Y Gignenz, (B), . Sewickley, Pa 
i M Shell Oil Company, Incorporated, 1008 
;, Garner, F. R. (C), Sales Representative, The West Sixth St., Los Angeles, Calif. Good, W. Phillips (B), Shop Manager, 
Linde Air Prods. Co., 4228 Forest Park ; li .) American Hoist & Derrick Co.; (Res.) 
Blvd., St. Louis, Mo. 4428 Aldrich Ave. 8., Minneapolis, Minn 
g Garrett, Gairald H. (B), General Manager, Hills, Pa. Goodford, Jack A. (1)), Welder, Crucible 
The Thompson Mfg. Co., 3001 Larimer Gilbert, Jesse W. (C), Shop Planning Room, Steel Co., 27 Ralph St., Belleville, N. J 
g St., Denver, Colo. Link-Belt Co.; (Res.) Mt. Carmel Ave., Goodman, Charles H. ((), Pres., Goodweld 
il Garriott, F. E. (C), Res. Engr., A. O. Smith North Hills, Pa. Equipment Co., 639 W. 125th St., New 
Corp.; (Res.) 2702 W. Glendale Ave., Gilbert, John C. (D), Welder, Machinist 
5, Gilbert’s Mach. Shop, Rutland, Vt C. C. (D), Welder, Olson Drilling 
0) arrison, Paul R. (C), Welding Shop Owner ; (CO) ee r Co.; (Res.) 2220 N. W. 30th, Oklahoma 
& Operator, Garrison Welding Service, 211 Ree) City, Okla® 
% arten, m. Kay ( ), Pres., Sutton- tarten Gilbert, Yowland (D). Welder. The Jeffrey merican Bridge Co “rick Bldg., Pitts- 
> 401 W. Vermont St., Indianapolis, Mie. Co.: (Res.) 2422 Indianola Ave.. burgh, Pa. 
nd. Columbus, Ohio. S. (C), Welding Engineer, 
> i Ov re Acety S. Goodspeed & Co 300 yrive 
estorek, John C., Jr. (B). Oxweld \grtylene Gilbride, Thomas J. (B), Supt., Federal Pipe 18300 Oak Drive, 
N & Supply Co., 900 So. Campbell Ave., Goodwi A. (B). Mid 
Chicago, Ill. oodwin, arris A. Midwestern Dist. 
Gasper, Eugene D. (B), Metallurgist, Great : — — Mgr., The Bastian-Blessing Co., 240 E 
Lakes Plant, American Forge Div., 1220 Ontario St., Chicago, Il 
" West 119th St., Chicago, Il. ee Goodwin, J. F. (C), Jr. Structural Designer 
4 i > » Ge Jars ‘ans ) 
Gill, Harry (B Draftsman, Missouri (Re P. O. Box 1121, 
ungrg. U. Box 5, Catons- Boiler & Sheet Iron Works, 908 S. 23rd 
ville, Md. St.. St. Louis, Mo. Goodwin, J. L. (B), President, The Whitlock 
Gaul, Rufus H. (C), Are Welding, Sun Gi . 3 . Coil Pipe Co., P. O. Drawer 390, Hartford 
Co.; (Res.) 1543 Thew Shovel Company, Lorain, Ohio cc Weld 
t Gaylord, T. S. (B), Welding Supervisor, — — W. (C). Bupervisor of Eng. Reed Roller Bit Co.; (Res.) 3402 Wichita 
4 ay Air eduction Sales Co., 730 Grant St., 
g a Kodak Co.; (Res.) 854 Winona Buffalo. N. Y St., Houston, Texas 
er a Gillespie, Ray F. (C), Salesman, R. D. 6, Goppoldt, FP. R. (B), Asst. Civil Engr., 
, — A. E. (B), John A. Roebling Sons Hamilton. Ohio N. Y. 8. Dept. of P. W.; (Res.) 9 Shaw 
[ St., New York, N. Y Av., Babylon, N 
19 Rector St., New York, N.Y. Gillette, R. T. (C), Welding Engineer, Gen- 
Geeting, Clyde E. (D), Welder, Waco Air- eral Electric Company, Works Laboratory, Gorans, Victor D Welder Foreman, 
r, craft Co.; (Res.) 438 Plum S8t., Troy, Bldg. 7, 1 River Road, Schenectady, N. Y Brown Steel rank Co Res.) 1643 Taylor 
. Ohio. Gilpin, William S. (C), District Manager. Ave., St. Paul, Minn 
Gehl, A. M. (D), Electric Are Welder, Hollup Corporation, 1614 Summer S8t., Gordon, John D. (A), General Manager, 
~ T. L. Smith Co.; (Res.) 3205 A North Philadelphia, Pa. The Taylor-Winfield Corporation, 1052 
i, 35th St., Milwaukee, Wis. Gilreath, Rowan (C), Mechanical Engineer, Mahoning Av., Warren, Ohio 
= Geisler, Geo. L. (C), Sales Rep., The Linde Combustion Engineering Co., 1032 W Gordon, Leo ((), District Manager, Hobart 
’ Air Prods. Co.; (Res.) 75 W. Weber Road, Main St., Chattanooga, Tenn. Bros. Co., 49 D St., So. Boston, Mass 
5 Columbus, Ohio. Gilson, Hiram B. (C), Service Department, Gordon, W. R. (B), Research Engineer, J. H 
“4 Gemmell, Robert D (B), Leading Hand The Linde Air Products Company; (Res. Williams and Co., 196 Argonne Drive, 
. Welder, South African Railways Co.; Rt. 5, Box 2, West Allis, Wis. Kenmore N. Y 
7 an ad rensch Road, Observatory, Gilson, Wm. E. (D), Welder & Supervisor, Gore, Burney F. (C), Welding Supervisor, 
ape Rondebosch, South Africa. National, Rubber, Machinery & Co.: Standard Oil Company; (Res.) 1733 
2 Gentzler, Stuart L. (D), Experimental Test Columbian; (Res.) R. D. 5, Salem, Ohio. Northern Blvd., Independence, Mo 
Welder, The McKay Co.; (Res.) 164 E. Glenn, E. M. (D), 2623 Edison Ave., Dayton, Gorman, Wilbur R. (1D), Engineer, Allis 
a Cottage Place, York, Pa. Ohio. Chalmers Mfg. Co Res.) 1527 So. 60th 
al Gerchman, Anthony (I)), Are Welder, Lin- Glenn, Mark Twain ((), Chief Inspector, St., West Allis, Wis 
y, coln Electric c o.; (Res.) 1563 Larche- Hedges-Walsh-Weidner Division of the Gorzelnik, Edward M. (1), 322 Elm St., 
mont Rd., Cleveland, Ohio. Combustion Engineering Co.; (Res.) 2420 Newark, N. J. 
i illi ). Electric Welder. Stee Oak St., Chatts za, Tenn. “s 
William (D), Ele: Welder, Steel Chats Gosney, James (8), Head of Service Dept., 
Ms Chitosan Tn” Corp., 5321 8. Wells St., Glover, Geo. M. (C), Sales Engineer, W. A Industrial Machinery Co., 641 8. W. Bivd., 
ticago, Ill. Ramsey Ltd., Honolulu, T. H Kansas City, Kans 
- Gesner, Hobart E. ((), Farrel-Birmingham Glover, J. B. (B), Sec.-Treas. and Gen. Goth, L. M. (C), Field Foreman, Wyatt 


Co.; (Res.) 55 Chatfield St., Derby, 
Conn. 


1940 


Mgr., Glover Machine Works, P. O. Box 
85, Marietta, Ga. 
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Gould, Leo J. (B), Assist. Chief Engineer of 
Bethlehem Steel Co Res.) 1803 Easton 
Ave., Bethlehem, Pa 

Gour, Philip (ID), Gas & Are Welder, Du- 
fresne Ing. Comp. Ltd.; (Res.) 236—2nd 
Ave., Box 657, Noranda, Que., Canada. 

Gove, Lewis P. (C), Engineer Mutual Boiler 
Ins. Co.; (Res.) Outlook Road, Wakefield, 
Mass. 

Gowdy, V. M. (B), Shop Foreman, Mc- 
Nally Pittsburg Mfg. Co., Pittsburg, 
Kans. 

Gowing, J. C. (C), So. Calif. Distributor, 
Hobart Brothers Co., 1708 So. Soto St., 
Los Angeles, Calif 

Grabe, C. G. (B), Chief Engineer, National 
Valve & Mfg. Co., 3101 Liberty Ave., 
Pittsburgh, Pa. 

Grable, Godfrey (C), Welding Engineer, 
U.S. Navy Dept., Bureau of Ships, Navy 
Dept., Washington, D. C. 

Graf, Otto (C), Professor, Techn. Hochschule 
Spittlerstrasse 30 C, Stuttgart, Germany. 

Grafton, J. A. (C), Welding Supervisor, 
A. J. Bayer & Co.; (Res.) 423 Clifton St., 
Houston, Texas. 

Graham, John (C), Manager, Manufacturers 
Products Sales, American Steel & Wire 
Company, 1205 Rockefeller Building, 
Cleveland, Ohio. 

Graham, Marshall (B), Owner, Lance Ma- 
chine & Welding Co., 208 Mill St., Water- 
town, N. 

Graham, R. R. (C), Engineer, American 
Bridge Co., 71 Broadway, New York, 

Graham, Walter B. (C), Sales Engineer, 
Wilson Welder & Metals Co. Inc.; (Res.) 
909 Hilldale Ave., Berkeley, Calif. 

Grant, C. E., Jr. (C), Supervisor, Applied 
Engrg. Dept., Air Reduction Sales Co., 
Park & Haitleck Sts., Emeryville, Calif. 

Grant, C. O. (D), Welder, Jaeger Machinery 
Co.; (Res.) 823 Gilbert St., Columbus, 
Ohio. 

Grant, Edmund G. (C), Marine Engineer, 
Consolidated Steel Corp., Ltd.; (Res.) 556 
Alta Vista Ave., South Pasadena, Calif. 

Grant, Leland E. (B), Metallurgical & Weld- 
ing. Engineer, C.M. St.P. & P. R. R., 
Milwaukee Shops, Milwaukee, Wis. 

Grant, R. (C), Foreman, Machine Shop, 
B. & L. Opt. Co., 635 St. Paul St., Roches- 
ter, N. Y. 

Graske, Joseph G. (D), Welder, Nordberg 
Mfg. Co.; (Res.) 614 E. Russell Ave., 
Milwaukee, Wis. 

Gratton, Yvon (C), Welding Instructor, 
Ecole Arts & Metiers; (Res.) Labelle, 
Que., Canada. 

Graves, E. R. (A), Welding Engineer, Inter- 
national Harvester Co., 180 N. Michigan 
Ave., Chicago, Il. 

Graves, Roy C. (D), Welder, B’klyn. Navy 
Yard; (Res.) 136 Van Dyke St., Brooklyn, 

Graves, R. L. (C), Supervisor of Welding, 
Union Oil Co. of Calif; (Res.) 1930 W. 
64th Place, Los Angeles, Calif. 

Gray, Harold W. (C), Dist. Sales Mer., 
National Cylinder Gas Co., 3965 Jennings 
Rd., Cleveland, Ohio. 

Gray, Henry (C), Inspector, U. 8. Army 
Ordnance, 92 Packard Ave., West Somer- 
ville, Mass. 

Gray, Luther (1), Welder, Mid-Continent 
Oil Co.; (Res.) 1508 No. Yorktown, Tulsa, 
Okla. 

Gray, Warren (1D), Welder, Cin. Milling 
Mach. Co.; (Res.) 2804 Woodburn Ave., 
Cincinnati, Ohio. 

Graybill, J. S. (C), Welder & Burner, M. H. 
Pagenhart & Co.; (Res.) Leola, Pa. 

Grebe, Karl A. (C), Plant Engineer, Lehigh 
Structural Steel Co., Foot of Allen St., 
Allentown, Pa 

Green, George J. (8), Engineer, Pittsburgh 
Welding Corp.; (Res.) 266 Traymore Ave., 
Pittsburgh, 16, Pa. 

Green, G. W. (B), Northwestern Utilities, 
Edmonton, Alberta, Canada. 

Green, J. A. (B), Supt., Byers Machine Co., 

Box 54, Ravenna, Ohio 
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Green, V. Wayne (C), Direct Sales Rep., 
Taylor-Winfield Corp., 340 Main St. 
Worcester, Mass. 

Greene, P. C. (B), Welding Engineer, Nor- 
folk Navy Yard; (Res.) 203 Maryland 
Ave., Apt. 2, Portsmouth, Va. 

Greene, T. W. (B), Welding Engineer, The 
Linde Air Products Co., 30 E. 42nd St., 
New York, N. Y. 

Greenewald, E. L. (B), Patent Attorney, 
Union Carbide & Carbon Res. Labs. Inc., 
30 East 42nd St., New York, N. Y. 

Greenfield, Clyde (D), Welding Inspector, 
R.G. Le Tourneau; (Res.) 216 Wisconsin, 
Peoria, Ill. 

Greenfield, Frank Lynne (B), Inspector, 
Iron and Steel Construction, Department 
of Housing and Buildings, Room 2034, 
Municipal Building; (Res.) 76 West 85th 
St., New York, N. Y. 

Greenlee, Kenneth A. (C), Boiler Repair- 
man, Cincinnati Gas & Electrie Co.; 
(Res.) 1023 Kingston Place, Cincinnati, 
Ohio. 

Greenwood, Walter F. (C), Salesman, Air 
Reduction Sales Co., 336 Spring St., 
Atlanta, Ga. 

Greer, W. H. (C), Inspector, Southwestern 
Laboratories, Box 175, Houston, Texas. 


Greth, Joseph (CC), Are Welder, Alan Wood 
Steel Co.; (Res.) 207 DeKalb, Bridgeport, 
Pa. 

Grewer, Gurney A. (C), Sales Manager, 
Welding Supply Co.; (Res.) 7202 Lincoln 
Dr., Philadelphia, Pa. 

Greyerbiehl, Harold W. (C), Welder, Con- 
solidated Steel Corp.: (Res.) 5555 Gravois 
Ave., Los Angeles, Calif. 

Griasnoff, Serge G. (D), Welder, Link-Belt 
Co.; (Res.) 530 Lake St., Apt. 3, San 
Francisco, Calif. 

Griesel, George (B), Supervising-Engineer, 
Fidelity & Casualty Co. of N. Y., 550 
Pierce Bldg., 4th & Pine Sts., St. Louis, 
0. 

Griffith, Harry S. (C), Welder, U. S. Engi- 
neers, R. D. 2, Box 678, Kansas City, 
Kans. 

Griffith, Howard A. (D), Welding Super- 
visor, Lenape Hyd. Pressing & Forging 
Co.; (Res.) 112 Sharpless St., West 
Chester, Pa. 

Griffith, J. Earl (D), Owner, Kennett 
Welding Shop; (Res.) Box 282, Kennett 
Square, Pa. 

Griffith, Mansfield (1D), Welder, Olson Rug 
Co.; (Res.) 3237 N. Kostner Ave., Chi- 
cago, Il. 

Griffith, W. G. (C), Branch Manager, Na- 
tional Cylinder Gas Co.; (Res.) 7 Oriental 
Ave., Westmont, N. J. 

Griffith, W. G. (B), Allsteel Prods. Mfg. Co., 
801 S. Wichita St., Wichita, Kans. 

Griffith, Walter M. (D), Welder, Griff’s 
Welding Shop; (Res.) 1219 E. Lincoln 
Hwy., Coatesville, Pa. 

Grimshaw, G. E., Jr. (C), Student Engineer, 
Combustion Engrg. Co., 1032 W. Main 
St., Chattanooga, Tenn. 

Griser, John M. (B), Vice-Pres. & Genl. 
Supt., Alabama Dry Dock & Shipbuilding 
Co., P. O. Box 190, Mobile, Ala. 

Groff, Ernest W. (D), Welder, York Safe & 
Lock Co.; (Res.) 720 E. Edison St., York, 
Pa. 

Grohs, Fred (D), Welder, Hughes Too! Co.; 
(Res.) 2719 Missouri Ave., South Gate, 
Calif. 

Grohs, Wm. H. (B), Distributor, Page 
Steel & Wire Div., Am. Brass Co., 1378 
Blair Ave., St. Paul. Minn. 

Gronquist, Walter (ID), Electric Welder, 
Consolidated Shipbuilding Corp.; (Res.) 
151 East 123rd St., New York, N. Y. 

Grot, Arnold S. (C), Metallurgist, Taylor 
Forge & Pipe Works; (Res.) 3228 Cortez 

Ave., Chicago, Il. 


Grove, Wm. G. (B), Professional Engineer 
tridges, 409 Harrison Ave., Westfield, 
N. d. 
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Grover, LaMotte (C), Structural W;, 
Engineer, Applied Engineering D 
ment, Air Reduction Sales Co., 60 E. 42nd 
St., New York, N. Y. 

Grover, Thompson (DD), Welder, Apex | 
tric: (Res.) 1339 E. 86th St., Cleve j 
Ohio. 

Grow, H. J. (C), 1 Winthrop Terrace, Fast 
Orange, N. J. 

Grubbs, C. B. (C), Welding Engr., Burdet: 
Oxygen Co.; (Res.) 3300 Lakeside Avy; 
Cleveland, Ohio. 

Grubbs, Paul F. (C), Sales, P. R. Mallory 
Co., 3029 E. Washington St., Indianapolis 
Ind. 

Gruber, Alvin V. (C), Supt., Molten Metal] 
Spray Corp.; (Res.) Fort Hill V-Noge, 
Scarsdale, N. Y. 

Gruenberg, J. W. (D), 16 West Second 8&t., 
Dunkirk, New York. 

Grundell, Leonard E. (C), Chief Inspector 
Hartford Steam Boiler Insp. & Ins. Co., 
114 Sansome St., San Francisco, Calif. 

Gruss, Alder R. (F), Box 150, Baker Hall, 
Ohio State University, Columbus, Ohio 

Guell, Dorwin F. (B), Welding Instructor, 
Lawson Y. M. C. A. Trade School: Les, 
54 West Chicago Ave., Chicago, Ill. 

Guild, Jack (DD), Student, National Institute; 
(Res.) 20 Hazlett St., Morristown, N. J. 

Guillot, A. H. (A), Roadway Engineer 
New Orleans Public Service, Inc., New 
Orleans, La. 

Guillot, Edward (B), District Manager, The 
Linde Air Products Co., 282 Spring St., 
N. E., Atlanta, Ga. 

Guirl, H. P. (C), Engineer, The Superheater 
Co., East Chicago, Ind. 

Gunther, J. P. (D), Welder & Burner, Tiet- 
jen & Lang Dry Dock Co.; (Res.) 36 
Park Ave., Cresskill, N. J. 

Gusho, Joseph (D), Foreman, Lakeside 
Bridge & Steel Co.; (Res.) 4673 N. 7th 

. St., Milwaukee, Wis. 

Gust, Louis E. (C), Service Operator, The 
Linde Air Products Co.; (Res.) 5909 
West Enti Blvd., New Orleans, La. 

Gustafson, Arthur R. (B), Proprietor, Moline 
Welding Service; (Res.) 840—3rd Ave., 
Moline, Il. 

Gwynne, G. R. (C), Chile Exploration Co 
Chugicamata, Via Antofagasta, Chile, 
S. A. 


H 


Haag, Joseph, Jr. (C), President, Todd Com- 
bustion Equipment, Inc., 1 Broadway, 
New York, N. Y. 

Haag, Paul R. (C), Chief Mech. Engr., 
Sao Paulo Tramway Light & Power Co. 
New Construction Dept., Caixa Do Car- 
reio a Sao Paulo, Brazil. 

Haas, Robert (B), Sales, The Lincoln Elec- 
tric Co., Box 1350, Warren, Ohio. 

Haase, H. P. (D), Welder, Cincinnati Gas 
& Electric Co.; (Res.) 1671 First Ave., 
Price Hill, Cincinnati, Ohio. 

Habel, B. Ralph (C), District Engineer, 
Ramapo Ajax Division, The American 
Brake Shoe & Foundry Co., 2503 Blue 
Island Ave., Chicago, Ill. 

Habel, Edward G. (C), Assistant Foreman 
Eastman Kodak Co.; (Res.) 2603 Mt 
Reed Blvd., Rochester, N. Y. 

Haertlein, Albert (B). Associate Professor of 
Civil Engineering, Harvard University, 
Pierce Hall, Oxford St., Cambridge, Mass 

Haggard, C. R. (D), Operator, Phelps Dodge 
Corp., Ajo, Ariz. 

Haggard, Henry W. (C), Supv. Engr. Dept 
Air Reduction Sales Co., P. O. Box 763 
Cedar Grove Sta., Shreveport, La. 

Hagglund, Gosta (C), Disponent, A/B Hage 
lund & Soner, Ornskoldsvik, Sweden. 

Haglund, Leonard E. (C), Foreman Welding 
National Tube Company, R. D. 3, Gu 
Rd., Elyria, Ohio. 

Hagstrom, Theorin K. (B), Mech. Engine: 
F. L. Smidth & Co., 60 East 42nd St 
52nd Floor, New York, N. Y. 

Hahn, Fred C. (B), Proprietor, Capitol Tra 


School, 246 Aborn St., Providence, R. I 
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Hahn, Stephen J. , City Line Welding 
( 80 Hathaway St., Providence, R. I. 
Hainer, Linton (F), lowa State College, 
Mechanical Engineering Department, 

Ames, lowa. 

Haines, Mark (B), Box 457, Santa Rosa, 
(aul 

Haislup, Geo. F. (C), Metallurgist, Electric 
steel Castings C o.; (Res.) 5032 E. 10th 
St., Indianapolis, Ind. 

Hale, I. J. (D), Engineer, Boiler Room, Okla. 
Gas & Electric Co., Box 183, Harrah, Okla. 

Hale, Robert S. (C), 734 N. Pine Ave., 
Chicago, Ill. 

—_ Felix S. (C), Bridge Engineer, Nickel 

late R. R., Cleveland, Ohio. 

(D , Are & Acetylene Welder, 
teed il Oil Ltd.; (Res.) 272 Wellington 
St., Sarnia, Ont., Canada. 

Hall, Carl R. (C), Timestudy Engr., Electric 
Machinery Co.; (Res.) 2922 W. 44th St., 
Minneapolis, Minn. 

Hall, Edgar E. (D), Operating Welder, 
Flour City Welding Co., 2937 Third 
Ave. So., Minneapolis, Minn. ‘ 

Hall, J. A. (B), Engineer of Plate Construc- 
tion, Kansas City Structural Steel Co., 
2ist & Metropolitan Ave., Kansas City, 
Kans. 

Hall, Paul B. (B), Pres. & Genl. Megr., Allied 
Weld-Craft, Inc., 401 W. South St., In- 
dianapolis, Ind. 

Hall, Preston (B), Manufacturer, Taylor- 
Hall Welding Corp., Hope Ave., Worces- 
ter, Mass. 

Hall, Richard F. (1D), Electric Welder, York 
Safe & Lock Co.; (Res.) 651 Colonial St., 
York, Pa. 

Hall, R. E. (C), Chief Draftsman, Wyatt 
Metal & Boiler Works, Box 3052, Houston, 
Texas. 

Hall, Thomas C. (C), Welder, Bahrain Pe- 
troleum Co. Ltd., Bahrain Island, Persian 
Gulf, Persia. 

Hallen, Maurice (B), President, Hallen Weld- 
ing Service Inc., 45-24—37th St., Long 
Island City, N. Y. 

Haller, P. Alfred (C), Owner, Haller 7 e Iding 
School, 522 Bergen St., Brooklyn, ‘ 
Hallum, J. D. (B), 
Oxygen Co., 5510 E. Marginal Way, 

Seattle, Wash 

Halsey, Wm. D. (B), Asst. Chief Engineer, 
Boiler Division, Hartford Steam Boiler 
Inspection & Insurance Co.; (Res.) 44 
Westland Ave., W. Hartford, Conn. 

Hamby, Jack N. (D), Welder, Western Pipe 
& Steel, 7508 Outhook Ave., Oakland, Calif. 

Hamill, Thomas E. (C), Metallurgist, Naval 
Gun Factory, Washington, D. C. 

Hamilton, Chester B. (C), President, Hamil- 
ton Gear & Machine Co., 76 Van Horne 
‘t., Toronto 4, Ont., Canada. 

Hamilton, Thomas P. (C), Engineer, Colum- 
bian Steel Tank Co., 1401-1621 West 12th 
St., Kansas City, Mo. 

Hamlet, L. M. (C), Supt. of Shop, St. Joseph 
Structural Steel Co., Sth & Atchison St., 
St. Joseph, Mo. 

Hammett, Fred W. (B), General Sales, 
Frick-Reid Supply Corp., 108 N. Trenton 
Ave., Tulsa, Okla. 

Hammett, H. R. (B), Branch Mer., Western 
Pipe & Steel Co., Box 1706, Bakersfield, 
Calif, 

Hammond, Charles F. (C), Metallurgist, 
Winchester Repeating Arms Co., New 
Haven, Conn. 

Hammond, W. R. (B), Salesman, Williams 
Hardware Co i P. ©. Box 540 Minneapolis, 
Minn. 

Hampton, Howard D. (1)), Welding Instruc- 
tor, Aberdeen Proving Ground, Md 

Hampton, J. H. (1), Relief Operator, Okla. 
Gas & Elec. Co.: tes S17 N. W 
llth, Oklahoma City, Okla 

Hampton, William T. ((), Welder, Rock 
Island Arsenal! Res SOU West Sixth 

t., Davenport, Iowa 

Hand, Everett L. (B), Methods Engineer, 

Gleason Works, 1000 University Ave., 


Rochester N. ¥ 
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Hanes, Walter W. (C Electric Welder, 
Jeffrey Mfg. Co Res.) 1682 W. Mound 
St., Columbus, Ohio. 

Hanley, John L. (B), Shop Foreman, A. 
Lucas & Sons: Res.) 1007 3S. Jefferson 
Ave Peoria, Ill. 

Hannon, C. H. (B), Chief Met., General 
Electric Co.:; tes.) 100 Woodlawn Ave., 
Pittsfield, Mass. 

Hansel, Joe B), Sales, J. J. Stangel Hdwe. 
Co.; (Res.) 1719—Il11th St., Two Rivers, 
Wis 

Hansen, Angus (I)), Welder, Food Machin- 
ery Corp.:; Res.) 402 Raymond Ave 
San Jose, Calif. 

Hansen, Carl (ID), Welding Leader, Electro- 
Motive Corp.; (Res.) 3701 Wesley, Ber- 
wyn, Ill 

Hansen, George (C€), Foreman Welder, 
Honolulo Iron Works; Res 1427 Whit- 
ney St., Honolulu, T. H. 

Hansen, Hans (C), 318 Washington St., 
Toledo, Ohio 

Hansen, K. L. (A), Consulting Electrical 
Engineer, 2916 N. Prospect Ave., Mil- 
waukee, Wis 

Hansen, Ralph E. (1)), Welder, 2916 N 
Prospect Ave., Milwaukee, Wis 

Hanson, Carl R. (D), 11322 Forest Ave 
Chicago, Ill. 

Hanson, Roy E. (C), Owner, Roy E. Hanson, 
1924 Compton Ave., Los Angeles, Calif. 
Hanson, Vernon, Jr. (1D), Operating Welder, 
Keystone 8. & W. Co.; (Res.) 1109 Frye 

Ave., Peoria, Ill. 

Hanson, Vernon E., Sr. (C), Welder, Key- 
stone Steel & Wire Co.: Res.) 318 W. 
Lake, Peoria Hts., Ill. 

Happersett, R. H. (C), Chief Met., Wilson 
Welder & Metals Co.; (Res.) 42 Brook 
St., Bergenfield, N. J. 

Harber, G. P. (B), Proprietor, Harber Weld- 
ing Works, Rt. 1, Albany, Ore. 

Harbin, Lewis N. (C), Proprietor, Harbin 
Welding Co., 6743 Sampson Lane, Silver- 
ton, Cincinnati, Ohio. 

Harbin, Peter L. (D), Welder, Common- 
wealth Edison Co.; (Res.) 5340 W. 24th 
Place, Cicero, Ill. 

Harbold, Floyd A. (D), Electric Welder, 
York reed & Lock Co.; Res Rt. L, 
Spring Grove, Pa. 

Harcourt, Robert H. (D), Instructor, Stan- 
ford Univ.; (Res.) 918 Cowper St., Palo 
Alto, Calif 

Hardbarger, Lyle H. (C), Foreman, R. G 
Le Tourneau; (Res.) 110 Le Tourneau 
Court, Peoria, Ill. 

Harding, Forest (ID), Welder, Harding Metal 
Works; (Res.) 107 Riverside Dr. N. E.., 
St. Cloud, Minn. 

Hare, L. Fletcher (1D), Instructor of Welding, 
Dept. Aeronautics & Related Trades; 
(Res.) 1117 Livingston Ave., Helena, 
Mont. 

Hare, M. P. (C), Dist. Manager, Kane 
Boiler Works, Inc.; (Res.) 401 Atlantic 
st., Corpus Christi, Texas. 

Harkins, Robert (1D), Welder, Mid-Con 
tinent Petroleum Corp.; (Res.) 119 N 
Delaware Ave., Tulsa, Okla 

Harle, Thos. D. (B), Prod. Mgr., Graver 
Tank & Mfg. Co.; (Res.) 221 Warren St., 
Calumet City, Ill. 

Harmon, W. R. (C), Welder, Freeport Sul 
phur Co., Port Sulphur, La. 

Harp, L. M. LD), Boilermaker & Welder, 
Pet. Corp Res.) 1110 


. Detroit, Tulsa, Okla 
M. V. B), Structural Engineer 
S. Engineer Office: Res.) 214 Owen- 


dale Ave Pittsburgh, Pa 

Harris, A. M. B), Supt., Littleford Bros., 
153 E. Pearl St., Cincinnati, Ohio 

Harris, John E. (C), Supt., Electrode Div 
The MeKay Co., Grantley Rd York, Pa 

Harris, Lee W. (BB), General Supt., Link-Belt 
Co 2045 W. Hunting Park Ave Phila- 
a Pa 

Harrison, E. R. (C), Instructor, Welding & 
Heat Treating, Georgia Sch ft Teel 

Atlanta, Ga 


ALPHABETICAL LIST OF MEMBERS 


Harry, James F. (1)), Elect Weld 
Navy Yard; (Res.) 65 Clifford St., Rox 
bury, Mass 

Harshman, Chester E. (1))}, Welder, Parkers- 
burg Rig & Reel C Res 201 So 
Chicago Ave Bellflower, ¢ 

Hart, Clyde (1D), Weld Western Pipe & 
Steel Co les 1363 Aw San 


Francisco, Calif 

Hart, F. H. M. (C), Fred 
Poughkeepsie, N. Y 

Hart, Otto (B). President. Hart Industrial 
Supply Co., 409 W. California, Oklahoma 
City, Okla 

Hart, Wm. H. (C), Secy., Chas. W. Krieg 
Co In Res 214 Glenwood Ave 
i. Orange, N. J 

Hartman, a. I. (B), Des. Engr., 8. Morgan 


Smith Ce Res.) 638 W. King St., York 
Pa. 
Harvey, S. M. (( Owner, Electric Welding 


Machine Co., 1440 E. Larned St., Detroit 
Mich. 

Hasbrouck, Chas. L. (1D)), 34-35 S2nd St 
Jackson Heights, N. ¥ 

Haskel, Ben (C), Welder, Dilts Machine 
Works: Res Care of Lewis Hotel, Ful- 
ton, New Yo | 

Hasler, Thomas B. (13), President, Wilson 
Welder and Metals Co., In 60 KE. 42nd 
t., New York, N. Y 


Hasslinger, William C. ((), Supervisor, Still 
Division, A. O. Smith Res.) 2436 
W. Capital Drive, Milwaukee, Wis 

Hasse, Frank C. (B), General Manager 
The Oxweld Railroad Serv. Co 230 


N. Michigan Ave., Chicago, Il 

Hastings, B. F. (C), District Engineer, Ameri- 
can Institute of Steel Construction, 1737 
Chestnut St., Room 308, Philadelphia 
Pa. 

Hatke, H. (1), 15203 Wood St., Harvey 
Ill. 

Haugh, Thomas M. (1D), Electric Welder, 
York Safe § Lock Co.; (Res.) 703 Hallam 
t., Wrightsville, Pa 

Hauntz, Leo (1D), Welder, International 
Harvester Co Res.) 829 North Lin- 
wood Ave., In lianapo! is, Ind 

Havens, erry L. (C), President, Havens 
Structural Steel Co.. 1713 Crystal Ave. 
Kansas City, Mo 

Havens, Wm. W. ((), Box No. 5, Tremont 
Sta., New York, N. ¥ 

Haviland, Wayne F. (©), Junior Engr., 
Bethlehem Steel Co Res.) 704 Locust 
Pla e, Sewickley Pa 

Hawkins, S. R., Jr. (C), Dist. Sales Mgr 
Page Steel & Wire Div. of American Chain 
& Cable Co., 1011 Healy Bldg., Atlanta 
Ga. 

Hawley, A. L., Jr. (C), Sales, Columbia Steel 
Co., Russ Bi: ig., San Francisco, Calif 
Hayes, Anson (B), Director Research Labo- 
ratories, The American Rolling Mill Co., 

Middletown, Ohio 

Hayes, Luther (1)), Operating Welder, Key 
stone Steel & Wire Co Res 105 —tith 
St., Peoria, Ill 

Haygood, Jas. W. (B Supervisor, The 
Linde Air Products C« s11 toss St 
Pittsburgh, Pa 

Haynes, A. R. (C), Inspector, General Pets 
Corp. of Cal., 2525 E. 37th St., Vernon 
Calif 

Haynes, Hanford (B), Pre it 

il Boiler Works. 5 West Lander St 

~eattie, ist 


Hays, Athel V. Welding mar 
Sinclair Refining ¢ Res Delaware 
Ave. & Maple St Holly Ona ) 

Hayward, C. L. (BB), Salesman, W ims «& 
Co., P. O. Box 540, M M 

Headrick, B. C. (B M M 
sas Gas & | t 

Hearn, W. W. [rag 
Petr im P 

Heaton, Paul », O \\ I 
at Steel & \W { it 

E. P 
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Hecker, Carl L. (C), Supt. Sheet Metal Div., 
Yellow Truck & Coach Mfg. Co.; (Res.) 
678 Henley Drive, Birmingham, Mich 

Heckmann, Albert A. (F), Student Super- 
visor, Cincinnati Milling Machine Co.; 
(Res.) 6511 Tyne Ave., Cincinnati, Ohio. 

Heckman, Homer H. (C), 14048 Welland 
Ave., Detroit, Mich. 

Hecox, Emory (F), 420 W. 8th Ave., Colum- 
bus, Ohio. 

Heddell, Douglas ((), Asst. Marine Engr., 
S.S. Peter Helms, MeCormick 8. 8S. Co., 
(Res.) 4001 Division St., Los Angeles, Calif. 

Hedrick, Leslie C. (D), Operator, Michigan 
State College; (Res.) 821 Wisconsin St., 
Lansing, Mich. 

Heffner, Edwin J. (C), District Manager, 
Scully Steel Products Co., 1394 E. 39th 
sSt., Cleveland, Ohio. 

Heilman, Alexander ((), Foreman, Read 
Mach. Co., Inc., 189 8. Highland Ave., 
York, Pa. 

Heimback, Harold (ID), Welder, Link-Belt 
Co.; (Res.) 7200 8. Wood St., Chicago, 
Ill. 

Heinle, W. C. (B), Chief Engineer, The 
Cleveland Crane & Eng. Co., Wickliffe, 
Ohio. 

Heinmiller, P. M. (C), Supt., Utility Trailer 
Mig. Co., Box 3608, Terminal Annex, 
Los Angeles, Calif. 

Heinz, Edward F. (B), Draftsman, Buffalo 
Fdy. & Mach. Co., 1543 Fillnore Ave., 
Buffalo, N. Y. 

Heitman, Charles E. (B), Welding Engineer, 
A. O. Smith Corp.; (Res.) 10237 West 
Vienna Ave., R. D. 7, Milwaukee, Wis. 

Heldermon, J. E. (D), Inspector, Black, 
Sivalls & Bryson, Inc., 1237 So. West 26th 
St., Oklahoma City, Okla. 

Heller, James (C), Supervisor Applied Eng. 
Dept., Air Reduction Sales Co.; (Res.) 603 
Columbia Ave., North Bergen, N. J. 

Heller, Robert W. (B), Director of Power and 
Steam Sales, Duquesne Light Co., 435 
Sixth Ave., Pittsburgh, Pa. 

Helm, David F. (C), Research Fellow, Mellon 
Institute of Industrial Research, The Mc- 
Kay Company, York, Pa. 

Helm, John E. (ID), Welder, Rheem Mfg. Co.; 
(Res.) 117 Isabella Ave., Newark, N. J. 
Helmick, Robert J. (C), Supt., Helmick 
Foundry-Machine Co., Box 1159, Fair- 

mont, W. Va. 

Helmkamp, R. F. (C), Engineer, Air Reduc- 

tion Sales Co., 60 East 42nd St., New York, 


Helper, H. H. (B), Dist. Mgr., The Linde Air 
Products Co., 828-32 Howard Ave., New 
Orleans, La. 

Helsel, Wm. G. (B), Manager, Pullman- 
Standard Car Manufacturing Company, 
P. O. Box 71, Butler, Pa. 

Heltzel, Carl J. (B), Engineer, Heltzel Steel 
Form & Iron Co., Warren, Ohio. 

Heltzel, J. N. (B), Pres., Heltzel Steel Form 
& Iron Co., Warren, Ohio. 

Helvey, Oren C. (C), Serviceman, Air Re- 
duction Sales Co.; (Res.) 1528 N. Topeka, 
Wichita, Kans. 

Henderson, F. E. (A), Electrical Engineer, 
Western Electric Co., Hawthorne Station, 
Chicago, Ill. 

Henderson, H. F. (C), Boiler Shop Foreman, 
The Portland Co., 58 Fore St., Portland, 
Maine. 

Henderson, L. P. (C), Salesman, Lincoln 
Electric Co., 866 Folsom St., San Fran- 
cisco, Calif. 

Henderson, Robert (C), 9902 Heath Ave., 
Cleveland, Ohio. 

Hendren, Robert F. (B), Asst. Mgr. of Opera- 
tions, Chicago Bridge & Iron Co.; (Res.) 
975 Longwood Dr., Chicago, Ill. 

Hendricks, M. S. (C), Promotion Megr., 
The Welding Engineer, 506 So. Wabash 
Ave., Chicago, Il. 

Henegar, Herbert B. (C), Chief Engineer, 
Tennessee Copper Co., Copperhill, Tenn. 
Henke, E. J. (B), President, American 
Electric Fusion Corp., 2610 Diversey 

Ave., Chicago, Ill. 
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Hennessey, John W. (A), Supt., York Safe 
& Lock Co., York, Pa. 

Henricks, Harold H. (B), Vice-President, 
Charge of Manufacture, Youngstown Steel 
Door Co., Youngstown, Ohio. 

Henriques, H. F. (C), Sales Manager, Air 
Reduction Sales Co., 60 E. 42nd St., 
New York, N. Y. 

Henry, A. Tom (D), Chillicothe, Mo. 

Henry, Geo. W. (D), Welding Operator, 
York Ice Mach. Corp.; (Res.) 433 N. 
George St., York, Pa. 

Henry, J. Robert (B), Welding Process 
Engineer, Clearing Machine Corp.; (Res.) 
27 No. Ashland, La Grange, III. 

Henry, Lester H. (C), Process Engineer, 
Frigidaire Div., General Motors Corp., 
440 Wiltshire Blvd., Dayton, Ohio. 

Henry, Michael O. (D), Electric Welder, 
York Safe & Lock Co.; (Res.) 747 Fre- 
mont St., Lancaster, Pa. 

Hensley, Maurice N. (F), 413 E. State St., 
Apt. 24, Milwaukee, Wis. 

Henson, Vergil A. (ID), Welder, U. S. Engi- 
neers; (Res.) 1630 So. Wellington St., 
Memphis, Tenn. 

Heppel, Fred C. (C), Vice-President, Na- 
tional Cylinder Gas Co., McCall! Bldg., 
Memphis, Tenn. 

Herb, Wayne (F), Student, Penna. Welding 
Inst.; (Res.) 2759 N. Croskey St., Phila., 
Pa. 

Herbert, Roy F. (D), Electric Welder, T. & 
N. O. Ry. Co., 324 S. P. Bldg., Houston, 
Texas 

Herbst, Fred, Jr. (B), Engr.. McMullen & 
Pitz Const. Co.; (Res.) 923 Commercial 
St., Manitowoc, Wis. 

Herman, Harry S. (D), Arc Welder, York Ice 
Machinery Co.;: (Res.) 13 E. High St., 
Windsor, Pa. 

Herman, Wm. F. (1D), Welder, York Safe & 
Lock Co.; (Res.) 615 E. Boundary Ave., 
York, Pa. 

Heron, S. D. (B), Research Engineer, Ethyl 
Gasolene Corp., 723 E. Milwaukee, Ave., 
Detroit, Mich. 

Herren, George S. (B), Welding Super- 


visor, The Seagrave Corp., Columbus, 
Ohio. 


Herrick, B. Clayton (C), Sales Representative, 
Lincoln Electric Co.; (Res.) 628 So. 
Pershing Ave., York, Pa. 

Heseltine, A. (B), Chief Inspector, Electro- 
Motive Corporation; (Res.) 345 So. Kens- 
ington Ave., La Grange, IIl. 


Hess, George A. (C), Associate Engr., 
Panama Canal; (Res.) Box 1193, Ancon, 
C. Z. 


Hess, Wendell F. (B), Associate Professor in 
Metallurgical Engineering, Head of Weld- 
ing Laboratory, Rensselaer Polytechnic 
Institute, Troy, N. Y. 

Hessdoerfer, Geo. M. (C), Sales Engineer, 
American Electric Fusion Corp., 117 N. 
3rd St., Phila., Pa. 

Hester, H. WN. (C), District Manager, 
Hollup Corp., 80—26th St., Pittsburgh, Pa. 

Hettler, Wm. M. (C), Union Carbide Co., 
Niagara Falls, N. Y. 

Hexter, Irving B. (B), President, Industrial 
Publishing Co., 812 Huron Road, Cleve- 
land, Ohio. 

Hibbard, F. Gardiner (C), Asst. Engineer of 
Way & Structures, The Milwaukee Elec- 
tric Railway & Transport Co., Transport 
Bidg., 940 W. St. Paul Ave., Milwaukee, 
Wis 

Hickey, D. W. (C), Pres., D. W. Hickey & 
Co.; 1841 University Ave., St. Paul, Minn. 

Hicks, Gus H. (D), R. D. 5, Box 555, Louis- 
ville, Ky. 

Hicks, Jesse F. (D), Wage Rate & Planning, 
General Electric Co.; (Res.) 2101 Colgate 
Pl., Schenectady, N. Y. 

Hiecke, W. K. (C), Raritan Arsenal, Me- 
tuchen, N. J. 

Hiemke, Hugo W. (B), Welding Engineer. 


Bureau of Ships, Navy Dept., Washington, 
©. 
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Higbee, C. W. (A), Manager, Wire Sales. 
United States Rubber Company, Rocke. 
feller Center, 1230 Sixth Ave., New York 

Higgins, Nathan B. (B), Chief Engine 
Pennsylvania Water & Power Co., 161] 
Lexington Bldg., Baltimore, Md. 

Higgins, Theodore R. (C), District Engineer. 
American Institute Steel Constr., 101 Park 
Ave., New York, N. Y. 

High, Sanford (C), Prop. & Mer., High Weld- 
ing Co., 27 W. Lemon St., Lancaster, Pag 
Higman, Jack (C), Office Mer., Lincoln 
Elect. Co.; (Res.) 4409 Madison st 

Kansas City, Mo. 

Hilbinger, C. N. (C), Sales Engineer, T. 4 
Canty, Inc., 1023 Cathedral St., Baltimore 
Md. 

Hila, John (D), Layout Man, Foster Wheele; 
Corp.; (Res.) 160 Emerson St., Carteret 
N.. 


Hile, Leo (DD), Welder, Phillips Petroleum 
Co.; (Res.) General Delivery, Borge, 
Texas. 

Hiles, R. E. (C), Asst. Structural Engineer 
U. 8. Bureau of Yards & Docks, Navy 
Dept.; (Res.) 2118 Key Blvd., Apt. 930 
Arlington, Va. 


Hill, Gale E. (D), 35 Railroad St., Keen: 
N. H. 


Hill, Gladstone C. (B), Asst. Mer., Sales 
Personnel & Training Div., Carnegie 
Illinois Steel Corp., Room 603, Carnegie 
Bldg., Pittsburgh, Pa. 

Hill, Harold O. (B), Asst. Chief Enugr., 
Bethlehem Steel Co.; (Res.) 201 E. Goepp 
St., Bethlehem, Pa. 

Hill, Joe H. (C), Engineer, Truscon Stee! Co 
700 Investment Bldg., Washington, D. C 

Hill, Lockwood (B), Owner, Hill Equipment 
Engr. Co., 4135 Gratiot St., St. Louis 
Mo. 

Hill, W. V. (C), Resident Const. & Des 
Engr., The Ohio Power Co., Philo, Ohio 
Hiller, Russel D., Jr. (C), Salesman, Air 
Reduction Sales Co.; (Res.) 1244 8. Nor- 

folk St., Tulsa, Okla. 

Hilpert, M. 6. (C), Asst. Engineer, Bethle- 
hem Steel Co.; (Res.) 33 West Church 
St., Bethlehem, Pa. 

Hinchman, Lew (B), Sales Engineer, The 
Lincoln Electric Company, 10228 Wood 
ward Ave., Detroit, Mich. 

Hindman, W. P. (B), American Car & Fdy 
Co., Milton, Pa. 

Hinger, Roy E. (C), Service Engr., Nat! 
Cylinder Gas Co.; (Res.) 8995 Ann Court, 
Cleveland, Ohio. 

Hinkefent, Emil C. (B), President, Allied 
Steel Prod. Corp., Box 1020, Tulsa, Okla 

Hinkle, W. R., Jr. (B), Dist. Sales Mer: 
National Cylinder Gas Co., 2615 Graves 
St., Milwaukee, Wisc. 

Hirner, F. J. (C), Asst. Sales Manager 
Welder Div., Harnischfeger Corp., 20 W. 
Wacker Drive, Chicago, Ill. 

Hjulin, Paul (D), Welder, Crane Co., 10318 
Indiana Ave., Chicago, Ill. 

Hoag, L. Frank (B), Foreman, Link Belt 
Co.; (Res.) 114 Irvington St., San Fran 
cisco, Calif. 

Hoar, William S. (C), In Charge of Welding 
McChntic-Marshall Co., Pottstown, Pa. 
Hobart, H. M. (B), Consulting Engineer, 
General Electric Co., Schenectady, N. Y 
Hobart, W. H. (B), President, Hobart Bros 

Co., Hobart Square, Troy, Ohio. 

Hodell, Louis R. (B), Research Engineer, 
Carter Oil Co., National Bank of Tulsa 
Bidg., Tulsa, Okla. 

Hodge, J. C. (B), Vice-Pres., Wellman 
Engrg. Co., 7000 Central Ave., Cleveland, 
Ohio. 

Hodge, Thomas (D), Pipe Welder, Heyden 
Chemical Corp.; (Res.) 70 Kip Avenue 
Rutherford, N. J. 

Hodges, Charles (C), Welding Supt., Stand- 
ard Oil Co. of N. J., Bayway Refinery 
P. O. Box 16, Elizabeth, N. J. 

Hodges, Earle (B), Branch Mgr., Detroit 


Steel Products Co., Room 421, Tower 
Bidg., Washington, D. C. 
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Hodges; Hubert E. (D), Are Welder, Elec- 
o-Motive Corp.; (Res.) 216 Hickory 
Rd., Lombard, Ill. 

Hoenighausen, John (C), Master Mechanic, 
Socony Vacuum Oil Co.; (Res.) 400 
Kingsland Ave., Brooklyn, N. Y. 

Hoern, J. H. (B), Gen. Master Mech., 
Wilcox-Rich, Div. of Eaton Mfg. Co., 
9771 French Road, Detroit, Mich. 

Hoffberg, William A. (B), eg Engi- 
neer, 67 West 44 St., New York, N. Y. 

Hoffman, C. H. (B), Manager, Seattle Boiler 
Works, 5237 East Marginal Way, Seattle, 
Wash. 

Hoffman, C. Raymond (C), Welding Super- 
visor, Standard Oil of Venezuela, Caripito, 
Venesuela, S. A. 

Hoffman, Edward H. (C), Sales Engineer, 
Foster Wheeler Corp.; (Res.) 417 Tremont 
Ave., Orange, N. J. 

Hoffman, Ray (DD), Welder, General Ma- 
chinery Corp., R. R. 1, Hamilton, Ohio. 
Hoffmeister, John F. (C), Supt., Machine 
Shop, Dravo Corp., Neville Island Branch, 

Pittsburgh, Pa. 

Hogaboom, Allen G. (D), Welder, Bethle- 
hem Steel Co. (Shipbuilding Div.); (Res.) 
6 Miller Stile Rd., Quincy, Mass. 

Hogan, Howard K. (B), Special Representa- 
tive for Vocational Training of Defense 
Workers, U. S. Office of Education, Room 
2317, Interior Bldg., Washington, D. C. 

Hoglund, Clarence E. (D), Welder, C. W. 
a Mfg. Co.; (Res.) 1300 Quincy St., 
N Minneapolis, Minn. 

Brae} Gustav O. (B), Welding Engineer, 
Aluminum Company of America, New 
Kensington, Pa. 

Hohenschild, F. X. (C), Partner, Welders 
Supply & Repair Co., 510 E. 18th St., 
Kansas City, Mo. 

Hohmann, George M. (C), Superintendent, 
Alloy Rods Corporation, 501 E. Prospect 
t.. York, Pa. 

Hohmann, Joseph P. (D), Welder, Alloy 
Rods Corp., 501 Prospect, York, Pa. 

Hoier, Wm. V. (B), President, Robert Gor- 
don, Inc., 19 W. Jefferson St., Chicago, II. 

Holder, G. C. (C), Metallurgist, Foster 
Wheeler Co.; (Res.) 210 Elm Court, 
Elizabeth, N. J. 

Holderby, E. O. (D), Welder, Jaeger Ma- 
chine Co.; (Res.) 867 “Gite rt St. Colum- 
bus, Ohio. 

Holland, S. Emil (C), General Manager, 
Simon Holland & Son Inc., 825 Stone 
Ave., Brooklyn, N. Y. 

Holley, E. C. (B), Production Supt., St. 
Joseph Ry. Light, Heat & Power Co., 
520 Francis St., St. Joseph, Mo. 

Hollick, Robt. E. (C), Asst. Struct. Engr., 
; Canal; (Res.) Box 1146, Ancon, 
C. Z. 

Hollingshead, W.E. (A), Designing Engineer, 
S. Morgan Smith Company, York, Pa. 
Hollister, Sydney E. (C), R 42'/: So. 2nd 

Newark, Ohio. 

Hollister, Prof. S. C. (B), Cornell Univer- 
sity, Ithac ca, N. Y. 

Holman, Arnold C. (D), Welder & Flame 
Hs ardne sr, Wesley Steel Treating Co., 1333 
West Pierce St., Milwaukee, Wis. 

Holmes, D. O. (D), Welder Foreman, 
\merican Cast Iron Pipe Co., Birming- 
ham, Ala. 

Holmes, Clarence E. (C), Draftsman, Chi- 
cago Bridge & Iron Co., Greenville, Pa 

Holslag, Claude (B), Engineer, Electrie Arc 
Cutting & Welding Co. Inc., 152 Jelliff 
Ave., Newark, N. J. 

Holt, Donald C. (D), Welding er ator, 
Florid ja Power & Light Constr. Co.; (Res.) 
153 N. W. 56th St., Miami, Fla. 

Holt, Joseph (B), Welder & Publisher, 
State of Wash. Dept. of Highways; 

Res.) 1917 Ferry Ave., 8S. W., Seattle, 
Wash. 

Holt, L. T. (B), Physical Metallurgist, The 
Holt Co., 1016 First Ave., So., Seattle, 
Wash. 

Holt, M. L. (C), Sales Engineer, Chatta- 
nooga Welding & Machine Co Chatta- 
nooga, Tenn. 
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Holt, R. W. (B), Research Work, Chicago 
Steel & Wire Co.; (Res.), 10257 Torrence 
Ave., Chicago, 

Holwill, Claude N. (D), Specialist, Applied 
Engrg. Dept., Air Reduce 7 Sales Co., 
60 E. 42nd St., New York, N. Y 

Holzbaur, Arthur A. (C oh Sun 
Shipbldg. & Dry Dock Co.; (Res.) 25 W. 
Parkway Ave., Chester, Pa. 

Holtzhouse, Guy A. (C), Partner Sales 
Manager, Superior Welding & Brazing 
Co., 6538 Russell St., Detroit, Mich. 

Homann, F. C. (C), Assoc. Prof. Mech. Eng.., 
Mont. State College, Bozeman, Mont 

Homrighaus, A. Holle (B), Sales Engineer & 
Mgr., The Welder Service Co., 2058 Can- 
ton St., Toledo, Ohio. 

Honey, Edward M. (CC), Structural De- 
signer, Detroit Edison Co.: (Res.) 5379 
Seneca Ave., Detroit, Mich. 

Honhart, Jack C. (C), Welding Engineer, 
Metal & Thermit Corp., 5721 Lincoln 
Ave., Detroit, Mich. 

Hoobler, P. R. (D), Welder, Mid-Continent 
Petroleum Co.; (Res.) 1634 E. Admiral 
Place, Tulsa, Okla. 

Hood, Jas. G. (1D), Foreman, Welding Dept., 
Bethlehem Steel Corp.; (Res.) 75 Broad 
St., Leetsdale, Pa. 

Hook, Ira T. (B), Research Engr., The 
Americ: an Brass Co., 494 Norton Parkway, 
New Haven, Conn. 

Hooper, Wyllys G. (B), Vice-President, Mid- 
west Piping & Supply Co., Ine., 1450 
South Second St., St. Louis, Mo. 

Hoover, J. C. (C), Electric Welder Repair, 
4. A. Young Spring & Wire Corp.: (Res 
353 E. Atwater St., Detroit, Mich 

Hopkins, H. E. (C), Arcos Corp., 401 N. 
Broad St., Phila., Pa. 

Hopkins, R. K. (B), Director Metallurgical 
Research and Development, M. W. Kel- 
logg Co., Foot of Danforth Ave., Jersey 
City, N. J. 

Hopley, David (D), Foreman, General Elec- 
tric Company; (Res.) 951 Dalton Ave 
Pittsfield, Mass. 

Hopwood, N. P. (PD), Are Welding, A. B. 
Farquhar Co., Ltd.; (Res.) 326 E. Poplar 
st., York, Pa. 

Horan, Thomas F., Jr. (D), Are Welder, 
Electric Boat Co., Groton, Conn.; (Res.) 
Niantic River Road, Waterford, Conn. 

Horelick Michael (D), Mech. Engineer, 
The Dorr Co., Ine., Westport, Conn. 

Horgan, P. J. (C), Engineer, General Elec- 
tric Co., 920 Western Ave., Lynn, Mass. 

Horgrave, Fred M., Sr. (C), Electrical Fore- 
man, Chile Exploration Co., Chuguiea- 
mato, Chile, 8S. A. 

Horlock, Jack (C), President, Searles Elec- 
tric Welding Works, 1310 So. 47th Ave., 
Cicero, Ill. 

Horn, N. B. (D), Certified Welder, Western 
Pipe & Steel Co.; (Res.) 380 Elm Ave., 
San Bruno, Calif. 

Horn, Tom L. (C), President, Kanawha 
Welding Rod Co., 1302 Kanawha Valley 
Bldg., Charleston, W. Va. 

Horne, L. V. (C), Mech. Engineer, Union Oil 
Co.; (Res.) 617 W. 17th St., Los Angeles, 
Calif. 

Horne, Marvin (C), Sales Engineer, George 
R. Horne & Co., 22187 W. Michigan Ave., 
Dearborn, Mich. 

Horrigan, J. R. (B), Vice-President, Williams 
Bros. Corp. & Apex Const. Co., 2115 
Second Nat] Bank Bldg., Houston, Texas 

Horton, George T. (A), President, Chicago 
Bridge & Iron Company, 1305 West 105th 
St., Chicago, IIL. 

Hoskins, G. W., Jr. (B), Sales, A O. Smith 
Corp., Box 6805, N. Phila. Station, Phila- 
delphia, Pa. 

Hosted, E. G. (C), Instructor, Drexel Inst.; 
(Res.) 603 Country Club Lane ,. Manoa, 
Upper Darby, Pa. 

Hough, C. T., Jr. (C), District Sales Rep., 
Walworth Co., 810—18th St., Washington, 
D. C. 

Hough, Fred (C), Distribution Engineer 
Southern Counties Gas Co., 810 So. Flower 

t., Los Angeles, Calif. 


ALPHABETICAL LIST OF MEMBERS 


House, Alan (B Welding Engineer, RCA 
Mfg. Co.:; Res 111 K. Cedar Ave 
Oaklyn, N. J. 

House, Chas. W. (1)), Welder, General Petro 
leum Corp.; Res 1450 W. 70th st 
Los Angeles, Calif. 

Houser, K. O. (B), Industrial Sales Engi 
neer, Kansas Gas & Electric Co., Sedg 
wick Bldg., Wichita, Kansas 

Houston, R. M. (C), St. Louis Representative 
La Salle Steel Co.: (Res 911 Goodfellow 
Bivd., St. Louis, Mo 

Hovey, O. E. (B), Director, The Engineering 
Foundation. ( Engineer, 11 W 
42nd St., New Y« 

Hovey, Walter F. (1), Sanderson 
& Porter, 52 Willies St., New York, N. ¥ 
Howard, Frank (1), Electric Welder Fore- 
man, T. & N.O. R.R.; (Res.) 4516 Fulton 

Houston, Texas 

Howard, F. O. (B), Mer. of Sales, American 
Steel & Wire Co., 71 Broadway, New York 
N. ¥ 


Howard, Wayne A. (€), Asst. Engineering 
Supervisor, Technical Service Division 
Socony Vacuum Oil Co. Inc., 412 Green 
point Ave., Brooklyn, N. ¥ 

Howard, W. F. (C), Tool Division, Jones 
& Lamson Mach. Co., Springfield, Vt 

Howell, A. J. (D), Are Welder, American 
Seating Co.; (Res 844 Franklin St 
S. E., Grand Rapids Mich 

Howell, W. Hz. Cc Union Carbide Co 
Niagara Falls, N. Y 

Howery, Theodore E. (1), Combination 
Welder, Monsanto Chemical Co Res 
3763 Potomac. St. Louis. Mo 

Howes, Allen J. (C), Tracer, Panama Canal 
Dept., U. 8S. Gov 107 West South St 
Angola, Ind 

Howland, Owen Lioyd (Bb), Sales Mear., 
Hollup Corp 3357 W. 47th Place Chicago, 
Il 

Hoyt, Samuel L. (B Technical Adviser, 
Battelle Memorial Institute, Columbus, 
Ohio 

Hruska, John H. (B), Metallurgical Engineer, 
Electro-Motive Corp., 55th & Joliet Rd 
La Grange, Ill 

Hubach, Kenneth (B), Salesman, Page Steel 
& Wire Div. of American Chain & Cable 
Co., 2101 N. 2nd St., Philadelphia, Pa 

Hubbard, Ronald P. (CC), Welding Supervisor, 
Ingalls Shipbuilding Corp Res 917 
Washington Ave., Pascagoula, Miss 

Huber, George L. (B), Vice-Pres. & Chief 
Engineer, W. K. Mitchell & Co. Inc., 2940 
Elisworth St., Phila., Pa 

Huchthausen, Walter C. (B President, 
The Huchthausen Company, Sth & Wash 
ington St., Manitowoc, Wis 

Hudack, Michael (1D), Welder, The Northern 
Blower Co.: Res 3365 W 59th St.. 
Cleveland, Ohio 

Hudnall, John W., Jr. (D), Inspector, Con- 
solidated Gas «& Electric Co Baltimore, 
Md.; (Res.) Ferndale, Md 

Hudoba, Louis (Bb Foreman, Welding 
Dept., The Waterman-Waterbury Co., 
1121 Jackson St N. E., Minneapolis, 
Minn 

Hudson, James A. (CC), Supervisor, Process 
Service, The Linde Air Products Co., 230 
N. Michigan Ave., Chicago, Ill 

Hudson, Wm. T. (B Asst. Manager of 
Operations for Ere« tion Chi Ago Bridge 
& Iron Co., Box 2151, Houston, Texas 

Huester, Harry J. (C), Materials Engineer 
Metals, Bureau of Aeronautics Navy 
Dept , Washington, D. C 

Huet, G. O. (B), Naval Architect & Marine 
Engineer, Higgins Industries, Inc., 1755 
St. Charles Ave., New Orleans, La 

Huff, B. W. (D 1214 Roosevelt 
Ave Richmond, 

Huffman, Shelton 3. D) , 202 E. Cedar Ave., 
Bellflower, Calif 

Hughen, J. M. (B), President, The Petroleum 
Iron Works Co. of Texas, P. O. Box 3031 
Beaumont, Texas 

Hughes, Paul B. (DD), Welder, Soto Welding 
Works; (Res.) 1708 So “ote St Los 
Angeles, Calif 
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Hughes, Thomas P. (C), Asst. Prof. Mech. 
Engineering, University of Minn., Mech. 
Engineering Bldg., Minneapolis, Minn. 

Huhn, James M. (D), Automatic Welder, 
Western Pipe & Steel Co.; (Res.) 819 
Mission St., San Francisco, Calif. 

Humberstone, J. H. (B), 2900 Dunran Road, 
Apt. A 2, Dundalk, Md. 

Humble, C. E. (C), Vice-President, Burke 
Electric Co., Erie, Pa. 

Humble, John S. (B), Welding Inspector, 
American Bureau of Shipping, Grant Bldg., 
Pittsburgh, Pa. 

Hume, K. B. (C), Foreman, Steel Pipe Works, 
~% Hume Steel Co., P. O. Box 4534, Mel- 
bourne, C, 1, Australia. 

Human, E. F. (C), Erection Manager Eastern 
Division, Chicago Bridge & Iron Company, 
119 Long Ave., Hillside, N. J 

Humphrey, Stanley M. (B), Electric Engi- 
neer, Taylor-Winfield Corp., Warren, 
Ohio. 

Huna, F. Albert (C), Applied Engr. Welding 
Supervisor, Air "Reduction Sales Co. 
B. M. A. Bldg., Kansas City, Mo. 

Hunt, Duard, B. (B), Welding Engineer, 
Southern Railway System; (Res.) 484 
Brentwood Drive, N. E., Atlanta, Ga. 

Hunt, G. C. (C), Welding Engineer, G. C. 
Hunt Co., Room 15, Atlanta Terminal 
Station, Atlanta, Ga. 

Hunt, Harry B. (B), Foreman of the Welding 
Dept., General American Transportation 
Corp., Box 532, Sharon, Pa. 

Hunt, Lendon (D), Master Mechanic, Uni- 
versity of Okla., Utilities Dept., Norman, 
Okla. 

Hunt, Leon (C), Secretary & Treasurer, 
G. C. Hunt & Co., Room 15, Atlanta 
Terminal Station, Atlanta, Ga. 

Hunt, S. D. (B), Vice-Pres., Moorlane Com- 
pany, Box 1679, Tulsa, Okla. 

Hunter, J. R. (B), Vice-Pres., Revere Copper 
& Brass Co., Rome, N. Y. 

Huntley, W. B. (C), Vice-Pres., Brace Muel- 
ler Huntley, Inc., 963 Lyell Ave., Roch- 
ester, N. Y. 

Hurcomb, F. A. (B), Asst. General Manager, 
Federal Mach. & Welding Co.; (Res.) 
148 Kenmore, 8. E., Warren, Ohio. 

Hurd, James L. (D), Welder, Guaranteed 
Welding & Boiler Repair, Mahoning Ave. 
Ext., Warren, Ohio. 

Hurley, Jack (D), Welding Operator, N.Y. 
C. R.R.; (Res.) 12917 St. Clair Ave., 
Cleveland, Ohio. 

Hurley, Wm. (D), Welder, Sound wate, 
Inc., 905 East 134th St., Bronx, N 

Hurst, William I. (C), Supervisor, italia 
Thermometer Co., 2917 Clark Ave., St 
Louis, Mo. 

Hurt, R. J. (C), District Sales Manager, 
National Cylinder Gas Co., 205 W. 
Wacker Dr., Chicago, Ill. 

Hus, S. F. (D), Stockton, Kansas. 

Husaczka, Stephen (C), Welder and Burner, 
Anaconda Wire-C able Company; (Res.) 
335 Warburton Ave., Yonkers, N. Y. 

Huse, Harold M. (C), Engineer, Union Car- 
bide Co., Niagara Falls, IN. 

Hussion, Wm. T. (D), 2225 Gaylord St., Den- 
ver, Colo. 

Hutchins, Warren C. (C), Industrial Sales, 
General Electric Co., Schenectady, N. Y. 
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Idell, Percy C. (C), District Manager, The 
Babcock & Wilcox Co., 49 Federal St., 
Boston, Mass. 

Immer, Wm. L. (C), Central District Are 
Welding Specialist, General Electric Co., 
840 South Canal St., Chicago, Ill. 

Imperati, Joseph (C), Welding Engineer, 
American Brass Co.; (Res.) 1598 Blivd., 
W. Haven, Conn. 

Inberg, Elmer J. (D), Mech. Welder & In- 
structor, U. 8S. Forest Service, (Res.) 
Eagle River, Wis. 

Inglesby, Charles A. (B), Manager, Struc- 
tural Dept., The Steel Products Co. Inc., 
P. O. Box 1007, Savannah, Ga. 
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Ingram, Harry L. (C), Washington Repre- 
sentative, Air Reduction Sales Company, 
1823 L St., N. W., Washington, D. C. 

Inskeep, Harry (B), Development Engineer, 
The Linde Air Products Co., 686 Freling- 
huysen Ave., Newark, N. J. 

Ireland, B. N. (D), Elec. Welder, Vernon 
Tool Co.; (Res.) 210 E. Cedar, Bellflower, 
Calif. 

Ireton, Samuel R., Jr. (B), Engineer of Tests, 
U. S. Pipe & Fdy. Co., Burlington, N. J. 

Irons, James D. (C), Associate Metallurgist, 
Navy Yard, Portsmouth, N. H.; (Res.) 
York Village, Maine. 

Irvin, J. L. (C), Asst. General Supt., Gulf 
Oil Corp.; (Res.) 6418 Auden Ave., 
Houston, Texas. 

Irwin, George W. (C), District Manager, 
Air Reduction Sales Co., 327—25th Ave., 
S. E., Minneapolis, Minn. 

Irwine, Robert L. (C), Genl. Supt., Purolator 
Products Inc., 365 Frelinghuysen Ave., 
Newark, N. J. 

Isenburger, Herbert R. (C), President, St. 
John = Ray Service, Inc., 30-20 Thomson 
Ave., Long Island City, N. Y. 

Isgren, Elmer (B), Plant Supt., R. G. Le 
Tourneau, Inc., Peoria, Ill. 

Isgren, Vernon R. (B), Dept. Supt., R. G. 
Le Tourneau, Inc.; (Res.) 620 Reservoir 
Ave., Peoria Hghts., Ill. 

Iwasaki, Massahide (B), Commander I. J. 
N., The Japanese Naval Inspector Office, 
1 Madison Ave., New York, N. Y. 
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Jackson, C. E. (C) Metallurgist, Naval Re- 
search Laboratory, Anacostia Station, 
Washington, D. C.; (Res.) 314 Poplar 
Ave., Takoma Park, Md. 

Jackson, Earl T. (D), Welder, Independent 
Packing Co.; (Res.) 6212 Reichman Ave., 
St. Louis Co., Mo. 

Jackson, Edward C. (C), Supervisor, M. of 
W. Equipment & Scales, Southern Pacific 
Lines, 324 8. P. Bldg., Houston, Texas. 

Jackson, H. A. (A), Mfgr. Welding & Safety 
Equipment, Jackson Products, 15122 Mack 
Ave., Detroit, Mich. 

Jackson, J. O. (B), Chief Engineer, Pitts- 
burgh, Des Moines Steel Company, Neville 
Island P. O., Pittsburgh, Pa. 

Jackson, L. F. (B), Sales Rep., The Linde 
Air Prods. Co., 441 Stuart St., Boston, 
Mass. 

Jackson, Thomas M. (A), Electric Engr., 
Sun Shipbuilding & Dry Dock Co., Chester, 

a. 

Jacob, F. B. (C), District Manager, Thomson- 
Gibb Electric Welding Co.; (Res.) 2010 
East 102nd St., Cleveland, Ohio. 

Jacobsen, Carl (D), Welder, U. S. Engineers 
Shop, Gohagen, Mont. 

Jacobsen, Odd (B), Naval Arch. & Welding 
Engineer, Trosvik Verksted A/S, Brevik, 
Norw: ay. 

Jacobsson, Wilgot J. (B), Engr., The Linde 
Air Prods. Co., 686 Frelinghuysen Ave., 
Newark, N. J. 

Jacobus, David Schenck (B), Advisory Engi- 
neer, The Babcock & Wilcox Co., 85 Lib- 
erty St., New York, N. Y. 

Jalowy, H. C. (D), Elect. Welder, T. & 
N. O. Ry. Co., 324 8S. P. Bldg., Houston, 
Texas. 

James, H. Rees (C), Metallurgist, Blaw- 
Knox Co., 1525 Penn Ave., Pittsburgh, Pa. 

James, Louis (F), 201 Lowry St., Stillwater, 
Okla. 

James, Paul W. (C), Sales Engineer, Lin- 
coln Electric Co., 17 Lake View Pk., 
Rochester, N. Y. 

Jankov, Paul V. (B), Naval Arc, Ship Sur- 

veyor, % Det Norske Veritas, Raad- 
husgaten 25, V, Oslo, Norway. 

Jankowiak, Leo (D), Electric Welding, 
Bethlehem Steel Co.; (Res.) 323 N. Ell- 
wood Ave., Baltimore, Md. 

Jansen, Charles (D), Welder, Delco Appli- 
ance Corp.; (Res.) 238 Thorncliff Dr., 
Irondiquoit, N. Y. 
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Jansen, John (D), Gas & Elect. Weirdo, 
RCA Mfg. Co.; (Res.) 7211 Charles ; 
Phila., Pa. 

Jansen, Richard M. (D), Welder, Steel Tan) 
& Pipe Co.; (Res.) 1275 University Ave. 
Berkeley, Calif. 

Janzer, Jos. M. (C), Welder, Link-Belt 
— 3327 N. Almond St., Philadelphia 

a. 


Jarman, Donald (B), Welding Engi: 
Wickes Boiler Co., Saginaw, Mich. 

Jarolim, Frank (D), Welding Operator. 
Delehanty Institute of Welding; (Res 
1526 First Ave., New York, N. Y. 

Jarvis, J. Allen (D), Welder, Bethlehem Stee} 
Corp.; (Res.) 114 Birch St., Roslindale. 
Mass. 

Jedlick, Charles L. (C), Designer, Chevrolet 
Motor Co.; (Res.) 2630 Mallory, Flint 
Mic h. 

Jefferson, John A. (B), Manager, A F. 
Robinson Boiler Works, 200 Second A, 
Cambridge, Mass. 

Jefferson, T. B. (B), Editor, Welding Engi- 
neer, Welding Engineer, Publishing Co 
506 So. Wabash Ave., Chicago, Lil. 

Jeffries, W. J. (C), Chief Insp. Phila. Ord., 
Army Ordnance Dept., 2 Mittens Bldg., 
Phila., Pa. 

Jelinek, Joe (B), Timestudy Engr., St. Pau! 
Hydraulic Hoist Co., 2207 University Ave., 
S. E., Minneapolis, Minn. 

Jenkins, Alex F. (B), Alex Milburn Co., 
1416-28 W. Baltimore St., Baltimore, Md. 

Jenkins, Don S. (D), 352 W. 5th North &t., 
Salt Lake City, Utah. 

Jenkins, Osce O., Jr. (B), General Delivery, 
Hasty, Colo. 

Jenks, Glen F. (B), Colonel, Ordnance De- 
partment, U. 8S. Army, Ordnance Office, 
Munitions Bidg., Washington, D. C. 

Jennings, Chas. H. (B), Research Engineer, 
Westinghouse Elec. & Mfg. Co., Research 
Labs., E. Pittsburgh, Pa. 

Jennings, Wm. L. (C), Arc Welding Inspec- 
tor, Cuyahaga County; (Res.) 1076 E. 
171st St.,,Cieveland, Ohio. 

Jensen, Cyril D. (C), Assoc. Prof. of C.E., 
Lehigh Univ., Bethlehem, Pa. 

Jensen, Holger (A), Manager—Boiler & 
Machinery Division, Maryiand Casualty 
Co.; (Res.) 203 East 32nd St., Baiti- 
more, Md. 

Jerabek, T. E. (C), Metallurgist, Lincoln 
Eiectric Co.; (Res.) 13608—5th Ave., E. 
Cleveland, Ohio. 

Jesperson, Chas. (C), Welder, Genera! Elec- 
tric Co.; (Res.) 2508 Campbell Ave., 
Schenectady, N. Y. 

Jeswald, Joseph (D), Machinist Foreman, 
Youngstown Welding & Engrg. Co.; 
(Res.) 41 N. Meridian Ave., Youngstown, 
Ohio. 

Jewell, Alpha (C), Engineer, The Armco 
Int. Corp., Caixa Postal 19 Rio de Janeiro, 
Brazil, S. A. 

Johansen, Edwin B. (B), Mechanical Engi- 
neer (Associate), Dept. of Water & Power; 
(Res.) 6100 Barrows Drive, Los Angeles, 
Calif. 

Johansen, E. K. (B), Chief Engineer, Clear- 
ing Machine Corp.; (Res.) 1111 Edner, 
Oak Park, Ll. 

Johnson, Albert T. (C), Salesman, Air Re- 
duction Sales Co., 1210 W. 69th St., Cleve 
land, Ohio. 

Johnson, Amos R. (C), Welding Instructor 
Commercial Gas Co. (Res.) 3708—41 
Ave. So., Minneapolis, "Minn. 

Johnson, Ashmore C. (A), Vice-President 
Downingtown Iron Works, Downingtown, 
Pa. 

Johnson, Bert C. (D), Welding Operator, 
608 Tracy, Peoria, Lil. 

Johnson, Caleb C. (D), Welding Operator 
Electric Machinery Mfg. Co.; Nes 
2410 Johnson St. N. E., Minneapolis 
Minn. 

Johnson, Carl G. (C), Asst. Professor, Wor- 
cester Polytechnic Inst., Worcester, Mass 

Johnson Chester, (D), Welder, Lincoln 
Electric Co., 1745 N. Taylor Rd., & 
Cleveland, Ohio. 
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Johnson, Frank O. (B), Boiler Engr., Ocean 
\ccident & Guarantee Corp.; (Res.) 1612 
So. Columbia PI., Tulsa, Okla. 

Johnson, George E. (D), Welder, Federal 
Shipbldg. & Dry Dock Co., P. O. Box 87, 
Whitehouse, N. J. 

Johnson, George R. (C), Dist. Manager, 
Lincoln Electric Co., 401 N. Broad St., 
Philadelphia, Pa. 

Johnson, Gustave (C), Supervisor, Applied 
Engrg. Dept., Air Reduction Sales Co., 
81S W. Winnebago St., Milwaukee, Wis. 

Johnson, Hugo E. (C), Res. Engr., Battelle 
Memorial Inst., 505 King Ave., Columbus, 
Ohio 

Johnson, John A. (C), Assistant Mechanical 
Engineer, Chicago Bridge & Iron Company 
1305 W. 105th St., Chicago, II! 

Johnson, J. H. (B), President, Johnson Sup- 
ply Co., 1414 Wazee St., Denver, Colo. 

Johnson, John M. (B), Factory Superintend- 
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Kemm, H. E. (C), Resistance Welding Engr., 
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Kenney, A. A. (C), Manager, Chicago 
Bridge & Iron Works, 250 Stuart St., 
Boston, Mass. 

Kenney, Louis T. (B), Vice-Pres. & Gen. 
Mgr., The United Welding Co., P. O. Box 
247, Middletown, Ohio. 

Kennon, Lorenzo (B), Welding Engineer, 
Resistance, Lockheed Aircraft Corp.; 
(Res.) 1927 Evergreen St., Burbank, Calif. 

Kenny, John F. (B), Acety. Welder, Wash- 
ington Gas Light Co.; (Res.) 4226 Ellicott 
St., N. W., Washington, D. C. 

Kenny, L. T. (B), Mer., Kenny Boiler & 
Mfg. Co., 423 E. 6th St., St. Paul, Minn. 
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Kirk, L. E. (C), Chemical Engineer, Vickers 
Petroleum Co., Wheeler-Keeley Bldg 
Wichita, Kans. 

Kissock, Alan (C), Vice-President in charge 
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Knabe, M. C. (B), Manager, Keystone Engi- 
neering Co., 1112 Bessemer Bldg., Pitts- 
burgh, Pa 

Knable, G. Elkins (B), Special Representa- 
tive, Army Ordnance, Carnegie-Illinois 
Steel Corp., Carnegie Bldg., Pittsburgh, 
Pa. 
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DECEMBER 


r 
K 
ate 
Kr 
Ke 
K 
Ke 
Ke 
K 
K 
K 
a 
K 
K 
K 
K 
k 
k 
Es, 
I 
] 


erg Knox, George (C), Architectural Engineer, Krejci, E. L. (C), Works Manager, American Lahn, A. L. (B), Registrar. Pennsylvania 
n- U.S. Navy Dept., Bureau of Yards and Steel Foundries, 4831 Hohman Ave., Welding Inst 3717 Filbert St.. Phila 
Docks, W ashington, D. C. Hammond, Ind delphia, Pa 
Petras) M. N. (B), Maintenance Supt., Kremer, Eugene C. (C), Welder Leaderman Lahn, Sydney (B Director, Maryland 
re., Minnesota & Ontario Paper Co., Inter- Western Pipe & Steel Co Res.) 721 Welding Institute. and Pennsvivania Weld 
national Falls, Minn. Miller Ave., South San Francisco, Calif ng Institute, 3717-29 Filbert St., Phila 
ers Koblack, Victor (C), Welding Foreman, Krewson, Ralph (©), Welder ive Welding delphia, Pa 
ig Albert Pipe Supply Cc o; (Res.) 639 E. 13th Service, 2427 Leslie, Overland, Mo Laidley, C. D. (B), Adv. Manager, National 
St., New York, N. Y. Kriz, Robert J. (B), Testing Eng _ James H Tank Co.; (Res.) 312 W. Queen St., Tulsa, 
rge Kobus, Peter (D), Welder, National Fire- Herron Co., 1360 West 3rd St., Cleveland. Okla 
ce) proofing; (Res.) Dahl Ave., Keasbey, Ohio. Lair, Walter B. (B Welding Engineer. 
N. J. Kroll, Victor J. (1D), Electric Welder, Beth- York Safe and Lock Co.; (Res.) 1109 8 
a Koch, Bernard A. (C), Supt. of Welding, lehem Steel Co.; (Res.) 65 Rossmore Road Queen St., York, Pa 
D The Falk Corp., 3001 W. Canal St., Jamaica Plain, Mass. Lakin, Charles R. ((), Welder Operator 
Milwaukee, Wis. Krouza, Louis (ID), Student Welder, National Battelle Memorial Institute; (Res.) 1210 
tric Koenig, agg? A. (D), Welder El., Bethlehem Institute; (Res.) Box 156-D, R. D. 1, Oak St., Columbus, Ohio 
lis, Stee 1Co., N. Y. Y ards; (Res.) 237 E. 56th George St., E. Rahway, N. J Lamach, John (C Mechanic & Welder. 
, New York, N. Y. Krumholz, Alfred F. (B), President, Chicago Collison and Dollven, Box 871, Billings, 
Or, Phen Harry (C), Sales, Air Reduction Boiler Co., 1965 Clybourn Ave., Chicago, Mont. 
oz, Sales Corp.; (Res.) 31 Landers Road, Ill. Lamb, Henry C. (C), Structural Engineer, 
Kenmore, N. Y. Kruse, Harvey, H. (1D), Welder, American Elwyn E. Seelye & Co., 101 Park Ave., 
nal Kohibry, F. P. (C), President, Machinery Locomotive Co.; (Res.) 312 Riverside New York, N. ¥ 
oS & Welder Corp., 700 8S. Spring, St. Louis, Ave., Scotia, N. Y. Lambert, J. R. (B), Chief Engineer, Phoenix 
oe Mo. Kuchynka, Albert (C), Supt. Okla. City Bridge Co., Phoenxville, Pa 
, Kohlbry, Robert L. (B), Vice-Pres. & Dist. Plant, Black, Swalls & Bryson, Ine.: Lamond, Nestor T. (B Weld Foreman 
1ec- Mer., Machinery & Welder Corp., 312 N. (Res.) 3028 N. W. 11th St., Oklahoma United Eng. & Fdry. Co Res.) 4313 
“ast Loomis St., Chicago, Il City, Okla. Rush Blvd., Youngstown, Ohio 
; Kolasky, J. C. (C), Production Man: ager, Kudrich, John (DD), Service, Federal Mach. Landis, George G. (C), Chief Engineer, Lin 
0. The Youngstown Welding & Engineering & Welder Co., 212 Dana St., Warren, Ohio. coln Electric Co tes 2559 Dysart 
Co : (Res.) Box B, West Side Sta., Kuehn, Ernest (B), Mechanical Manager, Road, 8. Heights Br Cleveland, Ohio. 
gr., Youngstown, Ohio. Electro-Motive Corp., Box M, La Grange, Landis, Houston E., Jr. (C), Manager, Ap 
E. Komleski, Edw., Jr. (D), Welder App., Ill. paratus Research and Development Dept 
Foster Wheeler Co.; (Res.) 130 Long- Kugler, Arthur N. (C), Mechanical Engineer. Air Reduction Sales Co., 181 Pacifie Ave 
ling fellow St., Carteret, N. J. Applied Engineering Dept. Air Reduction Jersey City, N. J 
and Konetchy, Edw. V. (B), Foreman Pipe Sales Co., 60 E. 42nd St., New York, Landrum, Robt. James ((), Research Engr 
Fabricating Dept., Walworth Co., South er. Una Welding, Ine Res.) 13510 Wood- 
can Besten; (Res.) 7 Brookfield St., Roslin- Kuhlberg, Carl F. (D), Welder & Cutter. worth Ave., Apt. 6, Cleveland, Ohio 
lett dale, Mass. General Electric Co.; (Res.) 516 River- Lane, Arthur L. ((), Sales Engineer, Detroit 

Koons, R. E. (B), Manager, Puritan Com- side Place, Scotia, N. Y. Edison Co.. 2000 Second Ave., Detroit 
ng pressed Gas Corp., 2012 Grand Ave., Kan- Kuhn, H. C. (B), Engineer, Sinclair Refining Mich. 
ve., sas ( ity, Mo. : ; Co., East Chicago, Ind. Lane, Harry A. (1)), Welder, 1122 W. 107 

Kordic, J. F. (C), Welder. Electric Steel Kumiega, Walter J. (C), Welder, The Ed- St., Los Angeles, Calif 
der, Foundry, 2115 N. W. 32nd Ave., Portland, ward Valve & Mfg. Co.. Inc.. 1200 W Lane, Ralph S. ((), Welder, Lucey Boiler 
543 Ore. 6 , 145th St., East Chicago, Ind. Corp., 951 E. 13th St., Chattanooga, Tenn 

Koresh, George (C), Research Engineer, Kunert, Max J. (C), 57th & Blue Rid : ) 2 

an . OF dge, Lane, Richard (B), Prod. Mgr toss 

318 (Res.) 4365. N. 25th R. D. 2, Kansas City, Mo. Heater & Mfe. Co.. 1407 West Ave.. 
: St., Milwaukee, s. 
Kunze, A. E. B), Chief Metallurgist, suffalo, N. Y. 

Korn, (I Elec. Welder, Tennessee Coal, Iron & R. R. Co., Depart- Lang, Elmer ((), District Manager, Amer 
cal, Southern Pacific Co. ; (Res.) 2558—18th ment Met. Insp. & Research, Ensley, Ala can Brass Co., Investment Bldg.. Wash- 
es. St., Sacramento, Calif. D.C 

Marti Kurtz, Walter H. Chief Engineer, ington, 
7 Korn, Martin P. (B), ( onsulting Engineer, Sheffield Steel Corp., Kansas City, Mo. Lang, J. L. (C), 2519 N. Harvey, Oklahoma 
eer, 726 Washington St., Buffalo, N. Y. 
illi . N : Kurzina, Edw. (D), Student, Industrial City, Okla. 
Kornacher, Wi liam H. (€ Mechanical School of Welding: (Res Fairfield Ave., Lange, Edward ngine Draftsman 
W. 7 ee anadian & General Finance Co. West Caldwell. N. J American Ship Building Co., Foot of W 
itd., 25 King St., ‘est, Tor 2 j FA St Clevol 
ace, ae King St West Toronto, 2, Kusek, A. G. (D), Welder, American Loco- 54 St.. Cleveland. Ohio 
motive Co.; (Res.) R. D. 5, Guilderland Lange, Frank W. (I) Welder, Western 
ker, Keenes, C. _B. (¢ ), Welding Instructor, Ave., Schenectady, N. Y. Electric Co.; (Res.) 711 So. 2nd Ave 
3rd Alabama School of Trades, Gadsden, Ala. M: 1 Til 
Koshli Kutuchieff, Ivan (D), Operator, A. O. Smith ay woo 
oshliek, Andrew (C), Sub. Foreman, Corp.; (Res.) 1436 N. 26th St., Mil- Langen, Wm. E. ((), Proof Officer, Ist Lt 
ngi- Dock Co.: (Re 15 4th St. Ni Astin waukee, is. U.S Army, Ord Dept Aberdeen Proving 
itts- ton, N. J. : — Kvasnicka, Wesley (C), Operator, Standard Ground, Aberdeen, Md 
3 Ir & Wire Works: (Res.) 2349 No. 3 Civil Engr., 36 West 

Kotsch, A. J. (C), Methods Engr., Lennox erally Minn NY 
nta- Furnace Co., 400 N. Midler Ave., Syra- ; 
nois cuse, N. Y 7 Kyle, Peter E. (C), Asst. Prof. of Mech Langquepin, Jacques E. (C), President, La 
rgh, Eng., Mass. Inst. of Technology, Cam- Société La Soudure Electrique Paris, 20 

Kovac, Michael (D), Welder, North Ameri- bridge . Mass. Rue Toulouse Lautree, Paris XVII, 
‘ ean Iron & Steel Co.; (Res.) 23-83 Cres- . 
ints cent St., Astoria, L. .. N. Y Kyler, Donald (D), Welder & Flame Cutter, France. 

St ; 21 eager Ma Perfection Stone Co.; (Res.) 215 R. Mid- Langston, R. (ID), Welder, Southern Pacific 

Kowallis, John (C), Asst. Supt., Leetsdale distury St. 99 

ebury St., Elkhart, Ind. Co.: (Res.) 221 Dublin St., San Fran 
Plant, Bethlehem Steel Co.; (Res.) 311 : 
wair Chestnut Rd., Sewickley, Pa. L L Paoeath — 4 J. (B), Metall Duff 
iew, Kozak, ) 56 Ye, arointe, re . Jleta urgist, u 
Lacey, Jim (C), National Cylinder Gas Co. Norton Mfg. Co., Box 1889, Pittsburgh, 
gr Kozar Leon C (C Operator, Niagara Weld 205 W. Wacker Drive, Chicago, IIl. Pa. 
St. Lackey, Walter (D), Combination Welder, Largent, Jack (B), Box 2052, Houston, 
St., ing & Boiler Works Inc.; (Res.) 1731 , . . 
Niagara St., Niagara Falls. N. Y Bridgeport Mach. Co.; (Res.) 2408 East Texas. 
TAS? 9th, Wichita, Kans. Larsen, Elmer Shop Foreman, American 
coln Kraetsch, Elmor J. (D), Welder, T. L. Smith : 
+ acy Machine Works, 1210 Jackson St., Omaha, 
nd, Co.: (Res.) 728 N. St.. Milwaukee Lacy, Walter P. (B), Supt., Lacy Mfg. Co., ; 
' Wie Res.) 7 N. 14th St., Milwaukee, 1000 N. Main St., Los Angeles, Calif. Nebr. 
syl- Kraus, Rudolf (C), Welding Engineer, Stacey Ladd, — Ins tor, B) E agin I 
lege, Bros Gas Construction Co., Station P, end i. ept. Shop fractice, Man- St. Pittebur gh. Pa : 
Box 34, Cincinnati, Ohio. iattan, Kans. L L J. B) c Weld 

Krause, Fred J. (C), Asst. Gen. Mgr., Com- Ladd, Wendell (D . Electric We der, nited arson, ouis , Con elding ung 

Co., . bustion Engineering Co., 1032 West Main States Navy Yard; (Res.) 846 State St., 528 N. Stowell Ave., Milwaukee, Wis 
; St., Chattanooga, Tenn. Portsmouth, N. H. Lesmebiiei George (1D), Electric Welder 
; School; (Res.) 47-10 Laurel Hill Blvd., he Linde Air Products Co., Sansome St., Rochester, ! 
r of Woodside, L. I., N. Y. St., San Francisco, Calif. Lashar, Walter (B), Director of Research, 
ros Krause, H. E. (C), Shop Supt., Moorlane La France, B. A. (D), 47 Center St., Jersey American Chain & Cable Co Inc BE 
Co., 409 E. Archer, Tulsa, Okla. City, N. J. Princess & Charles Sts., York, Pa 
aker » Kreiner, Paul (C), Welding Supt., M. P. La Grange, D. (B), President, Soudometal, Lashbrook, C. A. (C), Vice-President, Okla 
st., McCaffrey, Inc., 2121 E. 25th St., Los S. A.; (Res.) 101A Ave. Du Prince homa Testing Laboratories, 1145 N. W 
Angeles, Calif. D’Orange Uccle-Bruselles, Belgium. Second, Oklahoma City, Okla 
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Lasher, E. R. (D Electric Welder, General 
Fire Extinguisher Co.; 267 At- 
lantic N. W Warren, Ohio. 

Laske, Frank DD), Welding Operator, 
\merican Laundry Machine Co.; (Res.) 
194 Sunset St tochester, N. Y. 

Lassner, Hans F. (DD), Treadwell Construc- 
tion Co., Midland, Pa 

Last, Albert J. (C), Salesman, Welding 
Sales & Engrg. Co., 1627 W. Fort St., 
Detroit, Mich. 

Latta, A. L. (B), Welding Engineer, D. G. 
Latta, Ltd., Edmonton, Alberta, Canada. 

Lau, Wilbur H. H. (D), Oxy. Acty. Cutter & 
Layout man, Nordberg Mfg. Co.; (Res.) 
1740 S. 30th St., Milwaukee, Wis. 

Laughton, James A. (B), Engr., Hamilton 
Bridge Co. Ltd., Hamilton, Ont., Canada. 

Laulhere, Bernard (€), Technical Super- 
visor, So. Calif. Gas Co., 1700 Santa Fe 
Ave., Los Angeles, Calif. 

Launder, J. E. (C), Pres. Elect. Sales & Re- 
pairs, Independent Elec. Machinery Co., 
300 8. W. Blvd., Kansas City, Mo. 

Laur, Anna (ID), Welder, Germantown 
Welding Co., 25 East Price St., German- 
town, Philadelphia, Pa. 

Lauria, Thomas (1)), Welder & Sales, Metro- 
politan Welding Fabricators Inc.; (Res.) 
529 West 149th St., New York, N. Y. 

Laurinatis, John, Jr. (C), Welding Super- 
visor, L. O. Koven & Bro., 80 West 55 
St., Bayonne, N. J. 

Lauterbach, E. W. (C), Chief Draftsman, 
Sun Oil Co., 1608 Walnut St., Philadel- 
phia, Pa. 

Lautner, W. F. (DV), Supervisor Applied 
Eng. Dept., Air Reduction Co., 808 Haw- 
ley Bldg., Wheeling, W. Va. 

Lavallie, A. J. (D), Welder, W. A. Pope Co.; 
(Res.) 8259 Ingleside Ave., Chicago, Ill. 
Laverty, C. Russell (C), Sales Engineer, 
Bethlehem Steel Co., 702 American Se- 

curity Bldg., Washington, D. C. 

Lavine, Geo. S. (B), President, Craftsmen 
Welders, Inc., Ft. of Court St., Brooklyn, 


Lavoy, Louis (C), Pres., Louis Lavoy Inc., 
Knapp St. & Shore Blvd., Brooklyn, N. Y. 

Lawler, Dan (D), Welder, Norfolk Navy 
Yard; (Res.) 5 Malvern Hill, Portsmouth, 

a. 

Lawler, J. W. (B), American Car & Fdy. Co., 
St. Charles, Mo. 

Lawless, Thos. J. (C), Sales Mgr , Champion 
Rivet Co., E. 108th & Harvard Ave., 
Cleveland, Ohio. 


Lawrence, Glenn R. (C), Structural Engi- 
neer, Wellman Engineering Co.; (Res.) 
3401 Cedarbrook Road, Cleveland Heights, 
Ohio, 


Lawson, Heathcote W. (8B), Engineer, 
Bethlehem Steel Co., Fabricated Steel 
Construction; (Res.) 243 E. Church St., 
Bethlehem, Pa. 


Lawson, Robt. James (1)), Welder, Belmont 
Iron Works Co.; (Res.) 2210 Bainbridge 
St., Phila., Pa. 

Lawton, Frank (1), Welder, Continental 
Roll & Steel Fdy. Co.; (Res.) Chester, 
W. Va. 

Layfield, Elwood (B), Chief Engineer, 
Bechtel-McCone-Parsons Corp., 601 W. 
Fifth St., Los Angeles, Calif. 

Layman, R. D. (C), Dist. Mgr., The Lincoln 
Electric Co., 716 So. Division Ave., Grand 
Rapids, Mich. 

Layne, L. R. (C), Consulting Engr., 7610 
Dale Ave., Richmond Heights, Mo. 

Layton, Michael S. (C), In Charge of Weld- 
ing Wire Production & Sales, Steel Co. of 
Canada Ltd., Box 460, Montreal, Que., 
Canada. 

Leach, Donald A. (C), Oklahoma District 
Sales Megr., Chicago Bridge & Iron Co., 
1404-5 Hunt Building, Tulsa, Okla. 

Leach, Robert H. \), Vice-President, 
Handy & Harman, Bridgeport, Conn. 

Leahy, Wm. C. (CC), Field Supt., Wyatt 
Metal & Boiler Works Co., Box 3052, 
Houston, Texas. 
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Leaveau, Victor A. (C), Partner, Liberty 
Welding & Iron Works, New Orleans, La. 

LeBaron, R. P. (B), Estimator & Welding 
Engineer, Midwest Steel & Iron Works 
Co.; tes.) 1426 So. Vine St., Denver, 
Colo. 

Lebedeff, Michael N. (C), Plant Engineer, 
Chicago Bridge & Iron Co.; (Res.) 10501 
So. Hamilton Ave., Chicago, Ill. 

Le Bel, Everett M. (C), Welding Contractor, 
Lebel’s Welding Shop, 29 Mason S8St., 
Nashua, N. H. 

LeBlanc, Ray (D), Welder, Midland Pipe & 
Supply Co.; (Res.) 902 No. Avers Ave., 
Chicago, Ill. 

Le Cain, G. H. (C), Instructor, Mech. Eng. 
Dept., Rochester Athenaeum and Me- 
chanics Institute; Res.) 55 Plymouth 
Ave., So., Rochester, N. Y. 

Ledbetter, R. H. (C), Manager, Dept. of 
Metallurgy Insp. & Research, Tenn. Coal, 
Iron & R. R. Co., Birmingham, Ala. 

Ledet, E. J. (C), Welder, Freeport Sulphur 
Co., Port Sulphur, La. 

Lee, Daniel A. (C), President, Gas Weld 
Equipment Co.; (Res.) 496 Pleasant St., 
Malden, Mass. 

Lee, D. W. (D), Welder, Mid-Continent Oil 
Corp., Tulsa, Okla. 

Lee, George S. (D), Welder, Keystone Steel 
& Wire; (Res.) 444 Edmund St., East 
Peoria, Ill. 

Lee, H. J. (D), Chief Clerk, D. B. Hunt Are 
Welding Equip. Co.; (Res.) P. O. Box 
4564, Atlanta, Ga. 

Lee, Henry T. (B), President, Pacific Welding 
& Machine Works, 551 South St., Honolulu, 


Lee, John F. (ID), Welder, United Engineer 
and Construction Co.; (Res.) 16 Hawley 
St., Worcester, Mass. 

Lee, Leonard (1), Are Welder, Eastern 
Steel Tank Corp.; (Res.) 425 Senator 
St., Brooklyn, N. Y. 

Lee, R. J. (B), Supt. of Erection, Pittsburgh- 
Des Moines Steel Co., Neville Island Sta- 
tion, Pittsburgh, Pa. 

Lee, Walter (C), Welding Foreman, State 
Welding Service, 304 Elm St., Camden, 
N. J. 

Leeper, James A. (B), Foreman, Westing- 
house Air Brake Co., Wilmerding, Pa. 
Lehman, Jack (1D), Welder, Western Pipe 
& Steel Co.; (Res.) 3407—24th St., San 

Francisco, Calif. 

Leiby, Geo. L. (B), Arc Welder, General 
Electric Co.; (Res.) P. O. Box 2665, 
Station C, Philadelphia, Pa. 

Leigh, W. K. (B), Works Manager, Indus- 
trial Service Engrs. Ltd.; (Res.) 212 
Whitehall St., Footscray W. 11, Victoria, 
Australia, 

Lelless, Cecil (D), Student, Industrial School 
of Welding; (Res.) 172 Cambridge St., 
Garfield, N. J. 

Le Master, R. M. (C), Sales Engineer, 
Harnischfeger Sales Corp.; (Res.) 4439 
Santa Fe Ave., Los Angeles, Calif. 

Lenahan, Vincent (PD), Factory Worker, 
Delco Appliance Div.; (Res.) 149 Cam- 
eron St., Rochester, N. Y. 

Lengerhuis, Otto (1D), Welder-Machinist, 
The John B. Adt Co., 326 N. Holiday St., 
Baltimore, Md. 

Leonard, B. H. (B), Welding Supt., Mid- 
West Piping & Supply Co., 1450 So. 2nd 
St., St. Louis, Mo. 

Leonard, Roy (C), Foreman, Electric Steel 
Castings Co.; (Res.) Brownsburg, Ind. 
Leonhauser, A. O. (C), Welding Inspector, 
Gath Mach. Works; (Res.) 437 A. Tehama 

St., San Francisco, Calif. 

Lessak, William (1D), Elect. Welder, Hoyt 
Heater Co., 168 W. 42nd St., Los Angeles, 
Calif. 

Le Tourneau, Richard (C), Personnel Man- 
ager, R. G. Le Tourneau, Inc., Toccoa, 
Ga. 

Levyn, Stanley M. (C), Manager, Acme 
Electric Welder Co., 5621 Pacifie Blvd., 
Huntington Park, Calif. 
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Lewis, Alfred H. (B), Chief Enginee; 
Electric Welder Co 6560 Epwort} 
Detroit. 

Lewis, Alfred J. (ID), Welder, Frigidaire ¢ 
1421 Carlisle Ave., Dayton, Ohio 

Lewis, E. M. (C), Salesman, Allied 
Craft, Inc., 401 W. South St., Ind 
lis, Ind. 

Lewis, Frank (C), Welder Forema: 
Detroit Edison Company; Res 
Sanford, Detroit, Mich. 

Lewis, Harry R. (B), Chief Meta! 
Ohio Seamless Tube Co., Shelby, O 

Lewis, James T., Jr. (C), President, | 
Welding «& Eng. Corp., Bedford. (>) 

Lewis, Theodore (C), Serviceman, A, 
Eng. Dept., Air Reduction Sales | 
(Res.) Rt. 3, Box 255, Louisville, Ky 

Lewis, Wm. W. (B), 1126 N. New s; 
Bethlehem, Pa. 

Ley, Harry J. (C), Instructor, San P 
High School, Alma & 15th Sts., San P 
Calif. 

Libby, H. H. (C), Owner, Libby W; 
Co., 2700 E. 15th St., Kansas City, M 

Lichtenwalter, T. R. (C), Metallurg 
Dept., Republic Steel Corp., Mass 
Ohio. 

Liebenow, John (D), Elec. Arc & Acetylen 
Welder, Thatcher Furnace Co., Garwood 
N. J.; (Res.) 206 Avon Ave., Newark 
N. J. 

Light, A. T. (A), York Ice Mach. Cor; 
York, Pa. 

Lilienthal, F. W. (D), 31-28—9lst St., Jack 
son Heights, Queens, L. I., N. Y. 

Lill, Charles (C), General Manager, Weld- 
craft Equipment Co.; (Res.) 3646 Ha 
bison St., North Side, Pittsburgh, Pa. 

Lincoln, J. C. (B), R. D. 1, Box 141, Scotts 
dale, Arizona. 

Lincoln, J. F. (A), Lincoln Electric Co 
Coit & Kirby Aves., Cleveland, Ohio 
Lincoln, James F., Jr. (D), Welder, Lincoln 
Electric Co., Coit & Kirby Aves., Clev: 

land, Ohio. 

Lincoln, P! M. (D), Lead Man, Reed Rolle: 
Bit Co.; (Res.) 4603 Wayne St., Houston 
Texas. 

Lincoln, Rollo B. (B), Director National 
Weld Testing Bureau, Pittsburgh Testing 
Laboratory, 1330 Locust St., Pittsburgh 
Pa. 

Linde, G. F. (C), Ind. Engr., Link Belt Co 
300 W. Pershing Road, Chicago, Ill. 

Lindeke, Harold H. (B), Salesman, Nicols 
Dean & Gregg, St. Paul, Minn. 

Lindgren, Henry (B), Boiler Shop Foreman 
Hilo Iron Works, Hilo, T. H. 

Lindholm, John (C), Engr., Dravo Corp.; 
(Res.) 7035 Flaccus Rd., Ben Avon, Pa. 
Lindimore, C. O. (C), Welding Supervisor 
U. 8S. Engineers Repair Station; (Res 

108 Oakwood Ave., Marietta, Ohio. 

Lindley, R. W. (B), Prof. Engrg. Sho; 
Practice, Purdue Univ., Lafayette, Ind 

Lindquist, Albert K. (D), Welder, Bklyn 
Navy Yard; (Res.) 10 Monroe St., Apt 
J. D. 9, New York, N. Y. 

Lindquist, Art (D), Welder, Great Lakes 
Forge Co.; (Res.) 31 BE. 119th St., Chicag: 
Ill. 

Lindsay, J. A. (F), 1267 Pendrill St., Van 
couver, B. C, 

Lindsay, Laverne (C), Welder, Consolidated 
Coal Co.; (Res.) 209 E. Pine St., Herrin 
lll. 

Lindsey, E. B. (F), Student, A. & M. Co 
lege; (Res.) 302 So. Husband, Stillwater 
Okla. 

Lindsey, I. T. (D), Welder, National ‘ 
Iron Pipe Co., Birmingham, Ala. 

Liner, W. R. (C), Shop Foreman, W) 
Metal & Boiler Works, Box 3052, Houst 
Texas. 

Lingner, George L. (B), Production Meg 
Jabez, Burns & Sons, llth Ave. & 
St.. New York, N. Y. 

Lintvedt, Halvard (C), Factory Mer., Whit 
head Metal Prod. Co.; (Res.) 4801 | 
50th St., Vernon, Calif. 
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Lippincott, Lloyd C Dist Manager, Lord, Arthur S. (B), National Inst. | 5 Lyons, W. E. (C). Sales Engi 
National Cylinder Gas Co., Box 1534, Lafayette, St., Newark, N. J & Co., Ine 901-37 Pennsylvania Ave 
Oklahoma City, Okla Lorentz, Roy E., Jr. F), Engineer, Combus Pittsburgh, Pa. 
Lips hitz, William (C), Manager Shop, tion En ring Co.; (Res.) 503 Kyle Lyster, H. M. (B), Manager, Dominion 

Pitts i Iron Works & Coal Supply, 458 Ave Pee »kout Mi . Tenn Welding Engineering Company Ltd 

Sonth gage Mass Losch, Albert A. (B), Asst. Factory Supt P. O. Box 494, Montreal, Que., Canada 
Lipsky, Seana J. | , Supervisor, American R. G. Le Tourneau, Inc., 1207 E. Virginia, Lytton, Chas. W. (C), District Sales Mar 
] motive Co., Se sche nectady, N. . 2 Peor i Ill The Lineoln Electrie Co ; Res M 
Phe Liston, Earl C. (C), Vice-Pres. and Supt., Lothian, James (B), Master Mechanic, Park, Franklin, Pa 
mH) Eaton Metal Products Co., 4800 York Ewa Plantation Co., Ewa, Oahu, T. H. 
St., Denver, Colo. . Loucks, F. B. (C), Moise Steel Co., 4027 W M 
Little, Robt. W. (D), Are Welder, York Ice Scott, Milwaukee, Wis : . 
va) lade Maak, Charles Supt. of Erection, Com- 
Ma p Re s.) 530 Ww. Philadel- Louis, Harry Hobart Bros 228 n eering New Br 
phia 2OrK, Pa Washington Ave., No., Minneapolis, Minn wick Ave. Fords NS 
Little, Wm. O. (B), Dist. Mgr., National Director, Rabeock & Wiles ; 

Electric Welding Machs. Co., 3109 May- J Res) 48. Rue Boet Fas on. MacCutcheon, Edward M., Jr. (( \sso- 
( field Road, Cleveland, Ohio. Wrance. 1 N aval Ar Bu 
Livermore, Claude F. (C), Salesman, Berg- Lounsbery, Chas. A. (D), Electric Welding mer ’ Ream 1000, W shin roe D a. 
St strom Steel Co., 3341 E. Slauson Ave., York Gafe & Lock (R R.D.2. 

onestoga, Lancaster 0., a. iwineer Jana ‘anal 6 
Llewellyn, F. T. (E), % Louree, C. H. (D), Operator, Patterson Steel Z 

r. F. B. Llewell 72 Afterglow Ave., 2219 2 

at Company, 3312 E. 3rd, Tulsa, Okla MacDonald, Roderick (C), Inspector, R. W. 

Mont ar ; / ~ Low, Albert S. (B), Vice-President & Chief Hunt, 5651 136th St Flushi ing, I I 
ling Lloyd, David S. Engineer, The Austin Co.. 6112 Euclid N.Y 

50 Bay ‘St Sarente Ont. Gude 2 Ave., Cleveland, Ohio. MacDonald, Robert H. (C), Sales Eng., 

Lowe, L. D. (C Sales Engineer, State Ma- Steel Co. of Canada Ltd 67 Yonge St., 

Lloyd, S. Elvin g ), Foreman, Scott Paper chinery Co.. Inc.: Jes.) 509 So. 18th Toronto. Ont.. Canada. 
Co., Chester, Pa. Newcastle, Ind. _ aia 
Newcastle, Ind. . Welder. Chican 
ene Loane, Paul (C), Foreman, Chicago Bridge Lowener, ¥. (C), Westerbroaade 9 Cones- elder Chi ago 
rd & Iron Co., 119 Long Ave., Hillside Sta., hagen " Densnerk 
vark Elizabeth, N. J F.C Gent. Bi R. Ne We ler. I 
Okla. Public Square, Cleveland, Ohi M > 
square, and, o. acFayden, Malcolm (B), Welding Engi 
Lockeman, Geo. F. (C), Procter & Gamble Lowey, John R. (C), Welder Foreman, Re- acer, Mew Wnslend Behool of Practical 
Jack Co., Ivorydale, Ohio. public Steel Corp.; (Res.) 720 E. 82nd Training; (Res.) 2 Nepaug St., Hartford, 
’ Lockman, Edward L. (C), Staff Engineer, St., Chicago, II. Conn. 
Veld- Maintenance Dept., Boston Elevated Lowrie, William (B), John A. Roebling’s MacGuffie, Chas. I. (C), Electric Welding 
Ha Railway, 31 St. James Ave., Boston, Mass. Sons Co., 19 Rector St., New York, N. Y. Section, General Electric Co., Schenec- 
Lockwood, Stephen D. (C), Teacher, Libby Lee \ Braet : , tady, N. Y 
; as, John W. (C), President, Southwest aay, N. 2. 
High School; (Res.) 2319 Ward St., Welding & Mfg. Co., 3201 W. Mission Machee, A. J. (DD), Welder, Western Pipe 
Road, Alhambra, Calif. & Steel Co.; (Res.) 1111 Gough St., San 
Co oeffier, G. B. (B), Clearing Machine Corp.; Luck, W. V. (D), Welder, Cincinnati Millin Francisco, Calif. 

Res.) 3230 W. 62nd Place  ¢ hicago, Ill. Mack Ce: (Res) Vale Ave., Terrace MacIntosh, C. D. (C), Washington Repre- 
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The Falk Corp., Milwaukee, Wis. 

McMillan, J. H. (C), Master Mechanic, 
Kansas Gas & Electric Co., Electric Plant, 
3rd & Kelly, Wichita, Kans 

McMillan, Robert P. (B), 
Southern Oxygen Co., Inc., 

McMullen, L. A. (C), Superintendent, Day 
& Night Manufacturing Co., P.O. Box 150, 
Monrovia, Calif 

McMurtry, L. C. (C), Manager of Erection, 
Horton Steel Works, Ltd.; tes Fort 
Erie, Ont., Canada 

McNall, Richard C. (1D), Are Welding, Pull- 
man Standard Car Mfg. Co.; (Res.) Still 

River, Mass. 


1561 Chickasaw 


Manager, 
City of Los 
Hall, Los Angeles, 


Election Superin- 


Engineering Dept., 
Corp . Box 1844, 


Sales Manager, 
Arlington, Va. 


ALPHABETICAL LIST OF MEMBERS 


McNamar, Chas. A. (B). Pres... MceNamar 
Boiler & Tank Co., P. O. Box 882, Tulsa 
Okla 

McNeal, Lewis A. (I) 
Steel Co Res 
Fran asco Cal 

McNeill, J. M. (C 


nischfeger Cor p 


Welder, Bethlehem 


1015 Gough St san 


Sales ngineer H 
Milw 1ukee Wis 
McNutt, A. D. (B). International Business 

Machines Corp., Endicott, N. Y 
McNutt, Louis C. (C), Welding Engineer 

M. W. Kelloge Co Ft. of Danforth Ave 

Jersey City, N. J 
McPeek, Reynold (C), Job Shop Prop 

Lion Welding Co., 570 Lyons Ave., Ir 

vington, N. J 
McPhee, L. S. (B), Weld. Supt., Whiting 

Corp., 157th & Lathrop Ave., Harvey, Il 
McWhirt, T. B. (1D). Welder, Mid-Continent 

Petroleum Co.: (Res.) 1725 So. Baltimore. 

Tulsa, Okla. 

Meacham, F. L. (B), Mgr. Household En- 
gineering Div., Frigidaire Div 
Motors Corp., Dayton, Ohio. 

Meadowcroft, Joseph W. \ (ssistant 
Works Manager, Edward G. Budd Manu 
facturing Co., 25th & Hunting Park Ave 
Philadelphia, Pa. 

Mebs, Erwin H. (C 


General 


Chief Metallurgist 


The Ohio Steel Foundry Co Res.) Dale 
Drive, Lima, Ohio 
Mechem, R. H. (B), Boss-Welder, Pitts- 


burgh Steel Co = Monessen Pa 

Meeker, Lincoln D. (BB), Sales Manager & 
Electric W elding, General Ele« trie Co 
River Road, Schenectady, N. Y 


Mehaffey, Frank B. ((), Asst. Sales Mgr 


Air Reduction Sales Co., 122 Mt. Vernon 
St., Uphams Corner, Boston, Mass 
Mehl, Walter A. (1D), Electric Welder, 


Prosperity Co.; Res $145-—73rd St., 
Jackson Heights, Long Island, N. ¥ 
Meissner, C. E. (C 
Steel Corp., Normandy 
Washington, Id. C 
Meister, W. F. (C 
Pittsburg Steamship Co 
Bldg., Cleveland, Ohio 
Meixi, Carl (B), 


Sales Engineer, U. 8 


Bldg., Rm. 710, 


of Construction, 


1620 Rockefeller 


, Supt 


Chief Engineer, Alberger 
Heater Co., 287 Chicago St., Buffalo, N. Y. 

Melby, Fred C. ((), Master Mechanic, 
Commonwealth Edison Co., 3400 N. 
California Ave., Chicago, Ill 

Menefee, Chester E. (1D), Machinist Welder, 
Minneapolis, St. Paul, & Sault St. Marie 
R. R.; (Res.) 2827 Polk St. N. E., Minne- 
apolis, Minn 

Mentges, Frank (1D), Machinist Foreman, 
Youngstown Welding & Eng. Co., 511 
Carroll St., Youngstown, Ohio 

Menzies, J. C. (C), Vice-President, C. E 
Phillips & Co., 332 8S. Jefferson St., Chi- 
cago, Ill. 

Mercier, Joseph (C 
Montreal Tramways Co., 
St., Montreal, Que., Canada 

Meredith, A. B. D), Inspector, Delco Ap- 
pliance Corp.; Res 123 Willis Ave., 
Rochester, N Y 

Merkt, Joseph X. (C 
duction Sales Co., 
ville, Ky. 

Merriman, Clem G. ((), Draftsman, The 
Detroit Edison Co., 17343 Birwood, De- 
troit, Mich. 

Merritt, R. A. (B), Magnolia Airco Prods. 
Co., P. O. Box 319. Houston, 


General Foreman 
6060 St. Denis 


, Supervisor, Air Re- 
1256 Logan St., Louis- 


Mertz, E. R. (C Teaching Specialist, 
Stanford University, Dept of Mech 
Engrg., Room 577, Palo Alto, Calif 

Messersmith, John D Metal Fitter, 


Lockheed Aircraft Corp tes 1SO1 
W. San Fernando Rd., Burbank, Calif 
Mesta, L. W. (B), Vice-President, Mesta 

Machine Co., P. O. Box 1466, Pittsburgh, 


Pa 
Meston, John (B), Supervisor, The Pfaudler 
Co Lincoln Park } actory, Rox hester, 


Mettler, F. W. (B), Consulting Structural 
Engineer, 4004 Bluestone Road, Cleve- 
land Heights, Ohio 
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Metzger, William F. (C), President, H. O. 
Swoboda, Inc., P. O. Box 245, New 
Brighton, Pa. 

Meurer, P. G. (C), Superintendent, The 
Manitoba Bridge Iron Works, Winnipeg, 
Manitoba, Canada. 

Meybin, Robt, J. (A), Vice-President & 
General Manager, Virginia Bridge Co., 
Roanoke, Va 

Meyer, Amel R. (1D), Welder, General Plas- 
tics Inc.; (Res.) 27 Unionville Rd., Cheek- 
towaga, N. Y. 

Meyer, Arnold (C), Mech. Engineer, Heil 
Co.; (Res.) 1848 Rocky Point, Pewaukee, 
Wis. 

Meyer, Arthur (D), Rt. 
field, Calif. 

Meyer, C. G. (D), Welder J. & L. Steel Co.; 
878 Woodward Ave., Brooklyn, 


2, Box 68, Bakers- 


Meyer, Gilbert F. (B), Dist. Mgr., Machin- 
ery & Welder Corp., 515 E. Buffalo St., 
Milwaukee, Wis. 

Meyer, Michael L. (C), Foreman, York Ice 
Machinery Corp., Thomasville, Pa. 

Meyer, William (D), Welder, Pittsburgh 
Gravel Co.; (Res.) 267 Fourteenth St., 
Ambridge, Pa. 

Meyer, Wm. J. (D), Operator, Patterson 
Steel Co.; (Res.) 2647 E. Ist St., Tulsa, 
Okla. 

Meyers, A. M. (B), Chief Engineer, Kansas 
City Structural Steel Co., 21st & Metro- 
politan Ave., Kansas City, Kans. 

Meyers, G. A. (B), Salesman, Magnolia Airco 
Prods. Co., P. O. Box 319, Houston, Texas. 

Meyers, L. J. (C), Hull Inspector, Pittsburgh 
Steamship Co.; (Res.) 2019 E. 81 St., 
Chicago, Ill. 

Meyers, Phil. (D), Welder Foreman & Op- 
erator, Deep Rock Oil Corp.; (Res.) 1143 
E. Third St., Cushing, Okla. 

Meyerson, Milton E. (B), President, St. 
Louis Testing Laboratory, Inc., 2317 
Chouteau Ave., St. Louis, Mo. 

Michaels, E. E. (A), Manager, Birmingham 
Plant, Chicago Bridge & Iron Co., 50 N. 
50th St., Birmingham, Ala. 

Michel, Clarence H. (C), President, Mary- 
land Metal Bidg. Co., Race & McComas 
Sts., Baltimore, Md. 

Michel, H. A. (D), Goetz Brewing Co., St. 
Joseph, Mo. 

Middlestead, Chas. W. (C), Sales Engr., 
Federal Machine & Welder Co.; (Res.) 
773 Kenilworth 8S. E., Warren, Ohio. 

Middleton, R. J. (B), Asst. Chief Engr., 
C. M. St. P. & P. R. R., 898 Union Sta- 
tion, Chicago, Ill. 

Mideke, Joseph M. (C), Vice-President, 
Mideke Supply Co.; (Res.) 2505 N. W. 
19, Oklahoma City, Okla. 

Midnight, S. A. (C), Structural Designer, 
The American Shipblidg. Co.; (Res.) 
2226 Bunts Rd., Lakewood, Ohio. 

Mika, George (C), Superintendent, Ameri- 
can Steel Works, 1211 W. 27th, Kansas 
City, Mo. 

Mika, H. L. (C), Welding Foreman, Baldwin 
Locomotive Works, Standard Steel Div.; 
(Res.) 412 No. 13th St., Kansas City, 
Kans. 

Mikhalapov, George (B), Welding Engineer, 
Baldwin-Southwark Corp., Philadelphia, 
Pa. 

Mikkelsen, Niles (D), 
National Institute; 
St., Belleville, N. J 

Miklosi, Dr. Ing. Cornelius (C), Director, 
I. E. T. Electricity Supply and Tram, 
11 Piata Coronini, Timisoara, Romania. 

Mikulak, John (B), Mech. Engr., Electric 
Machinery Mfg. Co., 1331 Tyler St. N. E., 
Minneapolis, Minn. 

Milatz, Theodore M. (D), Combination 
Welder, Eastman Kodak Co.; (Res.) 
337 Bennington Drive, Rochester, N. Y. 

Millar, C. S. (C), % Ingalls Iron Works Co., 
720—4th Ave., Birmingham, Ala. 

Miller, Alexander (CC), District Engineer, 


American Inst. of Steel Const., 2120 NBC 
Bidg., Cleveland, Ohio. 


Student Welder, 
(Res.) 482 Jarolemon 


Miller, A. O. (B), President, The Petroleum 
Iron Works Co., Box 539, Sharon, Pa. 
Miller, B. M. (B), Salesman, Southern Oxy- 

gen Co., Arlington, Va. 

Miller, Cecil J. (C), 1816 N. Pennsylvania, 
Indianapolis, Ind. 

Miller, Crosby (C), Bridge Engineer, Chesa- 
peake & Ohio Ry. Co., Richmond, Va. 

Miller, C. P. (D), Welder, W. H. Hough 
Co.; (Res.) 912 Jefferson, Seminole, Okla. 

Miller, Clifford T. (C), Owner & Operator, 
Miller Equip. Co., 134 Opera Place, Cin- 
cinnati, Ohio. 

Miller, DaCosto (D), 
Reading R. R. Co.; 
St., Reading, Pa. 

Miller, David (D), Prop., Back Bay Welding 
Co., 678 Brookline Ave., Brookline, Mass. 

Miller, Earl W. (C), Operating Owner, 
Pioneer Auto Body & Welding Shop, 102 
Mason St., Charlevoix, Mich. 

Miller, Edward L. (D), Welder, Deleo Ap- 
pliance Co.; (Res.) 22 Dyson St., Roches- 
ter, N. ¥. 

Miller, Elmer L. (C), Chief Inspector, R. G. 
Le Tourneau, Inc.; (Res.) 200 E. Lake St., 
Peoria, Ill. 

Miller, Frank A. (B), Eng.-Insp. (Supervisor 
Welding Section), Dept. of Housing & 
Buildings, Municipal Bldg., Manhattan, 
New York, N. Y. 

Miller, F. “he (C), Stop 16'/:, Troy Road, 
Schenectady, N. Y. 

Miller, George J. (C), Foreman, York Ice 
Machinery Co.; (Res.) 527 N. Hartley 
St., York, Pa. 

Miller, Harry C. (D), Welding Foreman, 
The United Welding Co., Box No. 84, 
Trenton, Ohio. 

Miller, H. J. (D), Welder, Monsanto Chemi- 
cal Co.; (Res.) 10232 Lackland Road, 
Overland, Mo. 

Miller, Howard L. (A), Metallurgist, Re- 
public Steel Corp., Massillon, Ohio. 

Miller, J. D. (D), Welder Operator, Apex 
Machine & Mfg. Co.; (Res.) 113 8S. 
Denver, Tulsa, Okla. 

Miller, John S. (C), Supervisor of Welding, 
New York, New Haven & Hartford R. R., 
New Haven, Conn. 

Miller, Dr. John W. (B), Metallurgist, Reid- 
Avery Co., Chesapeake & Cleveland Aves., 
Dundalk, Md 

Miller, Mike A. (C), Physical Chemist, 
Aluminum Research Laboratories, New 
Kensington, Pa. 

Miller, Niels C. (B), Pres. & Treas., Miller 
Electric Mfg. Co., Inc., P. O. Box 151, 
Appleton, Wis. 

Miller, Oliver W. (C), Welder, Gulf Refinery; 
(Res.) 114 Ww. Laird St., Cleves, Ohio. 

Miller, Ralph E. (B), Machinery Editor, 
The Iron Ae; _ (Res.) 244 E. 86th St., 
New York, 

Miller, sti oO. (D), Welder, R. G. Le 
Tourneau, Inc.; (Res.) 612 W. Corrington, 
Peoria, Ill. 

Miller, Robert O. (C), Supt., 
Foundry & Machine Co., 
St., Emaus, Pa. 


Miller, Vern V. (C), Sales, Hobart Bros. Co., 
Troy, Ohio; (Res.) 2762 No. 53rd St., 
Milwaukee, Wis. 

Miller, Wilber B. (B), Research Metallurgist, 
Union Carbide & Carbon Research Labs., 
P. O. Box 580, Niagara Falls, N. Y. 

Millette, Millard M. (C), Res. Engineer, 
A. O. Smith Corp.; (Res.) Y. M. C. A., 
Milwaukee, Wis. 

Milligan, Paul (D), 
School of Welding; 
Ave., Elizabeth, N. J 

Milligan, Robert G. (C), Supervising Engi- 
neer, Ocean Accident & Guar: —~_" Corp. 
Ltd., 1 Park Ave., New York, 

Mills, Ellsworth L. | Vice-Pre ond The 
Bastian-Blessing 240 E. On- 
tario St., Chicago, Ill. 

Mills, Gordon (D), Welder, Ste. B. Karlston 
Apts., 537 Victor St., Winnipeg, Mani- 
toba, Canada. 


Electric Welder, 
(Res.) 1226 Locust 


Bethlehem 
3rd & Ridge 


Student, Industrial 
(Res.) 120 Madison 


THE WELDING JOURNAL 


Minehart, Glenn K. (( 
kinsburg, Pa. 

Mingotte, Eugene (B), 
sex Welding Co., 
Somerville, Mass. 

Minnotte, Charles F. (B), Assistant Ma 
Pacific Coast, H. H. Robertson 
Mills Building, San Francisco, Calii 

Minnotte, J. F. (B), Secretary- Tr is 
Minnotte Brothers Company, 12 01 Ho, 
Building, Pittsburgh, Pa. 

Misener, G. L. (C), Union Carbide ¢ 
Niagara Falls, N. Y 

Miser, Vernon (F), Air Corps. Training De. 
tachment, Box 2649, Tulsa, Okla. 

Misker, Francis (C), Welder, Consolidated 
Coal Co.; (Res.) 706 So. 21st St.. M; 
Vernon, Ill. 

Miskoe, W. I. (C), Manager, Lincoln Blec- 
tric Co., 307 E. State St., Peoria, II! 

Mitchell, Anthony J. (B), Class B Welde; 
Jeffrey Mfg. Co.; (Res.) 720 Thomas 
Ave., Columbus, Ohio. 

Mitchell, E. W. (C), Foreman, Rocheste; 
ge Elec. Co., 89 East Ave., Rocheste: 


>), 617 Hay St., wi 


Proprietor, Midd 


lle- 


58 Washington 


Mitchell, Fred E. (C), Engineer, M. \ 
Kellogg Co.; (Res.) 440 East 4th Ave. 
Roselle, N. J 

Mitchell, H. F. (D), Welder, Deleo Appliance 
ag (Res.) 72 Frances St., Rochester 

Mitchell, James (B), Director of Research 
and Technical Development, Stewarts 
and Lloyds Limited, Corby, Northants 
England. 

Mitchell, James R. (C), Foreman, Farre! 
Birmingham Co., 13 Parker St., Ansonia 
Conn, 

Mitchell, John A. (B), Vice-Pres. and Ger 
Mgr., Belmont Iron Works, 2215 Wash- 
ington Ave., Phila., Pa. 

Mitchell, Raymond S. (D), Welder, Pollak 
Mfg. Co. (Res.) 36 Stewart Ave., Arling- 
ton, N. J. 

Mivelaz, William A. (B), Salesman, Indus- 
trial Oxygen Co., 1377 So. 7th St., Louis- 
ville, Ky. 

Mochel, Norman L. (B), Manager, Metal- 
lurgical Engineering, Westinghouse Elec 
& Mfg. Co., Lester Branch P. O., Phila- 
delphia, Pa. 

Moebins, Jos. L. (D), Welder, Electric Ma- 
ae. Mfg. Co.; (Res.) 3242 Cleveland 
St., N. E., Minneapolis, Minn. 

Bg Howard (C), Inspector, Tulsa 
Boiler & Machinery Co.; (Res.) 1115 W 
16th Pl., Tulsa, Okla. 

ray Robt. F. (C), American Allsafe 
Cc “_) _ (Res.) 64 N. Harlem Road, Snyder 

Moir, G. H. (B), Instructor, Electr: 
Welding, Bayonne Tech. H. 8., 30th St.— 
Ave. A., Bayonne, N. J. 

Moisseiff, Leon S. (B), og ar Engineer 
99 Ws: all St., New York, N. Y. 

Monahan, Joseph (B), oe Joseph 
Monahan Co., 351 Indiana Ave. N. W 
Grand Rapids, Mich. 

Monahan, Thomas (D), Welder, Charles 
town Navy Yard, Boston, Mass.; (Res 
13 Morse St., Watertown, Mass. 

Monroe, L. C. (C), Publisher, Welders 
Digest, 2228 E. 70th Place, Chicago, Ll. 

Monroe, R. P. (B), Sales Engr., Hollup Cor; 
3357 W. 47th Place, Chicago, Ll. 

Montgomery, J. A. (D), Chief Draftsma! 
Patterson Steel Co.; (Res.) 3523 E. Has 
kell, Tulsa, Okla. 

Moody, Chas. G. (B), Draftsman, Mass 
Inst. of Tech.; (Res.) 21 E. 62nd ®t 
New York, N. Y. 

Moody, Chester S. (C), Metallurgical Er 
neer, Northwest Engineering Co. , 1123 5 
Van Buren, Green Bay, Wis. 

Moon, Walter W. (C), Welding Director, 
Welding Training Institute; (Res.) 1-9 
Weaver Ave., Bloomfield, N. J. 

John A. (B), Treasurer, New 
land Gas Products Inc., 27 West 
Charlestown, Mass. 
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neer 


Teacher, Brooklyn 


Mooney, Ralph B. (C 
High School of Automotive Trade; (Res.) 
1207 Virginia — New York, N. 


Moore, Albert R. (C), Asst. Supt., Federal 
Machine & Welder Co., Warren, Ohio. 
Moore, Alfred M. (D), Electric Welder, 


Bethlehem Shipbldg. Corp., 
Quincy, Mass. 
Moore, Billy (F), 
College; (Res.) < 

Moore, Clarence H. (C), 
Iron & Steel Co.; 
Jacksonville, Fl. 

Moore, Gladstone (D), 
Semet Solovay Engrg. Co.; 
Box 199, Stoneville, N. C 

Moore, J. R. (B), Vice-President & General 
Manager, The Capital Iron Works Co., 
7th & Adams Sts., Topeka, Kans. 

Moore, L. M. (B), Supt., 


14 Pope St., 


Student, Okla. 
324 West St., 


A. & M. 


Stillwater, 


Treasurer, Aetna 
(Res.) 2130 Laura St., 


Electric Welder, 
(Res.) Rt. 2, 


Otis Elevator Co., 


First St., Harrison, N. J 
Moore, O. F. (C), Engineer, M. & W. 
Minneapolis St. Rwy. Co., 1 8. 11 St., 


Minneapolis, Minn. 

Moore, R. Taylor (C), Sales Rep., 
Iron & R. R. Co.; 
Chattanooga, Tenn. 

Moore, Samuel (C), Welding Dept. Foreman, 
Aiton & Co. Ltd.; (Res.) 63 Otter St., 
Strutts Park, Derby, England. 

Moore, W. P. (D), Electric Welder, Cole- 
man Lamp & Stove Co.; (Res.) 575 
Hendryx Ave., Wichita, Kans. 

Morales, Ralph A. (D), Welder Foreman, 
Panama Canal, Municipal Engrg. Division; 

Res.) Box 317, Pedro Miguel, C. Z. 

Morales, Robert J. (D), Superintendent, 
_Welding Se rvice Co., 206 W. 
60th St., New York, N. 

Moran, Gee. (D), Welder, Tide Water Oil 
Co.; (Res.) 317 Ave. B, Bayonne, N. J 
Moran, Robert (B), Welding Supervisor, 
Missouri Pacific Railway, Missouri Pacific 

Bidg., 13th & Olive, St. Louis, Mo. 

Morehead, F. H. (B), Vice-President, Engi- 
neering, Walworth Company, Inc., 60 
East 42nd St., New York, N. Y. 

Moreland, Banks (C), Steel Plate Construc- 
tion, Banks Moreland Company, P. O. 
Box 1764, Houston, Texas. 

Morenus, Denzil (D), Welder, General Elec- 
tric Co., R. D. 7, Sunnyside Rd., Schenec- 
tady, N. Y. 

Morgan, Clifford E. (C), Supt. of Work 
Equip. and Welding, C. M. St. P. & P. 
R. R., 898 Union Station, Chicago, II. 

Morgan, Gus (C), Welder, Tulsa Boiler 
Machinery Co.; (Res.) 3224 E. Archer, 
Tulsa, Okla. 

Morgan, G. H. (B), Welding Contractor, 
Service Electric Welding Co., 305 E. 
llth St., Tacoma, Wash. 

Morgan, J. (C), Groissier & 

tes.) 148 W: ~ St., Brookline, Mass. 

Morgan, Lester ((), Salesman, Puritan Com- 
pressed Gas Corp., 2012 Grand Ave., 
Kansas C ity, Mo. 

Morgan, Nathan W. (C), Highway Bridge 
Engineer, Public Roads Administration, 
Washington, 

Morgan, T. W. (C), Welding Supervisor, 
Chicago Surface Lines; (Res.) 1426 E. 
65th St., Chicago, 

Morgan, W. Trefor (B), Chief Metallurgist, 


T aylor Instrument ¥; ompanies, 95 Ames 
St., Rochester, N. 

Morrill, Guy L. (B), Manager, Mid West 
Piping & Supply Co., 520 Anderson St., 
Los Ange le ~s, Calif. 

Morrill, John R. (C), Sales Engineer, The 
Lincoln Electric Co., 12818 Coit Road, 
Cleveland, Ohio. 

Morrin, J. W. (C), Prop., Somerset Welding 
& Spring Co.: Res.) 210 W. Patriot, 
Somerset, Pa. 

— Alan (B), Chief Metallurgist, Bridge- 

ort Brass Co., Bridgeport, Conn. 

Morris, A. P. (D), Welding Business, New 


England Welding Lab., 88 St. Stephen St., 
Boston. Mass. 


Tenn. Coal 
(Res.) P. O. Box 827, 


Shlagler; 


1940 


Morris, Edward D. (C), Welding Engineer, 
The Linde Air Products Co., 230 N. Michi- 
gan Ave., Chicago, II. 

Morris, Ernest J. (D), Welder, Pas Lumber 
Co.; (Res.) Reserve Sask., Canada 

Morris, Geo. R. (C), Operator, 9841 San 
Leandro St., Oakland, Cal 

Morris, Ned (C), Sales Engineer, The Alumi- 
num Co. of America, 605 Southern Bldg., 
Washington, D. C 

Morris, T. C. (B), Manager of Engineering, 
The Solvay Process Co., Nitrogen Divi- 
sion, Hopewe all, Ve a. 

Morrison, Ralph M. (C), Supt. Buffalo Tank 
Corp; (Res.) 201 Long Ave., Hamburg, 


Air Reduction 
P. O. Box 333, Elizabeth, 


Morton, F. J. (C), Sales Dept., 
Sales Co.: (Res. 


Moses, A. J. (A), Gen. Mer 
Weidner Div., 
Co., Ine., 
Tenn. 

Mosher, Leland C. (D), Owner and Manager 
Mosher Garage, Cattaraugus, N. Y. 

Mosier, E. L. (C), Steel Tank Construc- 
tion, Chicago Bridge & Iron Co.; (Res.) 
R. D. 1, Oswegatchie, N. Y 

Mosley, A. nae (D), 26 Henry Ave., Pali- 
sade Park, N. 

Moss, ‘i. (B), Engineer, Dev. 
Dept., The Linde Air Products Co., 686 
Frelinghuysen Ave., Newark, N. J 

Moss, N. F. (C), Welding Supt., 
Electric Corp.; (Res.) 7508 
St. Louis, Mo. 

Mossholder, Meredith G. (C), 
Okla. City Machine Works, 1633 West 
Main St., Oklahoma City, Okla. 

Motyke, Stanley (ID), Student Welder, Na- 
tional Institute; (Res.) 89 Hawkins St., 
Newark, N. J. 

Moul, Raymond H. (D), 
Farquhar C Oo. 
Ave., York, 


Albert W. (A), Vice-President, 
gg 260 W. Exchange 
St., Providence, R. 

Theodore (C), Elee. Engineer, 
U. S. Navy Yard, Box 224, College Park, 
Md. 

Mower, Dexter (B), Teacher, Mechanic Arts 
High School; Res.) Box 340, Sharon, 
Mass. 

Moxley, T. R. (C), Master Mechanic, Wheel- 
ing Steel Corp., Steubenville, Ohio. 

Moynahan, George B. (B), General Publicity 
Dept., The Oxweld Railroad Service Co., 
230 North Michigan Ave., Chicago, IIl. 

Muckleroy, J. M. (D), Salesman, United 
Welding Supply Co., 3118 Harrisburg 
Blvd Houston. Texas. 

Mueller, A. E. (B), Master 
Tonaw: “<3 Iron Corp., 
awanda, 


Mueller, aes C. (C), For 
Friestedt Co.: (Res. 
Chicago, Il. 


Mueller, Rudd O. (C 


Hedges-Walsh- 
( ‘ombustion Engineering 
1032 W. Main St., Chattanooga, 


Wagner 
Wayne, 


Partner, 


Are Welding, A. B. 
(Res.) 248 S. Pershing 


Mechanic, 


River Road, Ton- 


eman, Cullen 
$301 Potomac Ave. 


, Salesman, Air Reduc- 


tion Sales Co.; tes.) 3016 N. Farwell 
Ave., Milwaukee, Wis. 
Muir, Jas. H. (C), District Manager, Taylor- 


Winfield Corp., 230 Park Ave., New 
York, N. 

Mullane, = Ww. C), Steel-Car Shop Foreman, 
ie ilroad, Omaha Shops, 4733 So. 
13th St.. Neb. 

Mullane, Leo T. (B), Welding Supervisor, 
Diebold Safe & Lock Co.; (Res 2621 
Clyde, 8. W., Canton, Ohio. 

Muller, Jules (B), 10743 S. Wood St., Chi- 
cago, Lil. 

Mullin, Alfred N. (B), President, Islands 
Welding & Supply Co. Ltd., P. O. Box 
94, Honolh ilu, T. H 

Mungovan, Thos. J. (B), Pres., 

chinery Corp., 


Vanott Ma- 
216 Colgate Ave., Buffalo, 


Munro, Wm. (D), 535 E. 102nd St., Chicago, 
Ill. 


ALPHABETICAL LIST OF MEMBERS 


eememte, George E. (C), Chief Engineer 
agara Machine =< Tool Works, 683 
Northland Ave., Buffalo, N. ¥ 

Murcell, U. C. (B), Presi lent and General 
Manager, U. C. Murcell, Ine., 5701 E 
Leneve St . Los Angeles C alif 

Murphey, H. Bruce ((), Dist. Sales Manager, 
Ch cago Bridge «& Iron Co Pr wtornan 
Bldg., Dallas, Texas. 

Murphy, C. (D), 14524 Wallace St., 
dale Station, Chicago, Ill 

Murphy, Charles P. ((), Assoc. Naval Archi- 
tect, Bureau of Marine Insp & Naviga- 
tion: (Res.) 4501 Iowa Ave., Washington. 
D. C. 

Murphy, J. i (B), Engr The Linde Air 
Products Co., 30 E. 42nd St.. New York. 

Murphy, W. E. (B),. Manager, Power Sales 
Dept., Northern States Power Co., Min- 
neapolis, Minn 

Murray, Edw. M. (CC Master Mechanic, 
Cincinnati Gas & Elect. Co.; Res.) 
Miami Ave., Columbia Park, Ohio 

Murray, James F. (B), Supt., Ross Heater & 
Mfg. Co., 1407 West Ave Suffalo, N. Y 

Murray, James G. (C), Draftsman, Panama 
Canal, P. O. Box 623, D ablo Hote c.g 

Murray, J. J. (B), Gen. Supt., Heltzel Steel 
Form & Iron Co., Warren, Ohio 

Murray, Stephen W. G. (ID), Electric Are 
Welder, Navy Yard; (Res.) 12 Mousam 
St., Sanford, Maine. 

Murrell, Eric H. (B), Chief Inspector, 
United Engineers & Constructors, Ine., 
1401 Arch St., Philadelphia, Pa 

Murry, John W. (D), Welder, Penna. Water 
& Power Co.; (Res.) Conestoga, Lancaster 
0., Pa. 

Mursch, Alfred (ID), Welder, Gas & Electric, 
Jaunty Silk Co.; (Res.) 929 Willow St., 
Scranton, Pa. 

Murta, Clarence (1D), Are Welder, 
Harris Co., Alexander, N. Y 

Myck, Welder 
Brooklyn, a 

Myhre, L. aap >), Manager of Mfg., West- 
inghouse Anca Co., 21-16—43rd Ave., 
Long Island City, N. Y. 

Myron, Paul (C), Designer, Una Welding 
Inc., 1615 Collainer Ave., Cleveland, Ohio 


River- 


Massey 


268—S9th St.. 


N 
Nadeau, George (ID), Electric Welder, Navy 
Yard; (Res.) 21 Essex St Cambridge 
Mass. 
Naegele, W. R. (D), Operator, Kirk & 


Blum Mfg. Co.: Res 1952 Sterling 
Ave N. College Hill, Cincinnat Ohio 
Naes, Birger (C Assistant Marine Engi 


neer, Supervisor of Shipbuilding l S 


Navy; (Res.) 6902 Ridge Blvd., Brooklyn, 
N. Y. 
Naglemeyer, Edward (1)), Welder, 1051 


West Side Ave., Jersey City, N. J 

Nagy, Joseph (1D), Student Welder, National 
Institute: (Res.) 54 Morton St., Newark 
N. J. 

Nardiello, M. V. (B), Director, Toledo Test 
ing Lab., 1810 No. 12th St., Toledo, Ohio 

Nation, Robt. B. (B Manager 
Office, Internationa Nickel Co.; 915 
Shoreham Bldg., Washington, D. C 

Naylor, C. Craig (C), Welder & Instructor 
Naylor & Goetze; Res 2141 Derry St 
Harrisburg, Pa 

Neal, Earnest C. (1D), Maintenance of Way 
Welder, L « N R.R Lebanon Junction 
Ky. 

Neal, Frank C., Jr. (C), Application Engineer 
General Electr Co I 
Schenectady, 

Neary, T. Arthur (1D). Welder, Bethlehem 
Steel Co., Boston, Mass Res 1S Saint 
Mary's St., Malden, Mass 


Res 120 12th St., 


mes, R. S. (D), 2812 Neeld Ave., Pitts- 
bur gh, Pa. 

Neely, Arthur C. (1D), Supt. Field Mechs anical 
Equip. Lihue Plantation Co., Lihue- 


Kauai, T. H. 
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Neet, J. G. (B), Salesman, The Linde Ai: 
Products Co., National Bank of Tulsa 
Bidg., Tulsa, Okla. 

Neill, N. R. (DD), Welder, Marshall! Field & 
Co.; (Res.) 7605 So. Union Ave., Chicago, 
Ill. 

Neitzel, H.C. (C),Supt., Whitehead & Kales 
Co., 58 Haltiner, Detroit, Mich. 

Nel, Gert Jacobus (B), % Chief Engineer, 
South African Railways & Harbours, 
Sta. Bldgs., Pretoria, South Africa. 

Nellans, H. M. (C), Ethyl Treater, Vickers 
Petroleum Co., Potwin, Kans. 

Nelson, Charles S. (1D), Welder, Mid-Conti- 
nent Petroleum Corp.: (Res.) 425 8. 
58 West Ave., Tulsa, Okla. 

Nelson, Fred (C), Welding Supervisor, 
Southern Calif. Gas Co., 11131 Pine St., 
Lynwood, Calif. 

Nelson, Geo. H. (D), Welder, Elect. Mach. 
Mfg. Co.; (Res.) 3641 42nd Ave. So., 
Minneapolis, Minn. 

Nelson, Geo. P. (B), Ch. Eng., L. A. Young 
Spring & Wire Corp., 9200 Russell St., 
Detroit, Mich 

Nelson, J. (C), Foreman, Wyatt Metal & 
Boiler Works, P. O. Box 3052, Houston, 
Texas. 

Nelson, John (B), Vice-President, Butler 
Manufacturing Co., 900—6th Ave. 8. E., 
Minneapolis, Minn. 

Nelson, John T. (C), Asst. Sales Mgr., Air 
Reduction Sales Co., 3623 East Marginal 
Way, Seattle, Wash. 

Nelson, Julius (D), Welder, U. 8. Engineers, 
Rio Vista, Calif. 

Nelson, Paul Geo. (D), Lab. Asst., Met. 
Lab., South Div. Republic Steel Corp.; 
(Res.) 519 Green Ave., 8. W., Massillon, 
Ohio. 

Nelson, T. Holland (B), T. Holland Nelson 
Research Laboratories, Springmill Road, 
Villanova, Pa. 

Nelson, T. H., Jr. (C), Sales, Arcos Corp.; 
(Res.) 156 W. King St., Malvern, Pa. 

Nemecek, A. A. (D), Supervisor-Cutter, 
Butler Mfg. Co.; (Res.) 4505 Wovnall 
Rd., Kansas City, Mo 

Nesbitt, William S. (C), Plant Mer., Chicago 
Bridge & Iron Co., Greenville, Pa. 

Netchvolodoff, V. V. (C), Sales Engineer, 
Hill Equipment Engineering Co., 4135 
Gratiot St., St. Louis, Mo. 

Netherwood, Joseph S. (C), Asst. Supt. 
Motive Power & Equipment, Southern 
Pacific Lines, 913 Franklin Ave., Houston, 
Texas. 

Neuhauser, Ralph A. (1D), 219 N. Queen St., 
Lancaster, Pa. 

Neumann, Dr. A. J. (C), Antare, Inec., 2036 
E. 22nd St., Cleveland, Ohio. 

Neumann, Othon G. (C), Representative & 
Distr. Mgr., The Bastian Blessing Co., 
Chicago, Ill.; (Res.) (P. O. Box) Apartado 
139, Mexico, D. F., Mexico. 


Neville, Julian (1D), Steel Shop Foreman, 
Link Belt Co., 1116 Murphy Ave., Atlanta, 
Ga. 

Nevin, K. S. (B), Secy.-Treas., Railway and 
Industrial Engineering Co., P. O. Box 98, 
Greensburg, Pa. 

Nevius, John (D), Sales Student, Lincoln 
Electric Co., 600 E. 41st St., Chicago, 
Ill. 


Newby, Howard L. (C), Consulting Engineer, 
1210 Pine St., South Pasadena, Calif. 

Newell, H. D. (B), Chief Metallurgist, The 
Babcock & Wilcox Tube Co., Beaver 
Falls, Pa. 

Newhall, M. H. (C), Chief Draftsman, 
J. B. Klein Iron & Fdy. Co., 1401 N. 
W. 3rd St., Oklahoma City, Okla. 

Newman, Clarence A. (C), Welding Engr., 
Ford Motor Co.; (Res.) 9950 Memorial 
Ave., Detroit, Mich. 

Newman, Henry (1D), Student Welder, Na- 
tional Institute; (Res.) 80 Stevens Ave., 
Little Falls, N. J. 


Newton, B. E. (C), Welding Insp., Raymond 
G. Osborne Lab., Rieves Strong Bldg., 
Los Angeles, Calif. 
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Newton, G. H. (B), Operating Manager, 
Graver Tank & Mfg. Corp., East Chicago, 
Ind. 

Newton, Robert (B). District Manager, The 
Lincoln Electric Co., 2101 N. E. Kennedy 

t., Minneapolis, Minn. 

Niblack, J. D. (D), Operator, Oklahoma Gas 
& Electric Co.; (Res.) 1917 N. W. 28th, 
Oklahoma City, Okla. 

Niccolls, a S. (B), Dicatinny Arsenal, 
Dover, 

Nichols, C. R. (C), Civil & Mech. “Or” 
The Cleveland Electric Illuminating Co. 
75 Public Square, Cleveland, Ohio. 

Nichols, Leonard E. (C), Chief Welding 
Engineer, National Electric Welding Ma- 
chines Co., 6-255 General Motors Bldg., 
Detroit, Mich. 

Nickell, K. V. (C), Salesman, Air Reducton 
Sales Co., Birmingham, Ala. 

Nickerson, J. F. (C), President, Nickerson & 
Collins Co., 435 N. Waller Ave., Chicago, 
Ill. 

Nickum, William. C. (B), Naval Architect 
W. C. Nickum & Sons, 400 Polson Build- 
ing, Seattle, Wash. 

Niebanck, Richard J. (C), Plant Engineer, 
_ Carbide Corp., Box 97, Ivanhoe, 

a. 

Nielsen, C. P. (C), Manager. Mid-States 
Equipment Co., 2137 S. Wabash Ave., 
Chicago, 

Nieme, T. J. (D), X-Ray Technician, Foster 
Wheeler Corp.; (Res.) 32 Water St., So. 
River, N. J. 

Nigh, G. W. (B), Asst. Mech. Supt., Tide- 
water Assoc. Oil Co., Bayonne, N. J. 

Nigriny, Victor (D), Welder, General Elec- 
tric Co.; (Res.) 1101 Willett St., Sche- 
nectady, N. Y. 

Nihlen, Arvid (C), 1270—6th Ave., Rm. 3103, 
New York, N. Y. 

Nishimura, Kenichi (ID), Welder, Honolulu 
Plantation Co., Aiea, Oahu, T. H 

Nisky, B. John (D), 826 E. Henry St., Lin- 
den, N. J. 

Noakes, J. F. (C), Service Man, National 
Cylinder Gas Co., 2136—S85th St., North 
Bergen, N. J. 

Noe, Thomas P., Jr. (B), Asst. to Vice- 
President, Carolina Steel & Iron Co., 
Greensboro, N. C. 

Noll, Paul E. (B), Contracting Engineer, 
Consolidated Steel Corp., Ltd., Box 1348 
Arcade Sta., Los Angeles, Calif. 

Noonan, Thos. J. (B), Asst. Supt., East 
Ohio Gas Co., Foot of E. 62nd St., Cleve- 
land, Ohio. 

Noppert, John (PD), Boilermaker, Columbia 
Power Plant; (Res.) Ist St., Addyston, 
Ohio. 

Nordahl, Noble (CC), Field Supt., Okla. 
Natural Gas Co.; (Res.) Box 987, Okla- 
homa City, Okla. 

Norris, Edward W. (C), Mechanical Engi- 
neer, Stone & Webster Eng. Corp., 
49 Federal St., Boston, Mass. 

Northcutt, B. D. (D), Operator, Okla. Natu- 
ral Gas Co.; (Res.) Rt. 8 Box 58, Okla- 
homa City, Okla. 

Northcutt, Harold W. (B), Supt. of New Con- 
struction, Bethlehem Steel Co., Shipbuild- 
ing Div., Mariners Harbor, Staten Island, 
N. Y. 

Norton, Peter J. (C), Boilermaker, & Weld- 
ing Foreman, Monsanto Chemical Co.; 
(Res.) 7 Forest Circle, Winchester, Mass. 

Norton, Roy (C), Sales Engineer, Harnisch- 
feger Corp., 926 Farmers Bank Bldg., 
Pittsburgh, Pa. 

Noyes, Mason S. (€), Marine Engineer, 
Bureau of Ships, Navy Dept., 2147 Navy 
Building, Washington, D. C. 

Nutt, Buell W. (C), President, The Safety 
Equipment Service Co., 1228 St. Clair 
Ave., Cleveland, Ohio. 

Nystrom, Carl (D), Machinist, E. E. John- 
son, Inc.; (Res.) 640 No. Fairview Ave., 
St. Paul, Minn. 

Nystrom, K. F. (B), Mechanical Asst. to 
Chief Operating Officer, C. M. St. P. & P. 
Railroad Company, Milwaukee, Wis. 
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Nystrom, Karl T. (B), Asst. Mech Enging 
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ew York, N. Y 
Welder, 
(Res.) R. D. 2, James; ville 


G. (B), Director of W, ling 
Denver Public Schoo! 


tem; (Res.) 3011 Lafayette St., Denyo, 
Colo. 

Odell, Wray N. (D), Welder, South Pacifip 
R. R. Co.; (Res.) 710 E. Grove St. \ 


Sacramento, Calif. 


Occhsle S. John (C), President, Metalw: 
ne. 


delphia, Pa. 


Oehler, 


26th 


Railway A 


lishing Co., 
i. 


Alfred G. (B), 


& Hunting Park Ave., Phil ‘- 


Associate Edito, 
ge, Simmons-Boardman Py! 
30 Chureh St., New York 


Oehmig, Edward W. (C), Gen. Mgr. Appli- 


anc 


Div., 


Tenn. 
Oesterlein, W. (B), Chief Engineer, Har. 
nischfeger Corp., 4400 W. National Ave 


Milwaukee, 


Cavalier Corp., Chattanooga 


Wis. 


Ogden, Roland H. (C), President, Aladdiy 
Rod & Flux Mfg. Co.; (Res.) 927 Balla 


St. 8. E., 


Grand Rapids, Mich 


Ogilvie, Douglas (C), Welding Consultant 
Chas. W. Krieg Co., Inc.; (Res.) Chesi- 
nut Drive, 


O’Halloran, 


Engineer, 


Packanack Lake, N. J 
Thos. S. (C), Assoc. Mect 


Bur. of Ordnance—U. 8. Navy 


Dept., U. 8S. Naval Gun Factory, Wash 
Navy Yar 
St., Arlington, Va. 


O’Hara, Eric (C), 


d; (Res.) 313 No. Irving 


Sales Engineer, Cincir 


nati Gas & Electric Co., 4th & Main Sts 
Cincinnati, 


Ohlssen, W. C. (C), Plant Engr., Federa 


Ojima, J. 
r, 


nee 
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Factory, T« 
O’Laughlin, P. M. (C), Genl. Supt., Dra 


Corp.; 


Pa. 


Olcott, 


Shirley, Ole 


(C), Mech. & Welding Enyw- 


Ohio. 


Shipbuilding & Dry Dock Co., Kear 
N. J. 


chi Engrg. Works, Kan 
»kyo, Japan. 


(Res.) 1509 Vance Ave., Coraopolis 


Floyd B. (B), Member of | 


ott & Nichols, 220 Mills B! ig 


Washington, D. C. 


Oldman, Nelson E. (B), Secretary, Oldma 
Boiler Works, 32 Illinois St., Buffalo, N. } 


Olds, Milroy L. (C), Sales Student, Lin 


Electric 
E 


So. 


uclid, 


Co.; (Res.) 1952 Laurelhill D 


Ohio. 


Oliver, Frank J. (C), Machine Tool Edit 
The 


York, N. 


Olivo, W. L. 
Columbia Boiler Works; (Res.) Box 45. 
Denver Cit 


Olsen, L. B. 


woc 
Dr., Manitowoc, Wis. 

Olsen, Martin (C), Welder Elect. New \ 
Navy Yard; (Res.) 148 Magnolia Av 


Jersey City, 


Iron 


Ship! 


Age, 100 East 42nd St., New 
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y, Texas. 


(B), Welding Foreman, Manito- 
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N. J 


Olson, Herbert (D), Welder, Youngstow 
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Chicago, Il. 
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New York, 
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Rochester, 

O'Neill, John (D), Welding Operator, R G 
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(D), Electric Welder, U. > 
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‘Quinn, J. D. (D), Foreman, Welders, 

opi rmakers & Blacksmiths, Pan-Ameri- 
ean Ref. Co., P. O. Box 805, Texas City, 
Tex is 

O'Reilly, Eugene J. (C), Welder, Eastern 
Stee! Tank Co.; (Res.) 2471 Grand Ave., 
New York, N. 

O'Reilly, G. A. (C), Williams & Co., 901-37 
Penn Ave. N. 8., Pittsburgh, Pa. 

O’Rorke, Joseph (C), Welder, Eastman 
Kodak Co.; (Res.) 17 Belford Drive, 
Rochester, N. Y. 

O’Rourke, J. J. (C), General Electric Co., 
187 Spring St. N. W., Atlanta, Ga. 

Orr, C. M. (B), Engineer, Chicago Bridge & 
Iron Co., 1305 West 105th St., Chicago, 
Ill. 

Orso, M. P. (C), Boiler Maker Foreman & 
Welder, Oahu Railway & Land Co., 
Honolulu, H 

Osborne, M. J. (D), Welding Supervisor, 
Breese Brothers; (Res.) 206 Oak St., 
Cincinnati, Ohio. 

Osborne, William S. (C), Vocational Welding 
Instructor, Timken Voc. High School, 
Canton, Ohio; (Res.) 18 Ninth St. S. E., 
Massillon, Ohio. 

Osburn, E. R. (B), General Supt., Texas- 
New Mexico Pipe Line Co., Box 1860, 
Midland, Texas. 

Osmin, Basil (B), Welding Supervisor, 
United Engineers & Constructors Ince., 
P. O. Box 239, Newark, N. J. 

Osoliniec Edw. (D), Student Welder, Na- 
tional Institute; (Res.) 73 Ann St., New- 
ark, N. J 

Osterhous, C. S. (C), Salesman, Sutton 
Garten Co.; (Res.) 5313 Carrollton Ave., 
Indianapolis, Ind. 

Ostrom, Kurre Wilhelm (C), Welding Tech- 
nician, Arcos Corporation; (Res.) 213 
Glen Gary Drive, Manoa, Pa. 

Ovaska, Walter (D), App. Engrg., Air Reduc- 
tion Sales Co.; (Res.) 5 Artwill St., Milton, 
Mass. 

Overton, Lynn S. (D), 4979 N. 36th St., 
Milwaukee, Wis. 

Overstrud, Melvin (B), Vice-President & 
Supt., Pioneer Engrg. Works Inc., 1515 
Central Ave. N. E., Minneapolis, Minn. 

Owen, Earl V. (D), Welder, Deleo Appliance 
Corp.; (Res.) 458 Birr St., Rochester, 

Owen, F C. (B), Manager, Owen Electric 
Mfg. Co., Fayetteville, N. C 

Owen, J. C. (B), Sales Prom. Mer., The 
Bastian Blessing Co., 240 E. Ontario St., 
Chicago, Ill. 

Owens, C. R. (C), Welding Specialist, Gen- 
eral Electric Co., 807 Russ Bldg., San 
Francisco, Calif. 

Owens, J. W. (B), Dir. of Welding, 
banks Morse & Co., Beloit, Wis. 


Fair- 


P 


Paccioretti, John (ID), Student Welder, Na- 
tional Institute; (Res.) 7 E. Clifton Ave., 
Clifton, N. J. 

Page, F. A. (B), Supervising Engr., Indus- 
trial Accident Commission, State Bldg., 
toom 157, San Francisco, Calif. 

Pahmeyer, Fred O. (C), Works Mgr., Com- 
bustion Engineering Co., Heine Boiler 
Division, 5319 Shreve Ave., St. Louis, 

Palmer, H. (B), Asst. Master Mechanic, 
Consolidated Mining & Smelting Co. of 
Canada, Ltd., Trail, B. C., Canada. 

Palmer, John C., Jr. (C), Welding Inspector, 
York Safe & Lock Co.; (Res.) Brooks 
Hotel, York, Pa. 

Palmer, John W. (C), Asst. Naval Arch., 
Panama Canal Mech. Div.; (Res.) % 
L. M. Jones, P. O. Box 1154, Ancon, C. Z. 

Palmer, M. A. (C), Plant Supt., The Air 
Preheater Corp., Wellsville, N. Y 

Palmer, Robert (©), Machine & Elect. Super- 
visor, General Electric Co., 55 Balltown 
id., Schenectady, N. Y. 

Palmer, Robert ((), Asst. to Vice-Pres., 


Ingalls Iron Works Co., Birmingham, 
Alia, 
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Palmer, Walter (B), Manager, Eastern Div., 
Hollup Corp., 30 Church St., New York, 


Panian, Robert M. (C), Elect. Engr. Main- 
tenance Dept., Frigidaire Corp.; (Res.) 
238 Dover St., Dayton, Ohio. 

Pankratz, Peter G. (ID), Welding Operator, 


R. G. Le Tourneau, Inc.; (Res.) 107 Le 
Tourneau Court, Peoria, Ill. 

Paolina, A. G. (C), Welding Foreman, 
Cincinnati Milling Machine Co.; (Res.) 


3528 Madison Park Ave., Oakley, Cincin- 
nati, Ohio. 

Paque, E. J. (B), Chief Engineer, The Pollak 
Steel Co., 820 Temple Bar Bldg., Cin- 
cinnati, Ohio. 

Parker, J. H. (B), Sales Engineer, National 
Cylinder Gas Co., 1951 Bedford Rd., 
Columbus, Ohio. 

Parr, Maurice A. (ID), Welding Operator, 
5914 Monroe St., Bartonville, Ill 

Parsons, G. S. (B), Branch Megr., The Lin- 
coln Elect. Co., 812 Mateo St., Los Angeles, 
Calif. 

Parsons, John S. (C), Welding Engineer, 
The Stanley Works, New Britain, Conn. 
Parsons, Theodore D. (B), Genl. Foreman, 
United Shoe Machinery Corp., Elliott 

St., Beverly, Mass. 

Paschke, George H. (D), Welder, Fuel 
Economy Engrg. Co.; (Res.) Box 324, 
Bertha, Minn. 

Paschke, Paul (D), Welder, Chicago Rivet 
& Machine Co.; (Res.) 2700 Fletcher St., 
Chicago, Ill. 

Patnaude, Victor E. (C), Dist. Boiler Inspec- 
tor, State of Minnesota; (Res.) 1904 Nor- 
folk Ave., St. Paul, Minn. 

Patnik, Albert (1D), Welder, Lincoln Electric 
Co.; (Res.) 3248 Berkeley Rd., Cleveland 
Hts., Ohio. 

Paton, W. G. (B), Asst. to General Manager, 
The Austin Company, 16112 Euclid Ave., 
Cleveland, Ohio 

Patrick, A. K. (ID), Foreman, Welding King 
Plow Co.; (Res.) 365 Glenwood Ave. 8. E., 
Atlanta, Ga. 

Patterson, Cecil B. (C), Maintenance Fore- 
man (Shipyards), Western Pipe & Steel 
Co.; (Res.) 533 Park Way, South San 
Francisco, Calif. 

Patterson, C. T. (C), Met. Engr., The Solvay 
Process Co.; (Res.) 207 Parsons Drive, 
Syracuse, N. Y. 

Patterson, Donald W. (B), Dist. Mer., 
Federal Machine & Welder Co., 2010 Rand 
Bidg., Buffalo, N. Y. 

Patterson, Guy 
Piping & Supply Co.; (Res 
minster Ave., Alhambra, Calif 

Patterson, Harold A. (ID), Welder Foreman, 
A. T. &. 8. F. Ry. Shops; (Res.) 638—17th 
St., Richmond, Calif. 

Patterson, John (C), Asst. Welding Foreman, 
Standard Oil Co. of La., Baton Rouge, La 

Patterson, John H. (C), Managing Director, 
Are Manufacturing Co., Ltd., 52A Gold- 
hawk Road, London, W. 12, England 

Patterson, Parker W. (B), Vice-President, 
Patterson Steel Company, Box 2620, 
Tulsa, Okla. 

Patterson, Robert, Jr. (B), Engr. of Tests, 
Allegheny Steel Company, Brackenridge, 
Pa. 

Patterson, W. K. (G), Estimator, 
Dept., Crane Company, 321 E. 
Los Angeles, Calif. 

Patton, E. R. (B), Rep. International Nickel 


Shop Supt., Midwest 
604 West- 


Engrg. 
3rd St., 


Co., 915 Shoreham Bldg., Washington, 
D.C. 

Paul, Albert J. (C), Welder, Chicago Bridge 
& Iron Co., Hillside, N. J.; tes.) 147 


Gulf St., Milford, Conn. 

Paul, Caryl C. (B), Owner, Thomas J. Paul 
& Son; (Res.) 37-43 Flohr Ave., Buffalo, 
N. Y 


Paulson, Frank O. (C), Asst. Mechanical 


Engineer, Atlantic, Gulf & Pacifie Co.; 
(Res. 89 Glenwood Road, Ridgewood, 
N. J. 


Pawlowski, John A. (C), Welding Engr., 
A. O. Smith Corp.; (Res. 5282 No. Shore- 
land Ave., Milwaukee, Wis. 
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Payne, Burt H. (B), Gen. Meg Stulz- 
Sickles Co., 134 Lafayette St Newark, 
N. J 


Payne, Fred (1D), Welder, U. 8. Navy Yard; 
Res.) 1320 Georgia St., Box 461, Vallejo, 
Calif 

Payne, Leonard W. ((), Demonstrator, Air 
Reduction Sales Co.; Res 395 Union 
Ave., Belleville, N. J 

Payne, Spencer (1) 
Elect. Co.; Res 
Cleveland, Ohio 

Pearcy, Percy (1), Welder, Int 
Co.; (Res.) 1325 N 
apolis, Ind. 

Pearson, Raymond (CC 128 South 
Ave., Mount Vernon, N. ¥ 

Pearson, Roy W. (C), Engr., Taylor-Winfield 
Corp., Warren, Ohio 

Pearson, Wm. C. (B), Welding Specialist, 
Westinghouse Elec. & Mfg. Co., 20 N. 
Wacker Drive, Room 2040, Chicago, Ill 

Pecek, Frank, Jr. (ID), Welder, Lincoln Elec- 
tric Co.: (Res.) 11332 Miles Ave., Cleve- 
land, Ohio. 

Pederson, E. B. (C), District Supervisor, 
Air Reduction Sales Co., 1210 W. 69th St., 
Cleveland, Ohio. 

Pegram, W. A. (C), Engr. Midwest Piping 
& Supply Co.; (Res.) 520 8. Anderson St., 
Los Angeles, Calif. 

Peiffer, Fred L. (B), Supt., F. L 
Co., Inc., 1029 Lyell Ave 
N. Y 

Pelton, R. S. (C), Welding Engineer, General 
Electric Co., Works Lab., Bldg. 7, Sche- 
nectady, N. Y. 

Peluso, Fred (ID), Student Welder, National 
Institute; (Res.) 6 Hamilton PI., Clifton, 
N. J 


. Student Engr., Lincoln 
18114 Cornwall Rd., 


Harvester 
Tuxedo St., Indian- 


First 


Heughes «& 
Rochester, 


Pender, Warren (1)), Welder, 4647 N. Clark 
St.. Chicago, Il 

Pendlebury, Alan H. (C), Asst. to Works 
Manager, The M. W. Kellogg Co., P. O. 
Box 469, Jersey City, N. J. 

Penfold, Percy (©), 1620 Roscoe Ave., Chi 
cage, Ill. 

Penn, Henry (C), District Engineer, Ameri- 
can Institute of Steel Const. In 53 W 
Jackson Blvd., Chicago, Ill 

Pennewill, G. W. (C), Dist. Sales Mer 
National Cylinder Gas Company 1520 
So. Vandeventer Ave., St. Louis, Mo 

Pennington, H. A. ((), Welder, A. B. King 
& Co., 196 Chapel St., New Haven, Conn 

Penry, E. W. (JD), Welder, 
Dept., Kilbourne, Ohio 

Percy, Willard E. (C), Jr. Engr., Panama 
Canal, Mech. Div.; Box 209, Balboa, C. Z 

Perkins, Howard 
Welding & Equip. Co Port 
Texas 

Perreault, John B. (I) 
Ave., Garden City, L. L., N.Y 

Perry, Bernhard H. (B), Supt. Welding Di- 
vision, Hartford Electric Steel Corp., 540 
Flatbush Ave., Hartford, Conn 

Perry, Charles F. (C), Marine Eng: 
Marine Insp. & Nav., 1069-A, C« 
Bidg., Washington, D. C 

Perry, C. S. (C), Contract Welder, 607 
Ave., Horseheads, N 

Perry, John L., Jr. (C), Local Rep., Air Re 
duction Sales Co.; (Res.) 2823 Thornhill 
Road, Birmingham, Ala 

Persons, O. H. (C), Genl. Mer. of 
Edgcomb Steel Co., D. & Erie Aves, Phila 
delphia, Pa 

Persons, W. R. (C), District Manager, The 
Lincoln Elee Co Man hester B \ 
Pittsburgh Pa 

Pestana. Edward (1)), Welder, Oahu Sugar 
Co., P. O. Box 327, Waipahu, Oahu, T. H 

Pestrak, Walter (1)), Resistance Welding 
Mach. Tester, Federal Machine & Welder 
Co.; (Res.) 1305 Brighton Ave., Warren, 
Ohio 

Peterberns, Bernard (1)), 
St., Bronx, N. Y 

Peters, Lewis J. (1D), Electric & Acetylene 
Pipe Welder, Johnson Larsen Co Res 
1569 Harding, Detroit, Mich 
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Peters, V. (D), 11304 Florian Ave., Cleve- 
land, Ohio. 

Peterson, Alvin V. (B), Welding Supervisor, 
Electro-Motive Corp.: tes.) 4111 Ray- 
mond Ave., Congress Park, Il. 

Peterson, Carl (C), Salesman, 1057 Webster, 
Kansas City, Kans. 

Peterson, Clyde (ID), Student Welder, Na- 
tional Institute; (Res.) Bloomfield Ave., 
Pine Brook, N. J 

Peterson, M. E. (B), Works Megr., Clearing 
Machine Corp.; (Res.) 8153 Langley Ave., 
Chicago, 

Peto, Frank (C), Structural Engineer, Pan- 
ama Canal, adh 1493, Balboa, C. Z. 

Petrie, Geo. W. (C), Engr., Pittsburgh Pip- 
ing & Equip. Co., 43rd St. & A. V. R. R., 
Pittsburgh, Pa. 

Petrikin, Bruce (C), Dist. Mgr., Air Reduc- 
tion Sales Co.; (Res.) 1841 State St., 
Harrisburg, Pa. 

Petroskey E. C. (B), Sales Engr., Federal- 
American Cement & Tile Co.; (Res.) 
723—15th St. N. W., Washington, D. C. 

Petry, L. Wendell (C), Foreman Weld. 
Dept., Shartle Bros. Mach. Co.; (Res.) 
918 Delaware Ave., Middletown, Ohio. 

Petry, Walter W. (B), Supt. Maintenance, 
The Cincinnati Milling Machine Co.; 
(Res.) 25 Donald Ave., Pleasant Ridge, 
Cincinnati, Ohio. 

Petsch, Wallace (C), Chief Draftsman, Sun 
Oil Co., Mareus Hook Refinery, Marcus 
Hook, Pa. 

Petsche, R. A. (C), Chief Machinist, U. S. 
Navy, U.S.S. Medusa, % Postmaster, San 
Pedro, Calif. 

Pew, Arthur E. (B), Vice-President, Sun Oil 
Company, 1608 Walnut St., Philadelphia, 
Pa. 

Pfeiffer, C. L (B), Electric Engr., Western 
Electric Co.; (Res.) 316'/, N. Menard 
Ave., Chicago, Ill. 

Pfeil, A. Leslie (B), President, Universal 
Power Corp., 4300 Euclid Ave., Cleveland, 
Ohio. 

Pflasterer, Claude (CC), Asst. Engr. Metal- 
lurgist, Union Pacific Railroad Co., Omaha 
Shops, Omaha, Neb. 

Phaff, James (1D), Welder, Eastman Kodak 
Co.; (Res.) 937 Genesee St., Rochester, 

.¥. 


Phariss, Tom (IF), 813 W. 4th St., Stillwater, 
Okla. 


Phelps, Arthur H. (C), Sales Engr., Westing- 
house Elec. & Mfg. Co., 1 Montgomery 
St., San Francisco, Calif. 

Phelps, C. E. (D), Welder, Mid-Continent 
Pet. Corp., R. R. 8, Box 686 B, Tulsa, 
Okla 

Phelps, G. E. (C), Asst. Applied Engrg. 
Dept., Air Reduction Sales Co., 7991 Hart- 
wick St., Detroit, Mich. 

Phelps, W. D. (D), Electric Welder, % 
A. N. Roberts, Route 8, Box 463, Tulsa, 
Okla. 

Philleo, Rolland A. (C), Structural Designer, 
Bechtel-McCone-Parsons Corp., Los Ange- 
les; (Res.) R. D., Box 86, Azusa, Calif. 

Phillimore, Horace (D), Welder, Gaffney 
Welding Service Inc.; (Res.) 1301 Wash- 
ington St., Hoboken, N. J. 

Phillips, C. E. (C), Pres., C. E. Phillips & 
Co., 2750 Poplar St., Detroit, Mich. 

Phillips, Chas. J. (C), 645 E. 25th St., Balti- 
more, Md. 

Phillips, Donald (1D), Welder, York Ice 
Machinery Co., % A. T. Light, York, Pa. 

Phillips, Horace P. (C), Superintendent, 
Link Belt Co., Pacific Division, 400 Paul 
Ave., San Franci isco, Calif. 


Phillips, J. T. (B), Supt. Boiler Shop, Foster 
Wheeler Corp., Carteret, N. J. 

Phillips, Martin J. (C), Welder, Post Motor 
Repair Shop, Schofield Barracks, T. H. 
Picard, D. S., Jr. (B), Production Megr., 

Wyatt Metal & Boiler Works; (Res.) 
4416 Hanover St., Dallas, Texas. 
Pickarts, J. D. (C), Draftsman, Bechtel- 
McCone-Parsons Corporation; (Res.) 6239 
Hillandale Drive, Los Angeles, Calif. 
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Pierce, Harry W. (C Supery ines of Welding, 
New York Shipbldg. Corp., Camden, N. J. 

Pifer, Wm. (1D), Comb. Welder, Eastman 
Kodak Co.; tes.) 52 Dalkeith Road, 
Rochester, N. ¥ 

Pillsbury, Charles S. (C), Manager of Opera- 
tion, Chicago Bridge & Iron Company, 
1305 West 105th St., Chicago, Ill. 

Piltch, A. (C), Jr. Welding Engr., U. S. 
Naval Gun Factory; (Res.) 1445 Otis 
Place N. W., Washington, D. C. 

Pim, E. H. (B), Salesman, General Elec. 
Co., 1525 Exchange Bldg., Seattle, Wash. 

Pinckney, C. C. (C), President, Birmingham 
Boiler & Engineering Company, P. O. 
Box 2228, Birmingham, Ala. 

Pinczon, J. (B), Chantier De Penhoet, 
Saint Nazaire, Loire-Inferieure, France. 
Pine, Clyde (B), Chief Instructor in Welding, 
Isaac Delgado Central Trades School, 615 

City Park Avenue, New Orleans, La. 

Pingree, C. C. (B), Asst. Mgr., Whitmore 
Oxygen Co., 430 E. So. Temple St., Salt 
Lake City, Utah. 

Pino, George B. (C), Assoc. Naval Archi- 
tect, Brooklyn Navy Yard; (Res.) 820 
New York Ave., Brooklyn, N. Y. 

Pippel, Donald C. (CC), Vice-President & 
Engr., Allied Weld-Craft, Ine.; (Res.) 
1318 N. Gladstone Ave., Indianapolis, 
Ind. 

Pipper, Rolland G. (1D), Welder, Delco 
Remy Co.; (Res.) 2524 Lincoln St., An- 
derson, Ind. 

Pittman, E. W. (C), Chief Engr., The Pe- 
troleum Iron Works Co., Beaumont, 
Texas. 

Pitz, A. L. (B), Genl. Supt, Manitowoc 
Shipbldg. Co.; (Res.) 820 N. 12th St., 
Manitowoc, Wis. 

Place, George (B), Surveyor, American 
Bureau of Shipping; .+ 263 W. Pas- 
saic Ave., Rutherford, N. 

Place, J. W. (B), Pres., U. S. Gauge Co., 44 
Beaver St., New York, N. 

Place, Lee (D), Service Supervisor, Air 
Reduction Sales Co., 2949 N. W. Front 
Ave., Portland, Ore. 

Plaisted, Walter A. (1D), Oxy-Acetylene 
Welding Instructor, New England Weld- 
ing Laboratories, Inc., 88 St. Stephen St., 
Boston, Mass. 

Plane, John C. (C), Prop., Hobart Are 
Welding Equip. Co., 2118 N. Broadway, 
St. Louis, Mo. 

Planeta, Anthony (C), Engineer, Artistic 
Wire Products Co., 1233 St. George Ave., 
Linden, N. J. 

Plaskon, a (D), Welder, Tidewater Assoc. 
Oil Co.; (Res.) 56 East 5th St., Bayonne, 


Plinke, G. W. (B), Research Director, 
Henry Vogt Machine Co., Louisville, Ky. 

Plowright, R. J. Owen (B), Director & 
Works Megr., Plowright Bros. Co., Ltd., 
Chesterfield, Derbyshire, England. 

Pluckebaum, John C. (D), Weider, Louisville 
Electric Mfg. Co.; (Res.) 3609 Herman 
St., Louisville, Ky. 

Plum, Ira (D), Welding Operator, Frick Co. 
Inc.; (Res.) 46 W. Dalhgren St., Green- 
castle, Pa. 

Plumley, Stuart (B), Editor, Welders’ Di- 
gest, 302 Walnut St., Winnetka, Il. 

Plummer, Fred L. (B), Research Engineer, 
Hammond [ron Works, 602 Warren Bank 
& Trust Bldg., Warren, Pa. 

Poehlman, Wm. J. (C), Research Engr., 
A. O. Smith Corp.; (Res.) 2653 N. 18th 
St., Milwaukee, Wis. 

Pohorenec, John (C), Welding, Thompson 
Products Co.; (Res.) 12019 Wade Park, 
Cleveland, Ohio. 

Pollak, Stephen E. (D), 138 Lowell St., 
Carteret, N. J. 

Pollard, T. J. (C), Indust. Engr., Procter & 
Gamble, Kansas City, Kans. 

Pollock, William R. (D), Electric Welder, 
Norfolk Navy Yard; (Res.) 531 County 

t., Portsmouth, Va. 
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Pool, James M. (C), Owner. Lo 
Welding Works, 807 South Firs: 
Louisville, Ky. 

Pool, R. H. (B), Electric Supt., 7 
Steel Co., Youngstown, Ohio. 

Poole, A. C. (D), Operator, Patterso: = 
Co.; (Res.) 3146 E. Latimer, Tulsa. Ox), 

ony William L. (C), Assistant Sales M 
Air Reduction Sales Co., P. O. Box 
Birmingham, Ala. 

Porter, Arthur A. (ID), Elec. Welder, Electr. 
Machine Co.; (Res.) 4030—3rd St., N. E 
Minneapolis, Minn. 

Porter, F. N. (D), Welder, Servicema: Ap. 
plied Engrg. Dept., Air Reduction Sales 
Co.; (Res.) R. D. 1, Box 317, Wa 
Ohio 

Porter, J. Gordon (C), Sales Engr., Lineoly 
Electric Co. of Canada Ltd., 65 Bellwoods 
Ave., Toronto, Ont., Canada. 

Porter, J. S. (C), Sales Engr., % Westi 
house Elec. & Mfg. Co., 533 First Natior 
Bldg., Oklahoma City, Okla. 

Posey, W. W. (C), Pres., Lancaster [ron 
Works Inc., Box 239, Lancaster, Pa. 

Post, W. A. (B), Manager, Southern Divisio: 
The Linde Air Products Company, 100] 
13 South 22nd St., Birmingham, Ala. 

Poston, Claude P. (D), Welder, Electro- 
Motive Corp.; (Res.) 6203 So. Whipple 
St., Chicago, Ill. 

Potter, Everett T. (C), Welding Specialist 
General Electric Co.; (Res.) 32 Hazel- 
wood Terr., Pittsfield, Mass. 


ig- 


. Potter, Samuel (D), Welder, Rochester Gas 


& Electric; (Res.) 83 Bayeliff Dr., R 
ter, N. Y. 

Potvin, Alphonse (D), Student, Nationa 
Welding Institute; (Res.) Box 422, Dan- 
ville, N. J. 

Powell, Marselis (A), Superintendent, The 
Whitlock Manufacturing Co., Drawer 3% 
Hartford, Conn. 

Powell, R. E. (C), Welding Engineer, West- 
ern Electric Co. Inc., 100 Central Av 
Kearny, N. J. 


Powers, Ed. C. (C), Assistant Secretar 
The James F. Lincoln Are Welding | 
dation, 2700 Terminal Tewer, Cleveland 
Ohio. 

Powers, H. C. (C), Supervisor of Welding 
American Air Filter Co., 215 Central Ave 
Louisville, Ky. 

Powers, J. A. (C), 4855 W. Jefferson Blvd 
Los Angeles, Calif. 

Powers, James C., Jr. (C), Sales & Engrg 
Handy & Harmon, 425 Richmond 8t 
Providence, R. I. 


Powers, R. F. (B), Genl. Supt., Kewanee 
Boiler Corp., Kewanee, IIl. 

Praeger, E. H. (B), Chief Engineer, Madig: 
Hyland; (Res.) 66 Rugby Road, Brook- 
lyn, N. Y. 

Pratt, Howard N. (C), Asst. Manage: 
Columbia Steel Co., Russ Bldg., San 
Francisco, Calif. 

Prescott, Leonard P. ©), Electric Welder 
an Kodak Co.; (Res.) 455 Emerson 

, Rochester, N. 


Robert H. ( 
Okla. 

Price, Donald D. (D), Burner & Welder 
Bethlehem Steel Co.; (Res.) 1919: 
42nd Ave., Oakland, Calif. 

Price, H. D. (D), We ~> Mid-Continent 
Pet. Corp.; (Res.) 1523 N. Detroit, Tulsa, 
Okla. 

Price, Harold C. (B), President, H. C. Price 
Co., P. O. Box 149, Bartlesville, Okla. 
Price, Herman G. (C), Birmingham Tank 

Co., Birmingham, Ala. 

Price, Paul L. (C), Asst. to Exec. Vice- 
Pres., American Inst. of Steel Const., 10! 
Park Ave., New York, N. Y 

Priest, Benson B. (C), Designing Engineer. 
American he ag Co.; (Res.) 71 Broad 
way, New York, _Y. 

Priest, Chas. H., (C), Vice-Pres., Los 
Angeles Heavy Hardware Co., 210 N 
Los Angeles St., Los Angeles, Calif. 
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Priest, H. M. (B), Engmeer, Railroad Re- 

search Bureau U. S. Steel Corp. Sub- 
ries, 612 Frick Bldg., Pittsburgh, Pa. 
Welder, Cleveland 
14110 Lorain 


Priest, Vernon C. (D), 
Welding Company; (Res.) 
\ Cleveland, Ohio 

Prime, Arthur E. (D), Operator, Brooks, 
Mai: 


Pryor, J. F. (B), Vice-President, Magnolia 
‘Ain Gas ts Company, P. O. Box 
319, Houston, Texas. 

Pufahl, Hans R. (C), 2 Laurel St., Rye, 
Wests hester Co., N. 

Puffer, Harold P. (C), Squad Leader Bridge 
Div., Michigan State Highway Dept.; 

Res.) 1419 W. Ottawa St., Lansing, Mich. 

Pugh, Guy L. (B), Mer., Franklin Trans- 

rmer Mfg. Co., 607—22d Ave. N. E., 
M nneapolis, Minn. 

Pullen, K. G. (C), Mech. Engr., Broken Hill 
Prop. Co., Ltd., Iron & Steel Works, New- 
castle, Australia. 

Purcell, John P. (C), Inspector, Standard Oil 
Co. of Calif., El Segundo, Calif. 

Purdy, Charlton V. (C), Welder, Wyoma 
Welding Co., 65 Boston St., Lynn, Mass. 
Purdy, John L. (C), Inspector, Buckeye 
Steel Castings Co.; (Res.) 1333 West 

First Ave., Columbus, Ohio. 

Pursell, Robt. T. (C), Welding Supervisor, 
Worthington Pump & Machinery Corp.; 
Res.) 11 Park Place, Bloomfield, N 

Purslow, Herbert (B), Director & Engr., 
St. George's Engrs. Ltd.; (Res.) Langside, 
Priory Road, Sale, Nr. Manchester, Eng- 
land. 

Pustolka, Michael C. (D), Welder, American 
Locomotive Co.; (Res.) 3025 Cox Ave., 
Schenectady, N. Y. 

Pynn, J. Garland (D), Operator, Madison 
Co. Dept. of Highways, Wampsville, N. Y. 

Pytel, Frank (DD), Operator of Kiln, 
National Lead Co., Box 6, South River, 
N. J. 


Q 


Quartz, Herbert O. (C), Welding Engineer, 
Allis-Chalmers Mfg. Co.; (Res.) 1518 So. 
81 St., West Allis, Wis. 

Quasdorf, H. C. (C), Salesman, Carnegie 
“g Steel Corp., 71 Broadway, New York, 
N. Y. 


Quasebarth, Norman A. (C), Prop. of Steel 
Fabrication Shop, Atlas Machine & Iron 
na 1318 Half St. S. E., Washington, 
». C. 

Quinn, Edward L. (B), Manager Welding 
Products Division, American Manganese 
Steel, 389 E. 14th, Chicago Heights, III. 
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Raab, Carl (C), Part Owner, Expert Welding 
Machine Company, 17144 Mt. Elliott 
Ave., Detroit, Mich. 

Raab, Charles F. (C), Shop Supt., Battelle 
Memorial Inst., 505 King Ave., Columbus, 
Ohio. 

Rabbitt, James A. (B), Director of Bureau, 
Japan Nickel Information Bureau, Shisei 
Kaikan, Hibiya Park, Tokyo, Japan. 

Rabenau, Frank (B), Asst. Supt., William 
Bros. Boiler Mfg. Co.; (Res.) 1206 Jef- 
ferson St. N. E., Minneapolis, Minn. 

Radcliffe, Thos. D. (C), Met. Engr., Standard 
Oil Co. of Calif.; (Res.) The Fairfax, 
4614 Fifth Ave., Pittsburgh, Pa. 

Rader, W. E. (C), Gen. Supt. of Lines, The 
Cleveland Electric Illuminating Co., 75 
Public Square, Cle eggs Ohio. 

Radway, Lawrie C. , Development Engr, 
of Welding Rod Die Ampco Metal Ine., 
3830 W. Burnham St., Milwaukee, Wis. 

Raeburn, James (B), Supt. Tank Shop, 
Glascote Prods. Inc.; (Res.) 20900 St. 
Clair Ave., Cleveland, Ohio. 

Raftery, T. E. (C), Salesman, The Linde Air 
Products Co., 709 Melish Ave., Cincin- 
nati, Ohio. 

Rahtz, Arthur (C), Plant Manager, Vulcan 
a & Construction Co., 59-14—54th 

, Maspeth, L. I., N. Y. 
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Rainar, Thomas (B), Supervisor, Armstrong 
Cork Co., 817 E. Orange St., Lancaste Pa 

Raitt, George H. (B), Mer. & Vic Pres 
The Steel Tank & Pipe Comp al y of Cali- 
fornia, 1100 Fourth St., Berkeley, Calif 

Ralston, R. W. (D), Erection Supt Wyatt 
Metal & Boiler Works Box 3052, Houston 
Texas 

Ramer, Edward ma Designing Engineer, 
N. Y. State Public Works: 
41 St., Albany, N. Y. 

Ramsey, Clarence A. (B), Ch. Electrician, 
General Fireproofing Co., Dennick Ave., 
Youngstown, Ohio. 

Rand, Warren W. (C), Electric Welder, 
Babcock & Wilcox Co.: tes.) 121 Han- 
cock St., Sommerville, Mass 

Randall, John F. (B), Welding Engr., Com- 
bustion Engrg. Co., 200 Madison Ave., 
New York, “ 

Raney, J. E. (C), Sales Engr., Lincoln Elect. 
Co., 150 ieee St., Rm. 305, Boston, 
Mass. 

Ranney, M. E. (D), Welding Operator, Elec- 
tric Machine Mfg. Co.; Res 2745 
Ewing Ave. No., Minneapolis, Minn. 

Rash, W. C. (D), Are Welder, Baldwin 
Locomotive Works: (Res 525 West 
Springfield Rd., Springfield, Delaware Co. 
Pa. 

Rasienski, Stanley (ID), Welder, 244 Fulton 
‘t., Elizabeth, N. J 

Rasmussen, Major A. C. (C), Cincinnati 
Ordnance Dist., War Dept., 831 Enquirer 
Bldg., Cincinnati, Ohio. 

Ratzburg, Paul (1D), Welder, Nu-Way 
Welder; (Res.) 127 Cambridge St., Allston, 
Mass. 

Rauter, Alfred C. (C), Engineer, A. O. 
Smith Corp.: (Res.) 2957 North 45th St., 
Milwaukee, Wis. 

Rawlings, Gale F. (1D), Welder, Interna- 
tional Harvester Co.: (Res.) 99 No. Rit- 
ter, Indianapolis, Ind. 

Rawls, Otis B. (C), Prop. & Welder, Rawls 
Garage & Welding Co., Dublin, Ga. 

Ray, W. C. (C), Shop Supt., Wyatt Metal & 
Boiler Works, P. O. Box 5418, Dallas, 
Texas. 

Raymo, Arthur J. (C), Welding Engineer, 
Baldwin Locomotive Works: Res.) 25 
Fairlamb Ave., Manoa, Upper Darby, Pa. 

Raymo, Chester T. (C), Welding Engr.., 
Chattanooga Boiler & Tank Co., 1011 E. 
Main St., Chattanooga, Tenn 

Raymond, Gwynne (B), Cc hief Engr. & Mer. 
of Manufacture, Black Sivalls & Bryson 
Inc.; (Res.) 3110 N. W. 20th St., Okla- 
homa City, Okla. 

Raymond, H. Kendall (D), Acety. Welder, 
Instructor, New England Welding Labs., 
88 St. Stephens St., Boston, Mass 

Rea, John (D), 148 Re Hart PI., Elizabeth, 
N. J. 


Reals, Chas. L. (C), Asst. Supt., Black, 
Sivalls & Bryson; (Res.) 717 Freemont, 
Kansas City, Mo. 

Reavis, C. G. (C), Welder, Precision Welding 
Co., 5707 Bandera, Los Angeles, Calif. 
Reavis, L. H. (C), Dist. Mgr., Compressed 
Industrial Gases, 139 Simpson St. N. W.., 

Atlanta, Ga. 

Rebman, Chas. G. (ID), Mech. Supt., Mid- 
Continent Petr. Corp., Box 381, Tulsa, 
Okla. 

Rebsamen, William (D), 2848 Pestalozzi 
St., St. Louis, Mo. 

Rechtin, Eberhardt (B), Engineer, Ship- 
building Division, Bethlehe ‘m Steel Co., 
25 Broadway, New York, 

Redden, William A. (D), uae City of 
Cincinnati Highway Maintenance Dept.; 
(Res.) 623 Riddle Road, Cincinnati, Ohio. 

Reddie, W. W. (B), Welding Section, West- 
inghouse Elec. & Mfg. Co., E. Pittsburgh, 
Pa 


Redline, Ralph H. (B), Welding Supervisor, 
American Loco. Co., Brooks Works; 
(Res.) 1187 Central Ave., Dunkirk, N. Y. 

Redman, R. P. (B), Vice-Pres., Aetna Iron 
& Steel Co.; (Res.) 3516 Herschel St., 
Jacksonville, Fla. 


ALPHABETICAL LIST OF MEMBERS 


Redmond, Somes H. (1)), Resistance Welder, 
General Electr Co (Res 5 
Schenectady N 

Reed, Clifford H. ((), Welding Supervisor, 
General Elect Co Res.) S84 James St.. 

renectady, N. ¥ 

Reed, H. M. (1D), Welds Mid-Continent 
Pet. Corp.; (Res.) 116 North Union St 
ulsa, i 

Reed, John C. (€), Elect. Engr., Bethlehem 
Steel Co., Steelton Pa 

Reed, Malcolm V. (3), Engineer of Design 
& Research Wvatt Metal & Boiler Works 
P. O. Box 3052, Houston, Texas 

Reed, Thomas E., Jr. (1D), Electric Welder 
Osgood Co.: Res 365 So. State St 
Marion, Ohio 

Reedy, Chas. E. ((), Shop. Engr., American 
Car & Foundry Co., Milton, Pa 

Reese, C. E. (C), Salesman, National Cy 
inder Gas Co.; Res 4950 Santa Fe 
Ave., Los Angeles, Calif. 

Reese, Dale F. (A), Vice-President, The 
Hartford Steam Boiler & is. Lo 
56 Prospect St., Hartford, Conn 

Reeves, Charles L. (B), Welding Foreman 
Minneapolis-Moline Power Implement 
Co., Moline, I! 

Reeves, Eugene L. ((€), Vice-President 
Reeves & Skinner M wchinery Co 2211 
Olive St., St Louis Mo 

Reeves, Dr. Lewis (C), Research Engr 
Appleby-Frodingham Steel Co Lt td. 
unthrope, ] ncolnshire ngland 

Reichert, Harold W. (C), Welding Inspector, 
Lakeside Bridge « Stee Co.: Re 8.) 
2629 W. Cherry St., Milwaukee, Wis 

Reichert, William L. (1D), Welding Dept., 
Bethlehem Steel Co Res.) 1335—5th 
Ave., San Francisco, Calif 

Reid, Chas. W. (C), Supt., Patterson-Kelley 
Co., Ine . E. Stroudsburg Pa 

Reid, Sibbald (C), Salesman (Met Chas. 
Rubel & Co., 1101 Vermont Ave. N. W. 
Washington, D. C 

Reid, Vaughan&(), President & Gen. Mgr 
City Pattern Works, 1161 Harper Ave., 
Detroit, Mich. 

Reid, W. L. (D), Welder, Clark Thad Co., 
Austell, Ga 

Reidy, aN A. (D), 1114 Seib Ave., Eliza- 
be th, N Be 

Reiff, Stanley G. (C), Secy. & Design Engi 
neer, General Construction Co a34 
Redick Tower, Omaha, Nebr 

Reilly, L. D. (B), Manager Ambridge Plant, 
American Bridge Co., Ambridge, Pa 

Reinhard, H. F. (B), Secy International 
Acetylene Assn., 30 E. 42nd St New Yo rk, 
N. ¥ 


Reinhardt, G. A. (A), Director Metallurgy 
« Research, The Youngstown Sheet « 
Tube Co., Youngstown, Ohio 

Reisinger, Paul R. (ID), Electric Welder, 
York Safe cg Craley, Pa 

Reist, 5. F. . Welder Foreman, Keystone 

Ss. W. Co Dow Peoria. Ill 

Remington, C. L. (1), President, Remington 
Construction Company, Box 1954. Pt 
Nex hes, Texas 

Rendall, Chester (1) Welder, Western 
Pipe & Steel Company Res 618 Bush 

t., Apt. 1, San Francisco, Calif 

Reno, R. W. (C), Salesman, Soulé Steel Co., 
1007—11th St., Santa Monica, Calif 

Renton, Allan (CC), Pres. & Maer Hawaiian 
Gas Products, Ltd., P. O. Box 2454, 
Honolulu, H. 

Reschke, F. Paul (ID), Reschke Mach. Works, 
908 N. Washington, Wichita, Kans 

Reynolds, Joseph T. (ID), Welder, Chev. 
Motor Co.: Res.) 89 Riverview Ave., 
Tarrytown, N. Y. 

Reynolds, Nolan 
Co., Muncie, Ind. 


Reynolds, R E. (1D), Welder, Southern Ry. 
Co.; (Res.) 525 Manford Rd. 8S. W 
Atlanta, Ga. 


Rhine, George E. (C 


Foreman, Ball Bros 


Welding Engr., 


Edgecomb Steel Co., D. & Erie Aves., 
Philadelphia, Pa 
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Rhinehart, Rupert (D), Operator & Instruc- 
tor, Union Iron Works; (Res.) 1250 W. 
20th, Erie, Pa 

Rhode, Robert (ID), Welder, R. G. Le 
Tourneau Ine.; (Res 515—7th St., 
Peoria, Ill. 

Riback, Emil S. (D), 29 North St., Highland 
Park, Mich. 

Rice, D. B. (C), Welding Engineer, American 
Manganese Steel Div.; (Res.) 389 E. 
14th St., Chicago Heights, Ill. 

Rice, S. B. (C), Operator, Swift & Co.; 
(Res.) 2400 N. 35th St., Kansas City, 
Kans 

Rice, William H. (B), Asst. Professor in 
Welding, Oklahoma State College, Still- 
water, Okla. 

Rich, Stuart L. (B), Welding Engr., Bell 
Aircraft Corp.; (Res.) 2050 Elmwood 
Ave., Buffalo, N. Y. 

Richards, F. D. (D), Garnett, Kansas. 

Richards, J. S. (B), Dir. of Mfg. Practices, 
American Steel & Wire Co., Rockefeller 
Bldg., Cleveland, Ohio. 

Richards, Nathaniel A. (B), Pres., Purdy & 
on Co., 45 E. 17th St., New York, 


Richardson, A. C. (C), Supt., Combustion 
Eng. Co., 1032 W. Main St., Chattanooga, 
Tenn. 

Richardson, George (1D), Welding Inspector, 
General Elec. Co.; (Res.) 36 Verdmont 
Ave., Lynn, Mass. 

Richeda, Fred (B), Supt., The Lang Co., 
Box 479, Salt Lake City, Utah. 

Richter, Chas. R. (©), Director of Welding, 
Modern Welding Training School; (Res.) 
1740 Broadway, Schenectady, N. Y 

Richter, Gerard E. (D), Welder, Wm. J. 
Meyer Co.; (Res.) 68 Walzer Rd., Roches- 
ter, N. Y. 

Richter, J. Louis (C), Pres. & Genl. Mar., 
Central Ohio Welding Co., Spring & 
Neilston Sts., Columbus, Ohio 

Ricker, Wm. S. (D), Arc Welder, Lockheed 
Aircraft Corp.; (Res.) 1320 Park Ave., 
Inglewood, Calif, 

Ricketts, F. L. (D), Welding Operator, 
Southern Iron & Equip. Co.; (Res.) 1 
Decatur Rd., Brookhaven, Ga. 

Rickly, O. D. (B), Teacher, Ohio State Uni- 
versity, 2710 Joyce Ave., Columbus, Ohio. 

Ridgway, Herbert (€), Asst. Engineer, 
American Bridge Co., 71 Broadway, New 
York, N. Y. 

Riebeth, Theodore J. ((), Asst. Prof., Mar- 
quette University; (Res.) 3613 N. Mary- 
land Ave., Milwaukee, Wis. 

Rieger, Arthur J. (C), Salesman, Hill Equip. 
Engrg. Co.; (Res.) 804 Maple St., Zeigler, 
Ill. 


Rieger, George L. (C), Superintendent, 
Ramapo Ajax Division of The American 
Brake Shoe & Fdy. Co., Fourth St., Hill- 
burn, N. Y. 


Rigby, Edw. J. (C), Manager, Robt. Bryce 
& Co. Pty. Ltd., Bryce Bldgs. 526-32, 
Little Bourke St., Melbourne, Australia. 

Rigby, L. (C), Welding Foreman, Truscon 
Steel Co., Youngstown, Ohio. 


Riggle, C. R. (B), Power Sales Supt., Ohio 
Edison Co., Ohio Edison Bldg.. Youngs- 
town, Ohio. 


Rigler, G. W. (ID), Are Welding, Interna- 
tional Harvester Co.; (Res.) Prophets- 
town, Ill. 

Riley, Joe (C), Superintendent, lowa Manu- 
facturing Company, 916 16th St. N. E 
Cedar Rapids, Iowa. 


Rinek, John O. (A), Vice-Pres., Universal- 
Cyclops Steel Corp., Bridgeville, Pa. 

Ringer, Robert Lee, Jr. (C), Development 
Engineer, The Taylor-Winfield Corp.; 
(Res.) 693 Mahoning Ave. N. W., Warren, 
Ohio. 


Ringsmith, O. F. (C), Chief Engr., The 
Taylor Winfield Corp.; (Res.) R. D. 1, 
Box 402, Warren, Ohio. 

Rippel, John (C), Foreman, Federal Ship- 
bldg. & Dry Dock Co.; (Res.) 18 Bidwell 
Ave., Jersey City, N. J. 
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Risley, Vincent (C), Sales Engineer, The 
McKay Co.; (Res.) Y. M.C. A., York, Pa. 

Ritchie, R. W. (B), Surveyor, American 
Bureau of Shipping, 1435 Boatmens Bank 
Bldg., St. Louis, Mo. 

Ritter, Julius C. (C), Principal Engineering 
Draftsman, U. S. Navy Dept., Bureau of 
Ships, Washington, D. C. 

Rittler, Carl (D), Welder, William J. Meyer 
Co., N. Washington St., R. D. 1, Roches- 
ter, N. Y. 

Roach, Harold (C), Engr., Bethlehem Steel 
Co.; (Res.) 3311 Shelby Dr., W. Los 
Angeles, Calif. 

Roast, Harold J. (B), Vice-President, Cana- 
dian Bronze Co. Ltd., 999 De Lorimier 
Ave., Montreal, Que., Canada. 

Robbins, Mayson C. (€), Service Engr., 
Handy & Harmon, 20 No. Wacker Dr., 
Chicago IIl. 

Rober, Chester A. (B), Welding Foreman, 
Bethlehem Shipbldg. & Dry Dock Co.; 
(Res.) 98 E. Howard St., Quincy, Mass. 

Roberts, Arthur W. (D), Instructor, Boston 
Trade School; (Res.) 40 Circuit St., West 
Medford, Mass. 

Roberts, Charles (C), Pittsburgh Represen- 
tative, H. C. Nutting Co., Engineers & 
Chemists; (Res.) 5700 Penn Ave., Pitts- 
burgh, Pa. 

Roberts, Clay W. (C), Welding Foreman, 
Pennsylvania Shops No. 20th; (Res.) 
1430 Eastwood Ave., Columbus, Ohio. 

Roberts, C. W. (C), General Supt., South- 
western Eng. Co., 4800 Santa Fe Ave., 
Los Angeles, Calif. 

Roberts, D. E. (B), Engr., The Linde Air 
Products Co., 30 E. 42nd St., New York, 
N. Y. 


Roberts, Emmett (CC), Welding Foreman, 
Reed Roller Bit Co.; (Res.) 8024 Easton 
St., Houston, Texas. 

Roberts, G. R. (C€), Salesman, National 
Cylinder Gas Co., Ft. of E. Franklin St., 
Peoria, Ill. 

Roberts,H. J. (DD), Welding Service, The Linde 
Air Prods. Co.; (Res.) 2965 Michigan 
Ave., Niagara Falls, N. Y. 

Roberts, N. J. (C), Power Sales Eng., Ohio 
Public Service Co., Warren, Ohio. 

Roberts, Raymond (B), Sales Engineer, 
Southern Oxygen Co. Inc., Arlington, Va. 

Roberts, W. P. Megr., Air Reduction 
Sales Co., 2825 N. 29th Ave., Birmingham, 
Ala. 

Robertson, Earl (ID), Welding Operator, 20 
Tyler, Apt. 308, Detroit, Mich. 

Robertson, George (ID), Welder, Foster- 
Wheeler Corp., Carteret, N. J. 

Robertson, James B., Jr. (C), Assoc. Naval 
Architect, Bur. of Marine Inspection & 
Navigation, 1060 Commerce Bldg., Wash- 
ington, D. C. 

Robertson, R. E. (€), Metal Inspector, 
Sperry Gyroscope Co.; (Res.) 600 Lincoln 
Place, Brooklyn, N. Y. 

Robinoff, Boris (B), Sales Engineer, National 
Tube Co.: (Res.) 5441 Fair Oaks St., 
Squirrel Hill, Pittsburgh, Pa. 

Robinson, Charley (D), Welder Lion Weld- 
ing; (Res.) 62 Treacy Ave., Newark, N. J. 

Robinson, C. A. (C), Supt., Ramapo Ajax 
Div.: (Res.) 4785—I1st Ave. So., Seattle, 
Wash. 

Robinson, E. O. (B), M. M. & Ch. Elec., 
Morton Salt Co., Hutchinson, Kans. 

Robinson, James M. (C), Owner, Robinson 
Welding Supply Co., 1951 E. Ferry St., 
Room 202, Detroit, Mich. 

Robinson, R. W. (B), Mer. & Engr., Ameri- 
can Bridge Co., 629 2nd St. S. E., Min- 
neapolis, Minn. 

Robinson, William J. (C), Welding Foreman, 
Iraq Petroleum Co., P. O. Box 309, Haife, 
Palestine. 

Rock, Allen A. (B), Sales Manager, Hobart 
Equip. Co., 1925—I1st Ave. 38., Seattle, 
Wash. 

Rock, Esteban (C), General Manager, Cia. 
Productora de Oxigeno, 8. A., Apartado 
318, Monterrey, N. L., Mexico. 
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Rockefeller, Harry E. (B), Manager, Prop. 
ess Dev. Dept., The Linde Air Prodi, 
Co., 30 E. 42nd St., New York, N. 

Rodgers, F. L. (B), Dist. Mgr., The Linde 
Air Prods. Co., 1280 Main St., Bufa! 
N. Y. 
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Rodgers, William (B), Supt., Nashville 
Bridge Co., P. O. Box 70, Bessemer, } la, 

Roe, Leslie (D), Welder, Western Pipe & 
Steel Co. of Calif.; (Res.) 1536 Vallejo 
St., San Francisco, Calif. 

Roeth, Milton R. (D), Acety. Welding 
Swindell Bros. Glass Co.; (Res.) Ferndale, 
Md. 

Roffey, Albert B. (C), Welder, Karlson & 
Reed; (Res.) 5 Williams Court, Bellmore. 

Rogers, Carroll (C), Foreman Welder 
Arthur Tickle Engineering Works; (Res. 
977—52nd St., Brooklyn, N. Y. 

Rogers, Charles (C), Cleaning Room Fore. 
man, Crucible Steel Casting Co., 2859 
So. 20th St., Milwaukee, Wis. 

Rogers, Cullin (C), Foreman or Operative 
Wyatt Metal Boiler Works; (Res.) 6115 
Truro, Houston, Texas. 

Rogers, Fred E. (C), Editor and Mech, 
Eng., Air Reduction Sales Co. (Retired): 
(Res.) 6 Garfield Place, East Orange, N. J 

Rogers, H. L. (B), General Sales Dept., Air 
Reduction Sales Co., 30 East 42nd 8t., 
New York, N. Y. 

Rogers, H. L. (C), Welding Supervisor, 
Marion Steam Shovel Co., 617 W. Center 
St., Marion, Ohio. 

Roggow, H. A. (C), Welder, Warner Con- 
struction Co.; (Res.) Heeney, Colo. 

Rogina, Roland (D), Welder, R. G. Le Tour- 
neau, Inc.; (Res.) 605 McKinley Ave., 
Bartonville, Ill. 

Rohrer, Paul V. (ID), Are Welder, A. B 
Farquhar Co. Ltd.; (Res.) 641 W. Locust 
St., York, Pa. 

Rolf, Raymond (C), Metallurgical Engr. 
The Lakeside Steel Improvement, 5418 
Lakeside Ave., Cleveland, Ohio. 

Rolli, John W. (C), Pres., Republic Welding 
Co., 30% College St., Louisville, Ky 

Rollins, Chummy (D), Welder, Simmonds 
Motor & Machine Co., Beaumont, Texas 

Romanik, Mike (1D), Mold Welding, Arm- 
strong Cork Co.: (Res.) 5 Walnut St 
Millville, N. J. 

Romann, John H. (B), Consulting Engr., 
Girdler Corp., 224 E. Broadway, Louis- 
ville, Ky. 

Romeo, Frank (C), Welder, Jeffrey Mfg. 
Co.; (Res.) 99 E. 11th Ave., Columbus, 
Ohio. 

Ronay, Bela M. (B), Senior Engr. Welding, 
Engineering Experiment Station, U. 5 
Naval Academy, Annapolis, Md. 

Rooney, James I. (C), Asst. Engineer, New 
York City Tunnel Authority; (Res 
3205—8 Ist St., Jackson Heights, L. 1.,N.Y 

Rooney, T. R. (C), Genl. Plant Supt., Wes- 
tern Pipe & Steel Co., 200 Bush St., San 
Francisco, Calif. 

Roper, Edward H. (DD), Welding Dem., Air 
Reduction Sales Co., 60 E. 42nd St., New 
York, N. Y. 

Rork, Frank C. (C), Suvervisor Structural, 
Mech. & Architectural Drafting, Los 
Angeles Bureau of Power & Light; (Res.) 
7531 S. Hebart Blvd., Los Angeles, Calif 

Rosborough, J. G., Jr. (C), Asst. Chief Engr., 
Anheuser Busch, Inc., St. Louis, Mo. 

Roscoe, John S. (C), Dist. Manager, The 
Lineoln Electric Co., 517 Erie Blvd. E., 
Syracuse, N. Y 

Rose, Lambert V. (D), Welder, Southern 
Pacific Co.; (Res.) 2809 Que St., Sacra- 
mento, Calif. 

Rosenblum, Abe (C), Partner, Detroit & 
Cincinnati Welding Co., 315 E. 2nd 3t., 
Cincinnati, Ohio. 

Rosencrans, J. (C), Sales Rep., Hobart 
Bros. Co.; (Res.) 276 Lafayette St., New 
York, N. Y. 

Rosewell, Wm. (C), Welding Dept. Fore- 
man, Pittsburgh Piping & Equip. ‘ 
10—43rd St., Pittsburgh, Pa. 
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. Manufacturer, Welding 


Ross, Albert M. (B 


Wire Company, Broad and Walnut Sts., 
York, Pa. 
Ross, C. W. (D), Clerk to Field Supt., Wyatt 


Metal & Boiler Ww orks, Box 3052, Houston, 
Texas 

Ross, George A. (C), Works Laboratory, 
General Electric Company, 1 River Road, 
Schenectady, N 

Ross, G. M. (B), Mer. 
& Machine Co.; (Res } 
Ave., Honolulu, T. H 

Ross, Harry H. (C), Foreman, Bethlehem 
Steel Co.: (Res.) 1012 F. St., Sparrows 
Point, Md. 

Ross, John A. Cc ), Supt., Dominion Bridge Co. 
Ltd., 275—Ist Ave. W., Vancouver, B.C 
Canada. 

Ross, James K. (B 
Cincinnati, Ohio 

Ross, Paul (B), Plate Shop Foreman, 
Goslin-Birmingham Ince.; (Res. Box 
506, Birmingham, Ala. 

Rossheim, D. B. (B), Cons. Engr., M. W. 
Kellogg Co., 225 Broadway, New York, 
N. Y. 

Rossi, Boniface E. (B), Chief Instructor, 
Delehanty Institute, Welding Div.; (Res.) 
32-40—93rd St., Jackson Heights, L. I., 

Rosskopf, Thos. (B), Managing Director, 
N. V. Williem Smit & Co., Annastraat, 
187, Nijmegen, Holland. 

Rottman, Wm. A. (1D), Elect. Are Welder, 
Robbins Dry Dock & Repair Co.; (Res.) 
45 Carukin St., Franklin Square, L. L, 
N. Y 

Rougon, T. Douglas (C), Welding Operator, 
Freeport Sulphur Co., Port Sulphur, La. 

Rouscher, — E. (C), Supt. of Boiler & 
Welding Dey A. B. Farquhar Co.; 
(Res.) 419 L Ave., York, Pa. 

Rousseau, E. J. (B), Pre siden. Cc 
Pattern Fdry. & Mach. Co., 221 
River Ave., Detroit, Mich. 

Rowe, Rudolph (1D), Welding Operator, 
21507 So. Main St., Rt. 1, Box 350, Tor- 
rance, Calif. 

Rowell, Clarence (1D), 
Pekin, Ill. 

Rowland, W. B. (B), Manager, The Linde 
Air Products Co., 30 E. 42nd St.. New 
York, N. Y. 

Rowley, Carl F. (1D), Welder, State Highway 
Shep; (Res.) 848 14th St., Douglas, 
Arizona. 

Roy, E. A. (D), Operator, Revere Copper & 
Brass Co.; (Res.) Box 86, Vernon, N. Y. 
Royer, Jacques ((), Asst. Mgr., Welding & 
Supplies Co., 3445 Parthenais St., Mon- 

treal, Que., Canada. 

Royer, J. W. (B). Vice-Pres., Medart Co., 
3500 De Kalb Ave., St. Louis, Mo. 

Rozon, Ww. A. (I )), Dept Head, Geo. W. Reed 
& Co. Ltd.:; Res 4107 Richelieu St., 
Montreal, Que., Canada. 

Rudegeair, Leo C. ((), Foreman, The Na- 
tional Radiator Co.; (Res.) 1140 Chestnut 
Lebanon, Pa. 

Ruepping, Fritz (D), Welder, 
sky Aircraft Co.; (Res.) 
New Haven, Conn. 

Rugg, Philip N. (C), Electric Heating En- 
gineer, Boston Edison Co.: (Res.) 8 East- 
ern Ave., Wakefield, Mass 

Rule, J. O. (D), Welder, Chicago Bridge & 
Iron; (Res.) 815 Branciforte St., Ballejo, 
Calif. 

Rumble, George (B), 


Hawaiian Welding 
2020 Kamehameha 


), Box 172, Oakley Sta., 


ommerce 
11 Grand 


Welder, Route L., 


Vought Sikor- 
143 Division St., 


Sales Engr., Terminal 
Warehouse, Toronto, 2, Ont., Canada. 
Rundquist, Lester H. (D), 15203 Center 

Ave., Harvey, III. 

Runkel, Alfred (C), Standards Dept., R. G. 
Le Tourneau, Inc., Ft. of Grant St., 
Peoria, Ill. 

Rusch, Charles E. (ID), Elect. Acety. Welder, 
Alloy Steel Tank Co.; (Res.) Box 192, 
W harton, N. J. 

Rusk, Charles M. ((), Welding Engineer, 
Horace T. Potts Co.; (Res.) 5420 N. 11th 
St.. Phila. Pa. 
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Russell, Bruce A. (B), Chief of Hull Esti- 
mating & Designing Dept., Federal Ship- 
building and Dry Dock Co., 21 West St. 
New York, N. Y. 

Russell, Ralph S. (B), Ch. Engr., Hydraulic 
Supply Mfg. Co., 7500—Sth So., Seattle, 
Wash. 

Russell, Theo. J., Jr. (ID), Welder Inter- 
national Harvester Co.; (Res.) 2833 N 
Monitor Ave., Chicago, II 

Russell, Warren K. (C€), Boilermaker, 
James Russell Boiler Works: (Res 4g 
Dewar St., Dorchester, Mass 

Ruth, Mahlon C. (C), Foreman, York Ice 
Machinery Corp.; (Res.) 1631 W. Market 
St., York, Pa 

Rutishauser, M. H. (B), Sales Mer., Har- 
nischfeger Corp., 4400 W. National Ave., 
Milwaukee, Wis. 

Rutledge, Robert (C 
& Sons, Peoria, Ill 

Rutt, E. M. (D), 1931 So 
Chicago, Ill. 

Ruzich, Joseph S. (C), Welding Foreman, 
Chicago Surface Lines: Res.) 6524 8S. 
Komensky, Chicago, III. 

Ryan, C. M. (C), Sales Engineer, Hawaiian 
Gas Products, Box 2454, Honolulu, T. H, 

Ryan, Robert J. (C Vice-Pres. & Genl. 
Mer., John Nooter Works 
1400 So. Second St. . Louis. Mo 

Ryder, E. M. T. (A), w ay Engineer, Third 
Ave. Railroad ae m, 130th St. & Third 
Ave., New York, N. Y. 


. Draftsman, A. Lucas 


Homan Ave., 


Saacke, Frederick C. (C), Research, Air Re- 
duction Sales Co., 181 Pacific Ave., Jersey 
City, N. J. 

Sacks, Raymond J. (D), Welder Instructor, 
Hadley Vocational School; (Res.) 1710A 
N. 14th St., St. Louis, Mo. 

Sadler, Robert L (1D), Welder, Scott Paper 
Co.; (Res.) 1607 Edgemont Ave., Chester 
Pa, 

Sage, George R. (1D), Welder, Eastman Ko- 
dak Co., Box 23, Adams Basin, N. Y. 

Sage, V. L. (C), Dist. Sales Mgr., National 
Cylinder Gas Co., 2420 University Ave.., 
St. Paul, Minn 

Salberg, Kare (CC), Structural signer, 
Panama Canal, Box 956, Balboa, C. Z. 

Salisbury, Howard R. Air 
Reduction Sales Co., 17th & Allegheny 
Sts., Phila., Pa. 

Salmon, Philip A. (C), Asst. Engr., Public 
Service Elec. & Gas Co., 80 Park Place, 
Newark, N 

Samans, Walter (B), Mech. Engr., Sun Oil 
Co., 1608 Walnut St., Philadelphia, Pa. 

Sampson, D. S. (C), Sales Eng., Mgr. Wash 
Office, A. M. Byers Co., 1040 Shoreham 
Bldg., Washington, D. C 

Sandberg, G. H. (C), Sales Engr., Wilson 
Welder & Metals Co., ‘ Airco, 17th & 
Allegheny Aves., Philadelphia, Pa 

Sander, C. P. (A), Genl. Supt., Western Pipe 
& Steel Co. of Calif., Los Angeles, Calif. 

Sangdahl, Geo. S. (C Manager Cleveland 
Office, Chicago Bridge & Iron Company, 
15 Prospect Rd., West, Cleveland, Ohio 

Sannemann, William J. (B), Service Engi- 
neer Dept ot Met.., Insp & Res Ten- 
nessee Coal, Iron & Railroad Company, 
1508 Brown-Marx Building, Birmingham, 
Ala. 

Sanner, Walter E. (B), Dean, Heald Engi- 
neering College Res.) 2400 Pacific Ave. 
San Francisco, Calif 

Sanocki, Frank C. (€), Instructor, Provi- 
dence School of Practical Training, 97 
Fountain St., Providence, R. I 

Sanscrainte, Stanley N. (1)), Welder, Buf- 
falo Fdy. & Machine Co.; (Res.) 347 Cam- 
bridge Ave., Buffalo, N. Y. 

Santini, Robert (B), Welding & Electrical 
Engr., Sciaky In 11001 Cottage Grove 
Ave., Chicago, Ill 

Sarazin, R. (B), Prop., Soudure A L’Are 
Sarazin, 47 Blvd. Levallois, Neuilly, Sene 
France 


ALPHABETICAL LIST OF MEMBERS 


Harold F. (ID Elect. Welder 


Sargent, 
Bethlehem Shipbldg. Cor Res 33 
Beideman St., San Francisco, Calif 


Sarvis, A. L. (D), 
Chalmers Mfg. Co.: Res 
waukee Ave., Wauwatosa, Wis 

Sasek, Fred (1)), Welder, Western Car- 
tridge Co (Res.) Rt. 4, Edwardsville, Ill 

Setterlee, W. F. (B), Prod. Mer., Hunter 
Steel Co., Neville Island, Pa 

Sauer, Carl M. (B), Sales Engineer. Air Re 
duction Sales Co.: Res {048 Dela- 
ware, Indianapolis, Ind 

Saul, Harry H. (C Welding Instructor, 
H Fletcher Brown Vor H ah =~ hool; 
Res.) 210 E. 16th. Wilmington. Ds 

Saunders, Harold W. (( District Manager, 
Air Reduction Sales Co Park and Hal- 
leck Emervyvilk Calif 

Saunders, Ww. lL) Operato Patterson 
Steel Co.: Res 1628 E. Easton, Tulsa, 
Okla. 

Saunier, M. E. (C Sales, National Elec 
Welding Mach. Co., 9 So. Kedzie Chicago, 
lll 

Saxe, Van Rensselaer P. (B), Consulting 
Engr., 100 W. Monument St., Baltimore, 
Md. 

Sayre, M. F. (C), Prof. of Applied Mechan- 
ics, Union College, Schenectady, N. ¥ 
Scarbery, Jasper L. (B), Foreman, Jeffrey 
Mfg. Co Res $220 Cleveland Ave 

Columbus. Ohio 

Scarlett, W. E. (1D). Blacksmith, Panama 
Canal, P. O. Box 403, Balboa, C. Z 

Schafer, Charles N. (C), Electrician, 14732 
Wemple Rd., Cleveland, Ohio 

Schafer, Philip E. (B), Welding Eng 
Schafer & Timlin Testing Labs Res 
1221-25 E. 20th St., Baltimore, Md 

Schaible, Frank W. ((), Foreman Welding, 
Link Belt Co.; (Res.) SIS Chestnut St., 
Lansdale, Pa 


Welding Operator, Allis- 
7828 Mil- 


Schaller, Gilbert S. (B), Prof. of Mech 
Enegrg.. Uny of Washington, Seattle 
Wash 


Schane, Harry P. (B), Welding Supervisor, 
Allis-Chalmers Mfg. Co., N.S. Pittsburgh 
Pa 

Scharnberg, Henry (1)), 
Reed Roller Bit Co 
Houston, Texas 

Scharwenka, A. V. (( 
& Welch Inc Res.) S11 Bradford Ave 
Westfield, N J 

Schattel, K. F. (A), Asst. Sales Mgr. Equip 
and Supply Div National Cviinder Gas 
Co.. 205 W. Wacker Dr Chicag | 


Schaub, Carl M. (© Sales, Williams & 
oF In 3700 Perkins Ave., Cleveland 
Ohio 

Schauffler, H. J. (C), Commonwealth Edisor 
Co.. % Construction Dept... 72 W Adams 


St., Chicago, Ill 
Schaupp, J. W. ‘( District Sales Manager 
ational Cylinder ny oO 

Ave & Thorn St., Coraopolis Pa 
Scheffler, Carl A. ‘( 27 W. 120th St 


Cleveland, Ohi 


Schellhammer, Lawrence WwW. Salesman 
The Otis Steel Co Res 026 Oberlin 
Bivd., Cincinnati, O} 

Schenck, Charles (A), Engineer of Develop- 
ment, Bethlehem Steel Bethlehen 
Pa 

Schenler, M. (B), Vice-Pres. & T 
Superior Structural Steel Co Res Sl 
Farlin Ave., St. Louis, M 

Schermerhorn, J. A. (( Acting Works Mg 
American Welding bondal« Pa 

Scherrer, A. G. «| Dist. Mg Nationa 
Cylinder Gas S5th St... North 


Bergen, N. J 


Scherrer, Robert (1)), W oO 
Co Res.) 3334 Lowell Ave., I Ay 
Calif 

Scheuring, C. E. (B), \ 
Mer Emerson-Scheu g Tank ¢ 
dianapo s Ind 

Scheuring, Frank (‘ Mont Ene 
heur ng I ink Re aide 
Ave Indianapo s. Ind 
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Schexschnider, Lee (1)), Welder, Wilshire 
Oil Co.; (Res.) 163 E. 6th St., Downey, 
Calif. 

Schieckenburg, R. (ID), Welder, R. G. Le 
Tourneau Inc.; (Res.) 1009 W. Gift, 
Peoria, Ill. 

Schiemann, E. H. (C), Mech. Engr., % 
Kimberly-Clark, Neenah, Wis. 

Schimpke, Albert J. (C), Engr., Murray 
Sales Co.; (Res.) 6830 Penrod, Detroit, 
Mich. 

Schleich, Randall (B), Engr., Travelers 
Indemnity Co., Liberty Bank Bldg., 
Buffalo, N. Y. 

Schleicher, Jacob Wm. (C), Sales Promotion, 
Resisto-Loy Co.; (Res.) 1646—33rd St. 
N. W., Washington, D. C. 

Schliecker, G. H. (B), ng R. C. Neal 
Co., 76 Pearl St., Buffalo, N. Y. 

Schlieder, Harley J. (C), Manager, Air Re- 
duction Sales Co., 730 Grant St., Buffalo, 


Schlining, Charles (ID), Mould Shop Repair- 
hand, Swindell Bros, Inc.; (Res.) 2613 
Georgetown Rd., Baltimore, Md. 


Schlis, Wm. J. (D), 216 Wisconsin, Peoria, 
Ill. 


Schlittler, H. F. (B), Asst. Gen. Mgr., Abegg 
& Reinhold Co., Ltd., 2533 East 26th St., 
Los Angeles, Calif. 

Schlitz, Thomas R. (C), Chief Welding In- 
structor, Casey Jones School of Aero- 
nautics, 1100 Raymond Blvd., Newark, 

Schlosser, H. B. (C), Plant Supt., Edge 
Moor Iron Works, Inc., Edge Moor, Del. 

Schlup, Bernard L. (PD), Welder, J. A. Tobui 
Const. Co.; (Res.) 425 W. 35th St., Kan- 
sas City, Mo. 

Schmidt, E. C. (C), Elect. Welding, Key- 
stone Steel & Wire Co.; (Res.) 706 W. 
Corrington Ave., Peoria, Ill. 

Schmidt, J. Bernie (C), Welder, R. G. Le 
Tourneau Inc.; (Res.) Chillicothe, Ill. 
Schmidt, Karl W. (B), Pres., Builders Steel 
Co., 12th & Gentry Sts., North Kansas 

City, Mo. 

Schmidt, William (D), Electric Welder, 
Western Pipe & Steel Co. of California; 
(Res.) 2301—82nd Ave., Oakland, Calif. 

Schmitt, W. F. (B), Welding Engr., Rock 
Island Arsenal, Rock Island, Ill. 

Schmitt, Wm. J. (B), Roofing & Sheet Metal 
Contr., 118 Brown St., Rochester, N. 

Schmuller, Frederick M. (B), Civil Engi- 
oat, Dept. of Public Works, 125 Worth 

St., Rm. 823, New York, N. Y. 
enna Edward A. (C), Welding Special- 
ist, General Elec. Co., Bridgeport, Conn. 


Schneider, George (C), Acetylene & Welding 
Equip. Co., 1065 Atlantic Ave., Brooklyn, 
N. Y. 


Schneiderwind, L. O. (B), Pres., Omaha 
Welding Co., 1501 Jackson St., Omaha, 
Nebr. 

Schnetzer, S. (B), 125 Terrace Ave., Has- 
brouck Heights, N. J. 

Schoen, Henry (€), Naval Experiment 
Station, Carderock, Md.; (Res.) 24 Ridge 
t., Benning Sta., Washington, D. C. 


Schoenbaum, Carl F. (C), Engineer, Har- 
nischfeger C orp.; (Res.) 1506 So. 57th St., 
Milwaukee, Wis. 


Schoenberg, Chas. W. (D), Estimator & 
Salesman, Jos. T. Ryerson & Son Inc.; 
(Res.) 2518 N. 84th St., Milwaukee, Wis. 

Schoener, J. G. (B), Welding Engr., Inter- 
national Nickel Co., Bayonne, N. 


Schomann, William (B), Sheet Metal Con- 
tractor, Reinke & Schomann, Inc., 1713 
N. Water St., Milwaukee, Wis. 

Schonvizner, Michael S. (C), Engrg. Dept., 
Cleveland Elect. Ilium. Co.; (Res.) 2260 
Oakdale Rd., Cleveland Heights, Ohio. 

Schooley, F. Wayne (C), Contracting Engi- 
neer, Chicago Bridge & Iron Co., 608 So. 
Hill St., Los Angeles, Calif. 

Schotte, Harry B. (D), Welder, Chicago 
Bridge & Iron Co.; (Res.) 321 Lincoln 
Ave., Scharon, Pa. 
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Schramm, C. Henry (B), Chief Engineer, 
Shaw-Box Crane & Hoist Div., Manning, 
Maxwell & Moore Ine.: (Res.) 1299 
Jefferson St., Muskegon, Mich. 

Schreeck, Karl W. (C), Designing Eng., 
Una Welding, Inc., 1740 Page Ave., Cleve- 
land, Ohio. 

Schreffler, Chas. L. (ID), Welder, Coleman 
Lamp & Stove Co.; (Res.) 1350 So. 
Market, Wichita, Kans. 

Schreiner, Norman G. (B), Engineer, The 
Linde Air Products Co.; (Res.) 2037 N. 
15th St., Phila., Pa. 

Schrock, J. E. (D), Comanche County High- 

way Dept., Cok iwater, Kans. 

Schroeder, Emil C. (B), Paper Calmenson & 
Co., 975 East Seventh St., St. Paul, Minn. 

Schroeder, Otto (C), Mech. Engr., Soulé 
Steel Co., 1750 Army St., San Francisco, 
Calif. 

Schultz, George E. (C), Mechanical Engi- 
neer, Special Engr. Div., The Panama 
Canal; (Res.) Box 1131, Ancon, C. Z. 

Schultz, Herold (F), 124 West St., Stillwater, 
Okla. 

Schultz, O. B. (C), Engineer of Tests, Lima 
Locomotive Works, Inc., Lima, Ohio. 

Schulz, William H. (B), Supt. of Production, 
Donaldson Co. Inc., 666 Pelham St., St. 
Paul, Minn. 

Schuyler, Thos. C. (C), Titusville Iron 
Works, 406 East Main St., Titusville, Pa. 

Schwalen, Harold L. (DPD), Are Welder, 
Waldorf Paper Prods. Co.; (Res.) 4030— 
39th Ave. So., Minneapolis, Minn. 

Schwarting, H. F. (C), Field Engr., American 
Car & Fdy. Co.: (Res.) 4950 Sutherland 
Ave., St. Louis, Mo. 

Schwartz, James E. (C), Representative, 
General Electric Co., 800 Shoreham Bldg., 
Washington, D. C. 

Schwartz, Wm. K. (D), Welding Operator, 
Federal Machine & Welder Co.; (Res.) 
896 Terra Alta St., N. E., Warren, Ohio. 

Schwartzberg, David (C), Arc Welder, Fore- 
man, Adelmans Pipe & Steel Co.; (Res.) 
84 N. E. 29th St., Miami, Fla. 

Schwartzberg, Jack (C), Welder, Standard 
Steel Sections; (Res.) 1631 Walton Ave., 
Bronx, N. Y. 


Schwarz, Arthur (B), Engineer, John Nooter 
Boiler Works Co.; (Res.) 7438 Williams 
Ave., Richmond Heights, Mo. 

Schwemle, Carl (D), Welding Shop Owner, 
Forestburg, 8. D. 

Schwon, Paul (D), Welder, Link Belt Co., 
8938 Blackstone Ave., Chicago, Ill. 

Sciaky, Davis (B), Managing Director 
Sondeuses Electrique Sciaky; (Res.) 13 
Rue Charles Fourier, Paris 13, France. 

Sciaky, Mario (B), Director & Chief Engi- 
neer, Sciaky Corporation, 11001 Cottage 
Grove Ave., Chicago, Ill. 

Scibor, Frank (1D), Welder, Ford Motor 
Company; (Res.) 1437 Langlois Ave., 
Windsor, Ont., Canada. 

Scioletich, Mathew (C), Welding Engr., 
Combustion Engrg. Co., Heine Boiler 
Division, 5319 Shreve Ave., St. Louis, Mo. 

Scorey, George (CC), Metallurgist, Maynard 
Elec. Steel Casting Co.; (Res.) 2106 E. 
Jarvis St., Milwaukee, Wis. 

Scott, Benjamin A. (C), Senior Steel De- 
signer, Western Electric Co.; (Res.) 161- 
34 Grand Central Pkway., Jamaica, L. I., 


Scott, Charles H. (C), Chief Designing En- 
gineer, The Dorr Co. , Inc., 570 Lexington 
Ave., New York, N. 

Scott, Douglas (D), Welder & Machinist, 
Waite Amulet Mines, Ltd., Noranda, Que., 
Canada. 

Scott, Edward T. (B), President, Cleveland 
School of Welding Inc., 2261 E. 14th St., 
Cleveland, Ohio. 

Scott, George E. (B), Mer. Dominion 
Welding Engrg. Co. Ltd.; (Res.) 25 Edith 
Drive, Toronto 12, Ont., Canada. 

Scott, G. F. (C), Scott-Foster & Co., 126 
Powell St., Vancouver, B. C., Canada. 
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Per 


an S. S. (C), Senior Welding Engi: 


N. Y. Navy Yard; (Res.) 115-18 200th Shs 
St., St. Albans, N. Y. b 
Scott, Stephen S. (D), Are Welder, 797 Shs 
Union St., Schenectady, N. Y. E 
Scotten, Frank M. (B), Mechanical Engi. s 
neer, Great Lakes Engineering Works She 
Foot Great Lakes Ave., River Rouge } 
Mich. I 
Scratch, Harry E. (C), Welder, Electro. She 
motor Corp.; (Res.) 5424 Cornell Ave d 
Chicago, Ill. l 
Scutt, Glen H. (C), Director, Elmira Trade She 
School, 444-446 E. Water S8t., Elmira. 
3 
Seabloom, Eric R. (A), Supervising Engineer She 
Crane Co., Research & Development Labo- : 
ratories, 836 S. Michigan Ave., Chicago, 8 
Sears, Clifford M. (C), Secy., R. C. Neal Co. A 
Inc., 46 Andrews St., Rochester, N. Y, I 
Seawell, Lacy W. (C), Structural Engineer. She 
Luke Seawell, Inc., P. O. Box 1353, At- t 
lanta, Ga. \ 
Secretan, Art M. (1D), Welder, Hart Carter She 
Mfg. Co.; (Res.) Rt. 2, Box 128, Peoria F 
Ill. She 
Sedam, M. G. (B), Metallurgist, Harnischfer C 
Corp., 2151 8S. Robinson Ave., Milwaukee, I 
Wis. She 
See, Paul G. (F), Engineering Dept., Ameri- t 
can Mfg. Co. of Texas, Fort Worth, Texas She 
Seely, R. W. (D), Welding Operator, Genera! C 
Electric Co.; (Res.) 1524 Myron St. She 
Schenectady, N. Y. 
Seemann, Arthur K. (B), Engr., The Linde She 
Air Prods. Co., 30 E. 42nd St., New York, } 
N. Y 
Seipel, Arnold A. (C), Senior Engineer, The | She 
Panama Canal, P. O. Box 41, Diabio f 
Heights, C. Z. She 
Seitz, Isidor (D), Welder, York Safe and 7 


Lock Co.; (Res) R. D. 1, York, Pa. t 

Seltzer, Clarence E. (D), Welding Leader, 
Sun Shipbldg. & Dry Dock Co.; (Res 
727 Jeffrey St., Chester, Pa. 

Semik, Charles A. (C), Salesman, Omaha 
Welding’ Co., Omaha, Neb. 

Senesky, John S. (D), Dem., Air Reduction 
Sales Co.; (Res.) 75 Twelfth Ave., Sea 
Cliff, N. Y. 

Sepanski, Chester J. (D), Welder, Lincoln 
Elect. Co.; (Res.) 3424 E. 69th St., Cleve- 
land, Ohio. 

Sessions, Frank L. (B), Partner, Sessions 
and Sessions Consulting Engineer, Rocke- 
feller Building, Cleveland, Ohio. 

Setterblade, Kenneth R. (B), Salesman, 
Weld-O-Lectric Sales Company; (Res 
5651 West Ohio St., Chicago, Lil. 

Seydel, Harold B. (C), Asst. Mgr. Phila 
Dist., Air Reduction Sales Co., 17th St. & 
Allegheny Ave., Philadelphia, Pa. 

Seyffert, Al (DD), Welder, Whiting Corp 
Harvey, Ill. 

Seyfried, L. M. (C), Salesman, Sutton-Gar- 
ten Co.; (Res.) 6727 Riverview Dr., In- 
dianapolis, Ind. 

Shackleton, Fred W. (C), Sales, Air Redue- 
tion Sales Co.; (Res.) 1465 Republic 
Ave., Columbus, Ohio. 

Shadrake, Bolick J. (B), Designer, Eri 
Railroad Company; (Res.) 3235 West 
116th St., Cleveland, Ohio. 

Shafer, A. B. (C), Vice-Pres., Garrett « 
Shafer Engrg. Works, 322 First Ave 
South, Seattle, Wash. 

Shaller, O. H. (F), Student, Redmoon Sup- 
ply Co., Cheyenne, Okla. 

Shaner, E. L. (A), President, The Penton 
Publishing Co., 1213 West Third = 
Cleveland, Ohio. 

Shanor, G. C. (B), Williams & Co., 901-' 
Penn. Ave. N. 8., Pittsburgh, Pa. 

Shapinski, Joseph (D), Student Ws 
National Institute; (Res.) 567 Springt 
Ave., Newark, N. J 

Sharp, Alex, Jr. (F), 310 Knoblock, 51 
water, Okla 

Sharp, Raymond E. (D). Electric Welder 
Fore River Shipyard, R. D., Rockland 
Mass. 
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aes. P. E. (B), Sales Engr., Sun Ship- 

idg. & Dry Dock Co., Chester, Pa. 

Shaw, Franklin B. (D), School Teacher, 
Bd. of Education; (Res.) 3247 No. 15th 
St., Phila., Pa. 

Sheaff, Harry H. (C), Engineer, Combustion 
Engineering Co., 5319 Shreve Ave., St. 
Louis Mo. 

Shearer, Charles E. (B), Sales Manager, 
National Electric Welding Machines Co.., 
1846-60 N. Trumbull St., Bay City, Mich. 

Sheely, Moss F. (B), Welding Supervisor, 
Standard Oil Development Co., P. O. Box 
37, Elizabeth, N. J. 

Sheets, Claude L. (C), Operator, Ernstmann 
Mach. & Repair Shop; (Res.) 1817'/; 
So. Main, Wichita, Kans. 

Sheffer, John W. (B), Electrical Engr., 
American Car and Foundry Co., Room 
1322, 30 Church St., New York, N. Y. 

Shelbaer, W. N. (C), Foreman, Hope Na- 
tural Gas Co.;: (Res.) Wolf Summit, W. 
Va. 

Sheldon, Lucian A. (B), Engineer, General 
Electrie Company, Schenectady, N. Y. 

Shelton, E. P. (C), Manager, Detroit Office, 
Chicago Bridge & Iron Works, 1313 
Lafayette Bldg., Detroit, Mich. 

Shem, G. W. (B), Pres., The Alliance Struc- 
tural Co., Alliance, Ohio. 

Sher, Barney (C), Welder, Market Forge 
Co.; (Res.) 37 Walnut Ave., Revere, Mass. 

Sherbondy, F. G. (B), Vice-Pres., The Biggs 
Boiler Works Co., Akron, Ohio. 

Sherer, C. H. (B), Dist. Megr., The Lincoln 
Electric Co., 812 Mateo St., Los Angeles, 
Calif. 

Sheridan, S. A. (D), 174 Roesch Ave., Buf- 
falo, N. 

Sherman, William F. (C), Detroit Editor, 
The Iron Age, 7310 Woodward Ave., De- 
troit, Mich. 

Sherry, Clarence H. (C), Welding Super- 
visor, Dominion Bridge Co. Ltd., Box 310, 
Terminal A, Toronto, Ont., Canada. 

Sherwin, Raymond F. (C), Manager Welding 
Division, The Chicago Hardware Foundry 
Company. Commonwealth Ave., North 
Chicago, Ill 

Sherwood, John G. (D), Welder, American 
Hoist & Derrick Co.; (Res.) 4512 East 
Lake St., Minneapolis, Minn. 

Shewell, Clarence E. (ID), Electric Welder, 
York Safe & Lock Co., York, Pa. 

Shields, Julian W. (B), Engr., 
Bridge & Iron Co., 1305 W. 
Chicago, II. 


Shields, W. (C), Asst. Foreman, Federal 
Shipbldg. & Dry Dock Co.: (Res.) 210 
Fifth St., Jersey City, N. J. 

Shilling, William (B), Honolulu Rapid 
oe Co., 1133 Alpai St., Honolulu, 

Shimek, Frank W. (D), Press Hand & Weld- 
ing, Hamilton Mfg. Co.: (Res.) 2501— 
10th St., Two Rivers, Wis. 

Shiner, G. E. (C), Salesman, The Linde Air 


a Co., 56th & Center St., Omaha, 
en 


Chicago 
105th St., 


Shipman, Wm. H. (B), Engr. on Plant & 
Prod. Work, Babcock & Wilcox Co.: 
(Res.) P. O. Box 242, Barberton, Ohio. 

Shipman, William (C), 
Blaw Knox, Blawnox, Pa. 


Shodron, John G. (C), Consulting Engr., 
1810 W. Wisconsin Ave., Milwaukee, Wis. 


Shoemaker, Lewis F., Jr. (C), Draftsman, 
Bethlehem Steel Co. (Res.) 835 N. 
Franklin St., Pottstown, Pa. 


Shook, Edward C. (C), Sales Engr., Arcos 


Corp.; (Res.) % C. Hendricks, R. D. 1, 
Hallam, Pa. 


Works Manager, 


Shook, Henry W. (C), Welding Foreman, 
Standard Oil Co. of N. J., Boston & Dean 
Sts., Baltimore, Md. 


Shore, Frank Joseph (1), 
Carbonizing Co., 
ass. 


Welder, Gilet 
42 Warren St., Lowell, 


Shoultz, William L. (C), Shop Superinten- 
dent, Brown Sheet Iron & Steel Co., 964 
Berry Ave., St. Paul, Minn. 
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Shryock, Joseph (B), President & Chief 
Engineer, Belmont Iron Works, 2215 
Washington Ave., Philadelphia, Pa. 

Shultz, Bennie (C), Supervisor of Light and 
Power, University of Oklahoma, Faculty 
Exchange, Norman, Okla. 

Shultz, John E. (C), Electrical Engr., Federal 
Machine & Welder Co., Warren Ohio 

Sibley, R. L. (D), Welder, Balmar Corp.: 
(Res.) Rt. 1, Lutherville, Md. 

Sichler, Albert (D), Student, N. Y. Trade 
School: (Res.) 3415—37th St., Long 
Island City. N. Y. 

Sickles, Donald (ID), Car Repairman, Penn- 
sylvania Railroad; (Res.) 523—tth Ave., 
Juniata, Altoona, Pa. 

Sidney, C. Watson (B), Resist.-Welding 
Engr.. RCA Mfg. Co.: (Res.) 8 Wood- 
croft Rd., Summit, N. J. 

Sieger, George N. (B), Pres. & Genl. Megr., 
S. M. 8S. Corporatiom, 1165 Harper Ave., 
Detroit, Mich. 

Siemer, Robert (B). President & Treasurer, 
Allan Mfg. & Welding Co. Inc., 726 
Washington St., Buffalo, N. Y. 

Sievers, Max A. (C), Expert Die & Tool Co., 
17144 Mt. Elliott Ave., Detroit, Mich. 
Sigrist, F. (D), 70 Burnett St., New- 

ark, N. 

E. (B), Chief Engineer, 
Wright Manley Mfg. Div American 
Chain & Cable Co., 1531 Third Ave., 
York, Pa. 

Silva, Renato (B), Asst. Foreman Structural 
Steel Shop, Chile Exploration Co., Chu- 
guicamato, Chile, South America. 

Silver, Roy H. (B), Pres.. Silver Welding 
Supply, West Roxbury, Mass. 

Silverwood, Barry W. (B), A. M. I. E. T., 
Ass. Inst. W., M. B. A., Palmers Heb- 
burn-on-Tyne: (Res.) 36 Elton St. Fast, 
Wallsend-on-Tyne, Northumberland, Eng- 
land. 


Simmons, Arthur (1D), Welder, Armstrong 
Cork Co.; (Res.) 236 Nevin St., Lancaster, 
Pa. 


Simmons, Walter H. (CC), Prop., Welding 
Sales & Engrg. Co.: (Res.) 4351 Courville., 
Detroit, Mich. 


Simms, Howard WN. (1D), Metallurgical 
Dept., Black, Sivalls & Bryson Ince.; 
(Res.) 1217 S. W. 32, Oklahoma City, 
Okla. 

Simon, Edward F. (B), Genl. Mer. & Secy., 
The Ohio Machine & Boiler Co., 1501 
University Road, Cleveland, Ohio. 


Simon, Richard F. (F), 41 E. Woodruff Ave., 
Columbus, Ohio. 


Simon, W. H. (B), Consulting Welding 
Engr.. Camp L Internment Operations, 
Canada. 


Simonsen, E. N. (1D), Welder, Sterling Weld- 
ing Co., 3836 Longfellow Ave., Minne- 
apolis, Minn. 


Sinclair, Richard G. (C), Designing Drafts- 
man, Federal Machine & Welder Co.: 
(Res.) 1960 Estabrook Ave., N. j 
Warren Ohio. 


Singleton, George R. (B), President and 
Managing Director, New England Weld- 
ing Laboratories, 88 St. Stephen St., Bos- 
ton, Mass. 


Singleton, Jack (C), Dist. Engr., American 
Inst. of Steel Constr. Inc., 622 New Eng- 
land Bldg., Topeka, Kans. 

Sinn, Joseph (C), Rt. 1, Jefferson City, Mo 

Sir, Walter W. (C), Master Mechanic, Com- 


monwealth Edison Co., 3501 S. Pulaski 
Road, Chicago, Ill. 


Sivley, G. A. (C), Designing Engineer, 
Sommer Products Co., Quakertown, Pa. 


Sivyer, William (C), Sales Engr., Lincoln 
Electric Co.; (Res.) 2948 Rising Sun 
Road, Ardmore, Pa. 


Skinner, M. G. (B), Secy. & Treas.. St. 
Louis Blow Pipe & Heater Co., 1948 N. 
9th St., St. Louis Mo. 

Skinner, Orville B. (C), Electrical Engineer, 

U. 8S. Naval Gun Factory; (Res.) 4443 

Ellicott St., N. W., Washington. D. C. 


ALPHABETICAL LIST OF MEMBERS 


a. 


Skog, L. (B). 
Lundy Ine.., 
Ill 


Vice-President, Sargent «& 
140 S. Dearborn St., Chicago, 


Skuhrovec, J. (C), 
Cleveland, Ohio 

Skutt, John (1D), Arc Welder, Midland Steel 
Products Co.; (Res.) 2067 W. 106th St., 
Cleveland, Ohio 

Slater, Stanley J. (C), Supervisor, Applied 
Eng. Dept., Air Reduction Sales Co., 
Uphams Cors., Boston, Mass. 

Sleeman, W. C. (B), Manager of Works, 
Pullman Standard Car Mfg. Co.; Box 311, 
Bessemer, Ala. 

Sledge, Lieut. A. (B), Naval Construction, 

U. S. Navy Yard, Mare Island, Calif 

Slicer, Harry A. (C). Prod. Checker, Welding 
Dept., Jeffrev Mfg. Co.: (Res.) 2821 
Bremen St., Columbus, Ohio 

Slipper. Alan G. (C), Sales Engineer, Hawai- 
ian Gas Products Ltd., P. O. Box 2454, 
Honolulu. T. H. 

Sloane, P. C. (C), Salesman, The Linde Air 
Products Co., 328 East 18th Ave., Colum- 
bus, Ohio 

Slottman, George (C), Manager, Applied 
Engr. Dept., Air Reduction Sales Co., 60 
East 42nd St.. New York, N. Y 

Sluder, Ernest (ID), Welder, Mid-Continent 
Pet. Corp.; (Res.) 120 No. Quebee, 
Tulsa, Okla. 

Sluss, A. H. (B), Prof. Mech. Engr., Uni- 
versity of Kansas, 224 F. S., Lawrence, 
Kans. 

Small, Gilbert (C). Struct. Ener., J. R. Wor- 
cester & Co., 79 Milk St., Boston, Mass 

Smart, Walter C. H. (C), Welding Supt., 
Ingersoll-Rand Co.; (Res.) 2115 North- 
ampton St., Easton, Pa. 

Smellie, J. T. (D), Elect. & Oxvy-Acety. 
Welder, The Steel Co. of Canada Ltd., 
40 Huxley Ave., N. Hamilton, Ont., Can- 
ada. 

Smith, Abram E, (B), Vice-President, Union 
Tank Car C ompany, 228 N. La Salle St., 
Chicago, Ill. 

Smith, Alexander (1D), Engineer. Youngs- 
town Welding & Engr. Co., P. O. Box B, 
West Side Station, Youngstown, Ohio 

Smith, Alonzo (ID). Welder, Sound Welding, 
Inc., 905 E. 134th St., Bronx, N. Y 

Smith, Art (D), Welder & Burner, Steel 
Tank & Pipe Co. of Calif.; (Res.) 2237 
62nd Ave., Oakland, Calif 

Smith, Arthur W. C. (B), General Superin- 
tendent, The Phoenix Iron Co., Phoenix- 
ville, Pa 

Smith, Belmont (B), Welding Sales Ener., 
The Galigher Co (Res.) 1473 Redondo 
Ave., Salt Lake City, Utah 

Smith, B. K. (A), President, Big Three 
Welding Equip. Co., 509 M. & M. Bidg., 
Houston, Texas. 

Smith, C. F. (D), Welder, W. C. Norris 
Mfg. Co.; (Res.) 512 No. Rosedale St., 
Tulsa, Okla 

Smith, Charles S. (B), District Manager, 
The Linde Air Products Co., 114 Sansome 
St., San Francisco, Calif 

Smith, Emmett A. (1D), 15920 Hazel Road, 
E. Cleveland, Ohio 

Smith, E. Butler (B), Supervising Mech 
Engr., Pioneer Mill Co. Ltd Res.) 
Lahaina, Maui, T. H 

Smith, E. C. (B), Chief Metallurgist. Re- 
public Steel Corp., 1607 Republic Bldg., 
Cleveland, Ohio. 

Smith, Edward C. (B), President, National 
Electric Welding Machines Co., Bay City, 
Mich. 

Smith, E. G. (B), Instructor, University of 
La.; (Res.) 349 State St., Baton Rouge, 
La. 

Smith, E. H. (A), Pres., Smith Welding 
Equip. Corp., Minneapolis, Minn 

Smith, E. O. (C), Factory Rep., Hobart 
Bros. Co., % W. J. Holliday & Co., 545 
W. McCarty St., Indianapolis, Ind 

Smith, Edwin R. (C 


12909 Farringdon Ave., 


Surveyor, American 


Bureau of Shipping, 104 N. 8th St., Mani- 
towoc, Wis. 
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Smith, E. W. P. (B), Consulting Engineer, 
Lincoln Electric Co.; (Res.) 3580 Blanche 
Rd., Cleveland Heights, Ohio. 

Smith, F. B. (C), Shop Foreman, Motor 
Center; (Res.) 1420 Flower St., Bakers- 
field, Calif. 

Smith, F. H. (C), District Manager, The 
Lincoln Electric Co., 2011 Florence Ave., 
Cincinnati, Ohio. 

Smith, Frank M. (B), Genl. Mer., Stout 
Skycraft Corp., 2124 S. Telegraph Rd., 
Dearborn, Mich. 

Smith, George P. (C), Quarterman Boiler- 
maker, Navy Yard, 1424 K St. 8. E., 
Washington, D. C. 

Smith, H. Christa (B), Sales Engr., Henry F. 
Smith & Son, 626 Broadway, Cincinnati, 
Ohio. 

Smith, Harry H. (C), Manager Yoloy Sales, 
Youngstown Sheet & Tube Co., Youngs- 
town, Ohio. 

Smith, H. Sidney (A), Consulting Engr., 
Union As arbide Co., 30 E. 42nd St., New 
York, N. Y. 

Smith, a (B), Hull Supt., Bethlehem 
Shipbldg. Corp. Ltd.; (Res.) 98 E. How- 
ard St., Quincy, Mass. 

Smith, J. F. (B), Manager, Ship Yard, 
Dravo Corp., Wilmington, Del. 

Smith, John W. (D), Arc Welder, Lincoln 
Electric Co.; (Res.) 14203 Ardenall Ave., 
E. Cleveland, Ohio. 

Smith, Leo M. (C), Director of Welding 
School, Providence School of Prac. Train., 
97 Fountain St., Providence R. I. 

Smith, Martin M. (C), Air parien Sales 
Co., 60 E. 42nd St., ‘New York 

Smith, Melvin (D), Welder, Ww 
Inc., 905 E. 134th St., Bronx, N. Y. 

Smith, Norman E. (D), Chief Welder, Ma- 
terial Service Corp.; (Res.) 551 Ross St., 
Joliet, Ill. 

Smith, Otis L. (B), Pres. & Treas., Weldit 
Acetylene Co., 638 Bagley, Detroit, 
Mich. 

Smith, Paul (C), District Sales Manager, 
National Cylinder Gas Co., 529 Felicity 
New Orleans, La. 

Smith, Richard D. (D), Heat Treater, York 
Safe & Lock Co.; (Res.) 445 E. Princess 
St., York, Pa. 

Smith, Stephen (C), Specialist, Applied 
Engrg. Dept., Air Reduction Sales Co.; 
(Res.) 14 Tonnele Ave., Jersey City, N. J. 

Smith, S. H. (C), Dist. Mgr., Air Reduction 
Sales Co., 818 W. Winnebago St., Mil- 
waukee, Wis. 

Smith, Sidney K. (B), Principal Surveyor, 
American Bureau of Shipping, 1727 Ex- 
change Bldg., Seattle, Wash. 

Smith, T. (C), Foreman, Wyatt Metal & 
Boiler Works, P. O. Box 3052, Houston, 
Texas. 

Smith, B. Thomas (B), Foreman, Burning 
and Welding Div., Federal Ship Building 
and Dry Dock Co., 30 Headley Place, 
Maplewood, N. J. 

Smith, Thomas E. (D), Welder, Eastman 
Kodak Co.; (Res.) 55 Hanson PL, 
Brooklyn, N. Y. 

Smith, Turner C. (B), Engineer of Inspec- 
tions, General Petroleum Corporation of 
Calif., 2525 E. 37th St., Los Angeles, 
Calif. 

Smith, Utley W. (C), Special Representative, 
Johns-Manville Corp., 826 Woodward 
Bidg., Washington, D. C. 

Smith, W. C. (B), 1503 E. Erwin St., Tyler, 
Texas. 

Smith, Willard F. (C), Draftsman, 4629 E. 
60th St., Apt. D, Maplewood, Calif. 

Smith, William E. (B), Chief Boiler Inspec- 
tor, Hawaiian Sugar Planters Assn., P. O. 
Box 411, Honolulu, T. H 

Smith, R. William (D), Welding Demonstra- 
tor, Lincoln Electric Co., 812 Mateo St., 
Los Angeles, Calif. 

Smith, Wm. R. (C), Welding Instructor, 
Smith School of Welding 250 West 54th 

, New York, N. Y. 


Pes W. W. (A), Asst. to Pres., Inland 
Steel Co., 38 S. Dearborn St., Chicago, Ll. 


Smith, W. Walter, Jr. (D), Asst. Master 
Mech., Morris P. Kirk & Son Inc.; (Res.) 
2144'/, Las Colinas Ave., Los Angeles, 
Calif. 

Smizawski, John J. (D), Welder, Consoli- 
dated Edison Co.; (Res.) 2025—43rd 
st., Astoria, L. I., N. Y. 

Smylie, Harold Alfred (C), Chem. Engr., 
Burdette Oxygen Co.; (Res.) 1182 Sum- 
mit Ave., Lakewood, Ohio. 

Smyth, Robert (C), Marine Inspector 
(Boiler), Bureau of Marine Insp. & Nav., 
Commerce Bldg., Rm. 1872, Washington, 
iMod 


Snider, William J. (D), Operator, Black, 
Sivalls & Bryson Mfg. Co.; (Res.) 4105 
E. 37th St., Kansas City, Mo. 

Snow, Walter A. (D), Welder, % R. B. 
Chapman, 65Market St., San Francisco, 
Calif. 

Snyder, Carl (D), 15602 Lexington Ave., 
Harvey, Ill. 

Snyder, Gerald P. (D), App. Engr., Link- 
Belt Co.; (Res.) 1456 Jones St., San Fran- 
cisco, Calif. 

Snyder, Philip W. (C), Lieutenant, U. S. 
Navy, Bureau of Ships, Navy Department, 
Washington, D. C. 

Soden, W. E. (C), Sun Oil Co., 1608 Walnut 
St., Philadelphia, Pa. 

Sohn, Jesse S. (D), Welder, American 
Bridge Co.; (Res.) Leetsdale, Pa. 

Soldi, James (D), Student, National In- 
stitute; (Res.) 117 So. Jefferson St., 
Orange, N. J. 

Soman, Robert (C), Engr., Gilbert D. Fish; 
(Res.) 9318 Baldwin Ave., Forest Hills, 


Somerville, G. G. (B), Electrical Engineer 
in Charge of Welding Developments, 
General Electric Co., Pittsfield Works; 
(Res.) 63 Easton Ave., Pittsfield, Mass. 

Sommer, Dr. Franz (C), Director, Gebr 
Bohler & Co. A-G, Edelstahlwerk Dussel- 
dorf, Dusseldorf, Cberkassel, Postfach 55, 
Germany. 

Sommer, Phillip (D), Foreman, R. G. Le 
Tourneau, Inc.; (Res.) 207 N. Bourland, 
Peoria, Ill. 

Sommerville, Richard V. (D), 2403 Maple 
Ave. N.38., Pittsburgh, Pa. 

Sorensen, Martin C. (C), Foreman, Food 
Machinery Corp., 333 W. Julian St., San 
Jose, Calif. 

Sorensen, W. C. (C), Boilermaker & Welder, 
American Crystal Sugar Co., Box 562, 
Oxnard, Calif. 

Soriano, Ernest (B), 301 West 48th St., New 
York, N. Y. 

Sorkin, Josef (B), Struct. Designer, Ash, 
Howard, Needles & Tammen; (Res.) 
5509 Woodland, Kansas City, Mo. 

Sparks, H. H. (C), Draftsman, Dept. of 
Water & Power; (Res.) 5118 Echo St., 
Los Angeles, Calif. 

Sparr, Emil (B), Shop Supt., Genesse Bridge 
Co. Inc., 344 West Ave., Rochester, N. Y. 

Spaulding, Ralph E. (B), President, The 
Aetna Steel Construction Co.; (Res.) 
1252 Windsor Place, Jacksonville, Fla. 

Spaulding, Roy L. (C), Welding Foreman, 
American Hoist & Derrick Co., 63 S. 
Robert St., St. Paul, Minn. 

Spear, Robert D. (C), District Manager, 
Foster Wheeler Corp., 206 Sansome St., 
San Francisco, Calif. 

Specht, George (D), Welder, Ford Motor 
Co.; (Res.) 1227 High St., Windsor, Ont., 
Canada. 

Specht, Joseph (C), % Otis Steel Co., 3341 
Jennings Rd., Cleveland, Ohio. 

Speed, Francis H. (C), Chief Engr., Thom- 
son-Gibb Elec. Welding Co., 161 Pleasant 
St., Lynn, Mass. 

Speiser, Harry H. (D), Welder, Link Belt 
Speeder; (Res.) 5931 W. Walton St., 
Chicago, II. 

Speller, Thomas H. (C), Welding Shop 
Owner, General Welding & Engrg. Co.; 
(Res.) Bowen Road, Elma, N. Y. 


Spence, J. R. (A), Stoody Co., P. O. Box 429, 
Whittier, Calif. 
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Spenzer, E. B. (C), Supt. of Constr. & Main. 
tenance, The C leveland Railway Co., 600 
Midland Bldg., Cleveland, Ohio. 

Spice, Stuart M. (C), Supervisor of Welding 
Buick Motor Div. of Gen’l. M tors: 
(Res.) 929 E. Wellington Ave., Flint 
Mich. 

Spicer, Kenneth M. (C), Welding Engr. 
International Nickel Co., Inc., Research 
Lab., Oak St., Bayonne, N. J. 

Spielvogel, S. W. (C), Asst. Div. Engr. 
Consolidated Edison Co., 4 Irving Place. 
New York, N 

Spiese, E. Theodore (D), Welder, York Ive 
Machinery Corp.; (Res.) 318 W. Cottage 
Place, York, Pa 

Spindler, Wm. A. (C), Asst. Prof. of Metal 
Processing, Univ. of Michigan, 2047 FE. 
Engineering Bldg., Ann Arbor, Mich 

Spittler, E. P. (C), Welding Engineer, Gen- 
eral Electric Co.; (Res.) 6 Cornelius Ave 
Schenectady, N. Y. 

Splete, E. H. (C), Structural Designer, Pan. 
ama Canal, Box 737, Balboa, C. Z. 

Spoon, Robert (D), 2828 E. Michigan St. 
Indianapolis, Ind. 

Spooner, Leonard G. (B), Sales Manager 
Arthur C. Harvey Co., 60 Everett St., 
Allston, Mass. 

Sporn, Philip (A), Vice-President and Chief 
Engineer, American Gas and Electric 
Service Corp., 30 Church St., New York 
N. Y. 

Sprague, A. G. (C), _Prop. , Sprague Service 
& Supply Co., 276-78 Davidson Ave 
Perth Amboy, N. J. 

Spraragen, William (B), Technical Secretary 
and Editor, American Welding Society 
(Res.) 119-47 177th Place, St. Albans, 


Sprehe, Francis (C), Vice-Pres., Midwest 
Steel Co., 2 N. Indiana, Oklahoma City 
Okla. 

Sprong, George A., Jr. (D), Planner, General 
Electric Co.; (Res.) R. D. 6, Box 188, 
Amsterdam, N. Y. 

St. John, L. R. (B), Civil Engr., Kansas 
City Highway Comm., Court Hous 
Kansas City, Kans. 

Stahl, H. Hugo (C), Sales Engr., Lincoln 
Electric Co.; (Res.) 718 Hendren St 
Philadelphia, Pa. 

Stanford, Walter (D), Electric Welder 
Bethlehem Steel Co.; (Res.) Hotel Man- 
hattan, 157 W. 47th St., New York, N. \ 

Stanley, A. (D), 10153 S. Lowe Ave., Chi- 
cago, Ill 

Stanley, Leroy F. (D), Rt. 2, Beloit, Ohio 

Stanley, Richard W. (B), Ses hanical De- 
velopment Engineer, American Viscose 
Corporation, Marcus Hook, Pa. 

Stanulis, Joseph (D), Owner, General Weld- 
ing Works; (Res.) 3122 8S. Jefferson 
Saginaw, Mich. 

Stari, Joe (F), 455 Canty St., Pascagoula 
Miss. 

Stasz, John (D), Millwright, Dodge Bros 
(Res.) 3835 Casmere, Detroit, Mich. 

Stav, Carl W. (D), Welder, Cincinnati Mill- 
ing Machine Co.; (Res.) 15 Mason St 
Cincinnati, Ohio. 

Steadman, W. C. (D), Welder, Pacific Weld- 
ing Works, 2561 E. {4th St., Huntington 
Park, Calif. 

Steck, Robert C. (D), Draftsman & Dem 
Air Reduction Sales Co.; (Res.) 242 So 
Columbus Ave., Mt. Vernon, N. Y. 

Steckei, Frederick R. (B), Met., Columbia 
Steel Co., Russ Building, San Francisco 
Calif. 

Steel, Adam, Jr. (C), Steel Shipbuilder 
Manitowoc Shipbldg. Co.; (Res.) 52 
Lincoln Blvd., Manitowoc, Wis. 

Steele, E. R. (F), Student Welder, Lockheed 
Aircraft Corp.; (Res.) Box 341, No. 5a0 
Diego, Calif. 

Steele, Roy M. (D), Electric Welder, Pfaud- 
ler Co.; (Res.) 269 Wellington Av 
Rochester, N. Y. 

Steeves, Almon Miles (D), Welder, Th 
Builders Iron Works; (Res.) 10 Bradiforc 
Terr., Brookline, Mass. 
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Steffen, G. C. (B), Welding Specialist, 
Wessendorff Nelms & Co., 320 Franklin 
Ave., Houston, Texas. 

Stefins, John H. (D), Student Welder, 
National Institute; (Res.) 292 Elm St., 
Kearny, N. J. 

Steidl, Erwin A. (B), Sales Engr., Harnisch- 
feger Corp., 4400 W. National Ave., Mil- 
waukee , Wis. 

Steinman, George C. (C), Asst. Marine Engi- 
neer, Dept. of Commerce, Bureau of Ma- 
rine Insp. & Nav., Room 1069, Commerce 
Building, Washington, D. C. 

Steinman, John E. (B), General Superin- 
tendent, American Shipbuilding Co., W. 
54th St., Cleveland, Ohio. 

Steinmeyer, J. W. (B), Met. Engr., Ameri- 
can Car & Fdy. Co., Berwick, Pa. 

Stellies, Gomer (C), Pipe Line Foreman, 
W. C. Sykes Co.; (Res.) 49 Hortense St., 
Rochester, N. Y. 

Stepath, Myron D. (C), Asst. Welding Engi- 
neer, N. Y. Shipbuilding Corp.; (Res.) 
2083 Alabama Rd., Camden, N. J. 

Stephan, Frank A. (D), Maintenance Are 
Welder, Joseph T. Ryerson & Son, Inc.; 
(Res.) 1664 So. Christiana Ave., Chicago, 
Ill. 

Stephens, De Witt (D), Operator, City of 
Atlanta; (Res.) 790 Ponce De Leon PL., 
Atlanta, Ga. 

Stephenson, A. (B), The British Oxygen Co., 
Thames House, Millbank, London, S. W. 
1, England. 

Stepleton, P. W. (D), Welder, G. E. Christo- 
pher Iron Works; (Res.) 3033 Wellington 
Place, Wichita, Kans. 

Sternke, Richard W. (C), Shop Supt., Lake- 
side Bridge & Steel Co., 3200 W. Villard 
Ave., Milwaukee, Wis. 

Stettner, Fred (B), Engrg. Dept., Victor 
Equipment Co.; (Res.) 179 Estates Dr., 
Piedmont, Calif. 

Stettner, L. W. (B), Pres., Victor Equip. Co., 
844 Folsom St., San Francisco, Calif. 

Stevens, F. E. (C), Asst. Foreman, Jeffrey 
Mfg. Co.; (Res.) 206 N. Harris Ave., 
Columbus, Ohio. 

Stevens, Harry R. (D), Leadingman Welder, 
U.S. Navy Yard; (Res.) 97B Smith S8t., 
Charleston, S. C. 

Stevens, James S. (D), Railroad Mech. 
Specialist, Air Reduction Sales Co., 630 
8. 2nd St., St. Louis, Mo. 

Stevens, Joseph H. (C), Assistant Welding 
Engineer, Cutler Hammer Inc.; (Res.) 
3919 West Scott St., Milwaukee, Wis. 

Stevens, Malcolm S. (C), Asst. Instructor, 
Mass. Inst. of Tech., Cambridge, Mass. 

Stevenson, D. B. (D), Maintenance Welder, 
American Brass Co., Ansonia, Conn. 

Stevenson, Francis A. (C), Welding Super- 
visor, Lockheed Aircraft Corp., Burbank; 
Res.) 571 South St., Glendale, Calif. 

Steward, Douglas P. (B), Ch. Engr., Lorain 
Division, Carnegie-Illinois Steel Corp., 
545 Central Ave., Johnstown, Pa. 

Steward, Harry M. (B), Supt. of Mainte- 
nance, Boston Elevated Railway, 31 St. 
James Ave., Boston, Mass. 

Stewart C. (D), Welding Foreman, R. L. 
Spitzley Htg. Co.; (Res.) 96 Elm S8t., 
River Rouge, Mich. 

Stewart, George (ID), Welder, Cities Ser- 
vice; (Res.) 511 North Palm, Ponca City, 
Okla. 

Stewart, H. M. (B), Welding Engr., Humble 
Oil & Refining Co., Baytown Refinery, 
Baytown, Texas. 

Stewart, J. R. (B), Service Engr., Canadian 
Liquid Air Co., Ltd., 1111 Beaver Hall 
Hill, Montreal, Que., Canada. 

thine: L. L. (C), Salesman, Air Reduction 
Sales Co., Box 2457, Oklahoma City, 
Okla 

Stewart, R. W. (C), Dre aftsman, Air Reduc- 
eee 60 E. 42nd St., New York, 


Stewart, Willard F. (F), Welding Engineer- 


ing Student, Ohio State University; (Res.) 
2126 Indiana Ave., Columbus, Ohio. 
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Stewart, Wm. S. (C), Dist. Sales Mer., 
Lincoln Electric, 12818 Coit Rd., Cleve- 
land, Ohio. 

Stibbs, Edward G. (B), Safety & Inspection 
Engr., Trinidad Leaseholds, Ltd., Pointe- 
A-Pierre, Trinidad, B. W. 1, British West 
Indies. 

Stickney, W. Ralph (B), Welding Engineer, 
Canadian Bridge Company Ltd., Walker- 
ville, Ont., Canada. 

Stierwalt, Roy (D), 
Associated Oil Co.; 
Drumright, Okla. 

Stiff, Lawrence E. (ID), Welde 
Elect. Co.; (Res.) 1511 E. 
cago, Ill. 

Stighmeier, Albert F. (B), Secretary-Treas- 
urer, Master Boiler Makers’ Assn., Gen- 
eral Boiler Department Foreman, N. Y. 
C. R. R. Locomotive Shop; (Res.) 29 
Parkwood St., Albany, N. Y. 

Stine, Wilmer E. (C), Elect. Engr., Bureau 
of Const. & Repair, Room 2122, Navy 
Dept., Washington, D. C. 

Stitt, James Raymond (B), Assistant Pro- 
fessor Welding Engineering, The Ohio 
State University, Columbus, Ohio. 

Stocker, Charles L. (C), Salesman, Lincoln 
Electric Co., 812 Mateo St., Los Angeles, 
Calif. 

Stockfleth, Bert. (B), Works Manager, 
Soule Steel Co., 1750 Army St., San Fran- 
cisco, Calif. 

Stockholm, Seth R. (D), Mgr. & Welder, 
Troy Electric Welding Co. Inc., 145 
River St., Troy, N. Y. 

Stocking, Kenneth O. (C), Junior Engineer, 
U. 8S. Engineer Office, 1709 Jackson, 
Omaha, Neb. 

Stockstill, Prentiss G. (D), Welder, Freeport 
Sulphur Co., Port Sulphur, La. 

Stoffvegen, Karl W. (C), Sales Eng., Pro- 
gressive Welder Co.; (Res.) 838 N. 13th 
St., Milwaukee, Wis. 

Stojowski, Anthony (D), Electric Welder & 
Burner, N. Y. C. Transit System; (Res.) 
1 Brevoort Place, Brooklyn, N. Y. 

Stolba, Edward F. (B), Chief Engineer, New 
England Dept., The Fidelity & Casualty 
Co. of New York, Room 308, 10 Broad 
St., Boston, Mass. 

Stoller, Ed. (D), Inspector, R. G. Le Tor- 
neau, Inc.; (Res.) Rt. 7, University Road, 
Peoria, Ill. 

Stone, Chas. W. (D), Mfg. Sales Agt. Weld- 
ing Equip.; (Res.) 706—6th Ave. So., 
Minneapolis, Minn. 

Stone, E. (C), Dist. Mgr., National Cylinder 
Gas Co.; (Res.) 17219 Ilene Ave., Detroit, 
Mich. 

Stoner, Eliot (C), Chief Engineer, Pacific 
Railway Equipment Co., Box 397, Vernon 
Sta., Los Angeles, Calif. 

Storme, Fred D. (C), Shop Supt., Bethlehem 
Steel Co., Fab. Div., Leetsdale, Pa. 

Storrs, H. A. (C), 1156 Oxford St., Berkeley, 

Yalif. 

Storts, P. O. (D), Welder, Hanna Essex 
Coal Co., Hemlock, Ohio. 

Storz, Melvin (D), 2622 Orchard St., Blue 
Island, Ill. 

Stoudt, John M. (B), 136 W. McMillan Ave., 
Apt. 4, Cincinnati, Ohio. 

Stout, Arthur (B), 
son Dry Dock Inc.; 
New Orleans, La. 

Stovern, Ingram (C), Chief Machinist, Engi- 
neering Sales Company, 720 Clara Ave., 
Sheboygan, Wis. 

Strafhel, Albert (D), Elect. Welder, Cada- 
mus Iron Works; (Res.) 28 Boylan St., 
Newark, N. J 

Strand, Chester E. (D), Welding Operator, 
Pan American Airways, Cristobal, C. Z. 

Strandell, John H. (C), Assoc. Engr., Bureau 
of Engineering, Navy Dept., Washington, 
D. C. 


Forman, Tide Water 
(Res.) P. O. Box 176, 


r, Gregorey 
70th St., Chi- 


Estimator, Todd-John- 
(Res.) P. O. Box 239, 


Strangia, Michael (D), Leading Man Burner, 
Federal Shipbldg. & Dry Dock Co.; (Res.) 
60 Logan Ave., Jersey City, N. J 


ALPHABETICAL LIST OF MEMBERS 


Strathdee, Wallace B. (B 
visor, Westinghouse Electr 
10 High St., Boston Mass 

Straub, Carl F. (B), Pres., Car! F. Straub 
Co.; (Res.) Glen Valley Club, Brecksville, 
Ohio. 

Strauss, Jerome (B), Vice-President, Vana- 
dium Corporation of America, 420 Lexing- 
ton Ave., New York, N. ¥ 

Strecker, Rudy (C), Owner, Peerless Welding 
Co., 265 10th St., San Francisco, Calif 

Streeter, J. Reel (B), Civil Engr., Black, 
Sivall & Bryson Ine.; (Res.) 4510 Lloyd 
Ave., Kansas City, Kans. 

Streithof, C. Perry (C), Structural Division 
Engineer, Dravo Corporation, Engr. 
Works Div.; (Res.) 5 Kingsford Drive, 
Ben Avon, Pa. 

Stricklen, E. E. (D), 
Carnegie-Illinois Steel Corp.; 
Marquett Ave., Chicago, Ll. 

Striebeck, Elmer V. (C), Plant Maintenance, 
International Harvester Co.; (Res.) 5600 
Brookville Road, Indianapolis, Ind. 

Strine, Howard L. (1D), Welder, York Ice 
Co.; (Res.) R. D. 1, York, Pa 

Stringham, L. Keever (C), Development 
Engineer, Lincoln Electric Co., Cleveland, 
Ohio. 

Strissel, Daniel (D), W 4 jer, U. S. E. D.; 
(Res.) 308—3rd Ave. , Glasgow, Mont. 

Stroup, W. M. (D), a Okla. Gas & 
Elect. Co.; (Res.) 1112 N. W. 50th St., 
Oklahoma City, Okla. 

Strumph, Clement (D), Welding Operator, 
124 W. 82nd St., New York, N. Y. 

Struven, Albert L. (B), Construction Mar., 
Arthur G. McKee & Co., 2422 Euclid 
Ave., Cleveland, Ohio. 

Stuckey, Walter A. (B), Supt., Mississippi 
Valley Struct. Steel Co., 25th & Norwood, 
Melrose Park, Ill. 

Studzinski, R. S. (C), Welding Mer., State 
Welding Co.; » (Res.) 32 Somerset St., 
Elmwood, C onn. 

Stuebing, A. F. (C), Railroad Mech. Engr., 
Steel Corp., Carnegie 
Building, Pittsburgh, Pa. 

Stulen, Foster B. (B), Engineer, Curtiss- 
Wright Corp.; (Res.) 26 N. Howard St., 
Bellevue, Pa. 

Stupp, Norman J. (C), Treas. & vhief Engr 
Stupp Bros. Bri ige & Iron Co., 3800 
Weber Rd., St. Louis Co., Mo 

Sturgeon, W. C. (B), Supt. of Tank Shop, 
Elliott Co., Jeannette, Pa 

Sturgess, Robert K. (C), Materials Engineer, 
Douglas Aircraft Corp., Los Angeles 
Calif. 

Styer, C. M. (C), Supt. Structural Division, 
Pacific Car & Foundry Company, 220 
West Hudson St., Seattle, Wash 

Sudo, Kenichi (ID), Welder, Honolulu Plan- 
tation Co.; (Res.) P. O. Box 111, Aiea, 
Oahu, T. H. 

Sugg, L. D. (B), Supervisor, Applied E nerg. 
Dept., Magnolia Airco Prods. Co., P. 
Box 319, Houston, Texas 

Sullins, C. V. (B), Welder, Box 230, Pedro 
Miguel, C. Z 

Sullivan, C. R. (A), Manager, Moore Ma- 
chinery Co., 1699 Van Ness Ave., San 
Francisco, Calif. 

Sullivan, J. F., Jr. (C), Superintendent, 
Structural and Mechanical Division, Con- 
struction Department, Commonwealth 
Edison Company, 72 West Adams St., 
Chicago, Il. 

Sullivan, Raymond E. (1), Welder, New 
England Welding Lab.; (Res.) 65 Lonsdale 
St., Dorchester, Mass 

Sumarokoff, Nicholas ((), Draftsman, West- 
ern Pipe & Steel Co., South San Francisco, 
Calif. 

Summers, William C. (©), Structural De- 
signer, The P anama Canal Res.) Box 

494, Ancon, C. 

Sussman, Harry (B), Senior Naval Archi- 

tect, Navy Yard, New York; (Res.) 2064 
2nd St., Brooklyn, N 

Sutter, E. John (B), Welder, 423 Munford 

St., Schenectady, N. Y 
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Sutton, Jesse M., Jr. (D), Electric Welder, 
Sullivan Dry Dock & Repair; (Res.) 
2517 Ave. D. Brooklyn, N. Y. 

Svendsen, E. (B), Engineer, F. L. Smidth 
& Co., 60 E. 42nd St., New York, N. Y. 
Swaffar, Howard (1D), Welder, Black, Si- 
valls & Bryson Inc.; (Res.) 4200 E. 9th 

St., Kansas City, Mo. 

Swain, Philip W. (B), Editor of ‘Power,”’ 
McGraw-Hill Pub. Co., 330 W. 42nd St., 
New York, N. Y. 

Swan, Harry S. (C), Welding Engineer, 
John A. Roeblings Sons Co., 640 So. 
Broad St., Trenton, N. J 

Swankhous, Fred B. (C), Sales, Electric 
Are Cutting & Welding Co.; (Res.) 48 
Ivy St., Newark, N. J. 

Swanson, George (C), Treas., St. Paul 
Welding & Mfg. Co., 292 Walnut St., St. 
Paul, Minn. 

Swanson, Gustaf A. (C), Supt., The Textile 
Finishing Mach. Co., Box 1515, Provi- 
dence, R. I. 

Swanson, James (B), Foreman, Toro Mfg. 
Co., 3042 Snelling Ave., Minneapolis, 
Minn. 

Swart, Clayton (B), Sales Eng. for Hydro- 
gen Furnace Brazing, National Stamping 
Co., 630 St. Jean Ave., Detroit, Mich. 

Sweesy, D. Floyd (D), 166 Chicago Ave., 
Youngstown, Ohio. 

Sweet, Herbert A. (B), Engineer, Associated 
Factory Mutual Fire Insurance Co., 184 
High St., Boston, Mass. 

Swenson, D. A. (B), Western Iron & Fdy. 
Co., 702 E. 2nd St., Wichita, Kans. 

Swift, A. W. (B), Service Engineer, Handy 
& Harman; (Res.) 319 Cherokee Drive, 
Erie, Pa. 

Swift, Clinton E. (C), Welding Supervisor, 
Young Radiator Co., Racine Wis. 

Swift, Willis C. (C), Welding Engineer, 
Republic Steel Corp., 3100 E. 45th St., 
Cleveland, Ohio. 

Swim, E. H. (C), Supervisor of Welding, B. 
F. Sturtevant Co.; (Res.) 11 Wachusett 
St., Mattapan, Mass. 

Swinford, M. E. (C), Foreman, Emerson- 
Scheuring Tank Co., Indianapolis, Ind. 
Swope, Robert B. (B), President, Southern 

Oxygen Co., Arlington, Va. 

Sykes, George (B), General Publicity Dept., 
Union Carbide Co., 30 East 42nd St., 
New York, N. Y. 

Sylar, Bert L. (C), Salesman, 2501 Cham- 
berlain Ave., Chattanooga, Tenn. 

Sylvester, Walter G. (C), Research & De- 
velopment Engr., Air Reduction Sales 
Co.; (Res.) 379 Bergen Ave., Jersey City, 
N. J. 
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Taber, Clifford (C), Inspector of Welding, 
Met. Water District, 185 So. Oak Ave., 
Pasadena, Calif. 

Tadd, R. W. (B), Mer. Welding Division,, 
Ducommun Metals & Supply Co.; (Res.) 
Box 310, Arcade Sta., Los Angeles, Calif. 

Taddeo, Herman (DD), Student Welder, 
National Institute; (Res.) 144 Scotland 
Rd. Orange, N. J 

Tadlock, J. H. (B), Seattle Branch Manager, 
J. E. Haseltine & Co., 440 Holgate St., 
Seattle, Wash. 

Taft, Harold G. (D), Welding Foreman, 
Draper Corp.; (Res.) 41 Dutcher St., 
Hopedale, Mass. 

Taglienti, Armando (DD), Student Welder, 
National Institute; (Res.) 181 So. Jef- 
ferson St., Orange, N. J. 

Tam, W. (C), Supt., Chicago Bridge & Iron 
Co.; (Res.) 25 Louisa Ave., Greenville, 
Pa. 

Tanberg, Chester (D), Apprentice Welder, 
American Hoist & Derrick Co.; (Res.) 
124 Sims Ave., St. Paul, Minn. 

Tangeman, Chas. L. (C), Assistant to Main- 
tainance Supt., Cincinnati Milling Mach. 
Co., 3030 Griest Ave., Cincinnati, Ohio. 


Tangerman, E. J. (B), Asst. Manager, Ameri- 
ean Machinist and Consulting Editor, 
Power, 330 W. 42nd St., New York, N. Y. 


Tanner, Frank T. (D), 888 Folsom St., San 
Francisco, Calif. 

Tapp, George (D), Instructor Welding, 
Wentworth Institute, Boston, Mass. 

Tapparo, John A. (B), Plant Manager, Na- 
tional Radiator Company; (Res.) 235 So. 
Lincoln Ave., Lebanon, Pa. 

Tarasavage, Joseph (D), Student, Indus- 
trial School of Welding; (Res.) 43 Presi- 
dent St., E. Newark, N. J. 

Tarbell, James (B), Power Sales, Kansas 
City Power & Light Co., 1330 Baltimore, 
Kansas City, Mo. 

Tarbell, Raymond P. (C), Una Welding, 
Inc., 1615 Collamer Rd., E. Cleveland, 
Ohio. 

Tarrier, F. A. (B), Pres., The Tarrier Steel 
Co., 762 Hanford St., Columbus, Ohio. 
Taylerson, John E. (C), Engineering Assis- 
tant, Federal Shipbuilding & Dry Dock 
Co.; (Res.) 154 Union Ave., Rutherford, 

N. d. 

Taylor, Albert A. (D), Welding Foreman, 
Ohio Fuel Gas Co.: (Res.) W. 
Gambier St., Mt. Vernon, Ohio. 

Taylor, Alva E. (D), Research Engineer, 
American Rolling Mill Co., Box 168, West 
Middletown, Ohio. 

Taylor, C. M. (C), Vice-Pres. in Charge of 
Sales, The Lincoln Elec. Co., Brookwood 
Rd., So. Euclid Branch, Cleveland, Ohio. 

Taylor, E. W. (B), V. Pres., Industrial 
Brown Hoist Corp.; (Res.) 135 Washing- 
ton St., Bay City, Mich. 

Taylor, James E. (C), Welding Foreman, 
Black & Decker Mfg. Co.; (Res.) College 
Ave., Lutherville, Md. 

Taylor, John F. (B), Foreman Welder, 
Bethlehem Steel Co., Shipbldg. Div., 
20th & Illinois Sts., San Francisco, Calif. 

Taylor, J. Hall (C), Pres., Tavlor Forge «& 
Pipe Works, P. O. Box 485, Chicago, III. 

Taylor, J. T. (D), Welder, 339 Fairfax Ave., 
Norfolk, Va. 

Taylor, Richard H. (A), Vice-President, 
Electrolovy Company, Inc., 1600 Seaview 
Ave., Bridgeport, Conn. 

Taylor, S. H. (€), 209 Kensington Way, 
San Francisco, Calif. 

Tavlor, S. M. (D), Welder Operator, Lincoln 
Electric Co., Brookwood Dr., So. Euclid, 
Ohio. 

Tebben, J. D. (A), Sales Mgr. Met. Div., 
P. R. Mallory & Co., 3029 E. Washington 
St., Indianapolis, Ind. 

Telfer, Wm. (C), Instructor, University of 
Michigan, Washtenaw Road, Ann Arbor, 
Mich 

Telford, George W. (D), Foreman, Trailer 
Co. of America; (Res.) 6882 Esther Lane, 
Madeira, Ohio. 


Tenes, Laurence N. (1D), Are Welder, Gen- 
eral Electric Co.; (Res.) Box 132 C, R. D. 
1, Schenectady, N. Y. 

Tenney, G. E. (C), Chicago District Man- 
ager, Lincoln Electric Co., 600 W. 41st 
Chicago, Il. 

Tepley, George L. (B), Salesman, Eagle 
Metals Company, 3628 E. Marginal Way, 
Seattle, Wash. 


Terry, Willard A. (C), Sales, General Elec- 
tric Co., 1405 Locust St., Mitten Bldg., 
Phila., Pa. 


Tesmer, A. W. (C), Chief Welding Inspec- 
tor, American Rolling Mill Co., Fabri- 
eating Div., Middletown, Ohio. 


Thaden, Herbert V. (B), Assistant General 
Manager, Hayes Manufacturing Corpora- 
tion; (Res.) 600 Locust 8S. E., Grand 
Rapids, Mich. 

Thames, R. M. (D), Welder, Mid-Continent 
Pet. Co.; (Res.) Rt. 9, Tulsa, Okla. 

Thamme, E. P. (C), Welder, Metropolitan 
Sand & Gravel Corp.; (Res.) 111 Eliza- 
beth St., P. O. Box 242, Farmingdale, 

Thayer, Frank L. (C), 120 Central St., Athol, 

Lass. 

Theisinger, W. Gordon (C), Welding & Met. 
Engr., Lukens Steel Co.; (Res.) 1204 
Walnut 8t., Coatesville, Pa. 
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Thibeau, Dewey R. (B), Steel Erection Fore. 
man, Standard Steel Fabricators; (Res. 
9275—5lst St. So., Seattle, Wash. 

Thibeault, Albert (D), Electric Welde; 
Navy Yard Boston; (Res.) 25 Millet: 
Ave., So. Weymouth, Mass. 

Tholen, Matthew A. (C), Foreman, Link. 
i. Co., 3545 S. Maple Ave., Berwyn 

l. 


Thomas, Charles S. (B), Asst. Metallurgist. 
Jeffrey Mfg. Co.; (Res.) 3128 Indianola 
Ave., Columbus, Ohio. 

Thomas, J. P. (C), Valley Welding Supply 
Co., Box 903, MeAllen, Texas. 

Thomas, Jack R. (B), Sales, Taylor Winfield 
Corp., 2302 Auburn St., Rockford, II! 

Thomas, Richard B. (F), Box 32, Stillwater. 

a. 

Thomas, R. D. (B), Pres., Arcos Corpora- 
tion, 401 N. Broad St., Phila., Pa. 

Thomas, R. David, Jr. (C), Chief Eng 
Arcos Corp.; (Res.) 103 Avon Road 
Narberth, Pa. 

Thomas, T. G. (C), Architect, Comm. Fadi- 
son Co., Rh. 828, 72 W. Adams St., Chi- 
cago, Ill. 

Thomas, Walter J. (B), Welder Foreman 
Consolidated Steel Corp. Ltd.; (Res 
7823 Crockett Blvd., Los Angeles, Calif 

Thomas, William J. (D), Operator, National 
Supply Co.; (Res.) 606 Acacia Ave., Tor- 
rance, Calif. 

Thompson, Arthur C. (C), Supt. Boiler 
Plate and Weld Shop, Koppers Co., Bart- 
lett Hayward Division, 200 Scott St 
Baltimore, Md. 

Thompson, Bruce (D), Welder, Eastmar 
Kodak Co.; (Res.) 128 Merrill St., Roches- 
ter, N. Y. 

Thompson, Clifford (D), Gas Cutter Electri 
Machine Mfg. Co.; (Res.) 1204 Lincolr 
St. N. E., Minneapolis, Minn. 

Thompson, George F. (C), Engr., Wellman 
Engrg. Co., 7000 Central Ave., Cleveland 
Ohio. 

Thompson, H. C. (D), Serviceman, Air Re- 
duction” Sales Co., 1116 Ridge Ave., Pitts. 
burgh, Pa. 

Thompson, Harry T. (B), District Manage: 
Metal & Thermit Corporation, 1514 W 
North Ave., N.S., Pittsburgh, Pa. 

Thompson, Jack (D), Machinist, Apex 
Machine & Mfg. Co.; (Res.) 113 8. Den- 
ver, Tulsa, Okla. 

Thompson, J. H. N. (B), Res. Engr., Joh 
Thompson Water Tube Boilers Ltd 
Ettingshall Works, Wolverhampton, Eng- 
land. 

Thompson, J. W. (C), Branch Superviso 
Air Reduction Sales Co., 940 Kenyon St 
Cincinnati, Ohio. 

Thompson, John W. (D), Welder, Mid- 
Continent Pipe Line Co.; (Res.) 1312 E 
18th St., Tulsa, Okla. 

Thompson, Moreton R. (B), Vice-Pres. in 
Charge of Construction, Southern Coun- 
ties Gas Company of California, §1) 
South Flower St., Los Angeles, Calif. 

Thompson, Perry (C), Welding Shop Owne: 
110 Cayton, Houston, Texas. 

Thompson, Roland B. (C), Foreman, York 
Ice Machinery Co.; (Res.) 572 Penna 
Ave., York, Pa. 

Thompson, Thomas (D), General Mainten- 
ance, Ruppert Brewery; (Res.) 240-0 
Weller Ave., Rosedale, L. L., N. Y 

Thomson, Alexander (B), Engineer, Pacifi 
Car & Fdy. Co.; (Res.) 8409—55th Ave 
So., Seattle, Wash. 

Thomson, Malcom (C), General Electr 
Co., Lynn, Mass. 

Thomson, W. L. (C), Designing Engr., © 
S. Blodgett Co., Inc., Burlington, Vt 

Thornberg, Al (D), Welder, R. G. Le Tour- 
neau Inc.; (Res.) 1815 N. Universit) 
Peoria, Ill. 

Thornton, K. C. (C), The American Ship- 
bldg. Co., Foot of West 54th St. N. W 
Cleveland, Ohio. 


Thow, Frank (C), Marine Draftsman, Th 
American Ship Building Co., Foot West 
54th St., Cleveland, Ohio. 
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Thrapp, George A. (C), Sales Manager, The 
Balbach Company, 1201-7 California St., 
Omaha, Neb. 

Throckmorton, Ralph E. (F), Special Ap- 
prentice, New York, New Haven, and 
Hartford R. R.; (Res.) Watson Ave., 
North Haven, Conn. 

Thum, Ernest E. (C), American Society for 
Metals, 7301 Euclid Ave., Cleveiand, Ohio. 

Thumser, R. C. (C), Plant Engr., Monsanto 
Chemical Co.; (Res.) 3944 Fillmore St., 
St. Louis, Mo. 

Tibbenham, Louis John (C), Managing Di- 
rector, Suffolk Iron Foundry, Stowmarket, 
England. 

Tickle, A. B., Jr. (B), Vice-Pres. & Genl. 
Mer., Arthur Tickle Eng. Works Ine.; 
(Res.) 21 Delevan St., Brooklyn, N. Y. 

Tiegel, Ronald G. (B), Supt. of Constr., 
Pittsburgh Piping & Equip. Co., 10— 
43rd St., Pittsburgh, Pa. 

Tiegiser, James (C), Forman, Thompson 
Products Inc.; (Res.) 2196 Clarkwood 
Rd., Cleveland, Ohio. 

Tierney, J. D. (B), Pres., Storts Welding 
Company, 42 Stone St., Meriden, Conn. 
Tiffin, Wm. T. (B), Instructor in Mechanical 
Engineering, University of Oklahoma, 

Norman, Okla. 

Timmis, Pierce (C), Service Equip. Engr., 
United Engrs. & Const. Co., Inc., 1401 
Arch St., Philadelphia, Pa 

Timmons, J. J. (B), Supervising Engr., 
Fidelity & Casualty Co., 810 Arrott 
Bldg., Pittsburgh, Pa. 

Tingle, J. Leslie (C), Designer, Bethlehem 
Steel Co.; (Res.) R. D. 4, Bethlehem, Pa. 

Tinnon, John B. (B), Sales Manager, Metal 
& Thermit Corporation, 120 Broadway, 
New York, N. Y. 

Tinsley, C. R. (C), Chief Electrician, U. 8. 
Pipe & Fdry, Co., Bessemer, Ala. 

Tisza, Ernest E. (B), Chief Engineer, Wilson 
Welder and Metals Co., Inc., 78 Palisade 
Ave., Box 59, Union City, N. J. 

Todd, Alan (D), Student, Industrial School 
of Welding; (Res.) 70 Rutgers St., Maple- 
wood, N. J. 

Todd, Andrew F. (D), Auto Welder Opera- 
tor, Western Pipe & Steel Co.; (Res.) 
1459 Willard St., San Francisco, Calif. 

Tolan, Richard L. (D), 8124 Crandon Ave., 
Chicago, Il. 

Tomezyk, Joseph (D), Welder, Pioneer 
Engrg. Works: (Res.) 3327 Pierce St. 
N. E., Minneapolis, Minn. 

Tomlin, Alfred J. (D), Electric Welder, 
Cocksbutt Plow Co., 24 East Ave., Brant- 
ford, Ont., Canada. 

Tomlinson, P. H. (C), Met. Farrel Birming- 
ham Co.; (Res.) 110 Westfield Ave., An- 
sonia, Conn. 

Tomlinson, Thos. E. (C), Inspector, South- 
western Laboratories, P. O. Box 1379, 
Fort Worth, Texas. 


Toof, Hermon L. (C), Fabricating Engineer, 
Providence Steel & Iron Co., P. O. Box 
1306, Providence, R. I. 


Torbjornsen, E. (B), Managing Director, 
N. A. Gasaccumulator, Chr. Augustsgt. 
7B, Oslo, Norway. 


Toro, August (C), Comb. Welder, Rains 
Transportation Co.; (Res.) Box 291 
Pinedale, Wyo. 


Torpe, Louis W. (B), Genl. Mgr., Howard 
Welding Unit, Inc., 2417 N. Ashland Ave., 
Chicago, 


Tosh, William (ID), Acety. Welder, American 
Locomotive Co.; (Res.) 1018 Trinity 
Ave., Schenectady, N. Y. 

Toulmin, H. A., Jr. (C), Patent Attorney, 


Toulmin & Toulmin, Mutual Home Bldg., 
Dayton, Ohio. 


Townsend, A. J. (B), Mechanical Engineer, 
Lima Locomotive Works, Inc., Lima, Ohio. 

Townsend, J. R. (A), Materials Standards 
Engineer, Bell Telephone Labs. Inc., 463 
West St., New York, N. Y. 

Townsend, Raymond L. (CC), Sales Repre- 
sentative, Phillips & Easton Supply Co.; 
(Res.) 829 So. Madison St., Wichita, Kans. 
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Townsend, W. M. (B), Works Mer., Mon- 
treal Locomotive Works, Ltd., 215 St. 
James St., W. Montreal, Que., Canada. 

Trainer, Stuart W. (B), Sales Engineer, 
Harnischfeger Corp., 742 Broad St. Sta. 
Bldg., Philadelphia, Pa. 

Trammell, R. H. (C), Manager, Fulton Sup- 
ply Co., Atlanta, Ga. 

Trefts, George M., 3rd (C), Vice-Pres. in 
Charge of Production, Farrar & Trefts, 
Inc., 9 Grimes St., Buffalo, N. Y 

Trela, Peter (C), Elect. & Are Welding, 
Trelas Welding Shop, 14 Columbia Ave., 
Passaic, N. J. 

Tremblay, Lt. (D), Welding Master and 
Mechanic, Hospital St. Michel Archangel, 
46—5E St., Limoilan, Quebec, Canada. 

Trexel, Carl A. (C), Comdr. (CEC) U.S. N.., 
Design Manager Bureau of Yards & Docks, 
Navy Dept., Washington, D. C. 

Trimble, R. U. (C), Owner, Welder, Trimble 
Welding Shop; (Res.) Elizabethtown, Pa. 

Troger, H. H., Jr. (C), Asst. to Genl. Supt. 
Federal Shipbldg. & Dry Dock Co.; (Res.) 
R. D. 1, New Brunswick, N. J. 

Tross, Ernest (B), Plant Megr., United Eng. 
& Fdy. Co., Youngstown, Ohio. 


Trout, Ben (B), Prop. Ben's Garage; (Res.) 
120 E. First St., Burbank, Calif. 


Trub, William (1D), Welder, Lion Welding 
Co.; (Res.) 10 Isabella Ave., Newark, 


IN. 


Trueblood, Richard O. (B), Instructor in 
M.E. & E.E., University of Wyoming; 
(Res.) 505 A South 10th St., Laramie, 
Wyo. 

Tsuruta, Akira (C), 891 3-Chome Matsu- 
bara-Cho, Setagaya-Ku, Tokyo-Shi, 
Japan. 

Tuck, J. H. (B), Supt. Monel Dept., White- 
head Metal Prods. Co. of Can., Port 
Colborne, Ont., Canada. 


Tucker, Norman Albert (C), Welding Engr., 
B. T. H. Co. Ltd.; (Res.) Westgate, West- 
gate Road, Rugby, England 


Tufford, R. D. (C), President, Trades Train- 
ing, Inc.; (Res.) 4744 Clinton Ave., Min- 
neapolis, Minn. 


Tuke, Harry A. (C), Regional Mgr., Truscon 
Steel Co., 700 Investment Bldg., Wash- 
ington, D. C. 


Tullis, H. I. (C), Owner, H. I. Tullis, 1101 
E. Anaheim, Long Beach, Calif. 


Tuomala, J. Evald (D), Cutter & Welder, 
Butler Bros. Mining Co.; (Res.) Box 695, 
Nashwauk, Minn. 


Turk, Earl E. (C), Salesman, National Cyl- 
inder Gas Co.; (Res.) 3223 W. 116 St., 
Cleveland, Ohio. 


Turner, Clyde (D), 23 West 109th Place, 
2nd Floor, Roseland Sta., Chicago, II. 


Turner, Edward G. (D), Welder, Ray & 
Son; (Res.) 1023 No. Carolina St., Louisi- 
ana, Mo. 


Turner, J. D. (C), Sales Engr., National 
Cylinder Gas Co., Oklahoma City, Okla. 


Turner, Merrill H. (C), Secretary, Home 
Oxygen Co. Inc., 2074 Laura Ave., Hunt- 
ington Park, Calif. 


Turner, Thomas (C), Sales Engineer, Bethle- 
hem Steel Co., American Security Bldg., 
Washington, D. C. 


Tuttle, Daniel A. (D), Welding Student, 
Acme Trade Schools, Inc.; (Res.) 145 W. 
78th St., New York, N. Y. 


Tweed, R. (B), Works Manager, Braith- 
waite & Co., Ltd.; (Res.) P. O. Box 427, 
Calcutta, India. 


Tydell, Ernest (1D), Welder, General Deliv- 
ery, Hawthorne, Nevada. 


Tyldesley, Thomas (ID), Student, National 
Institute; (Res.) 40 Highland Ave., 
Kearny, N. J. 


Tyrner, Joseph M. (C), Elect. Engr., Wilson 
Welder & Metals Co.; (Res.) 94 Glen- 
wood Rd., Englewood, N. J. 

Tysick, J. E. (D), Welder, American Laundry 
Machine Co.; (Res.) 15 Otis St., Roches- 
ter, N. Y 


ALPHABETICAL LIST OF MEMBERS 
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Uhl, Ray (C), Met., Henry Disston & Sons, 
Inc., Philadelphia, Pa 

Ujiiye T. (C), Kobe Zosensho, Mitsubishi 
Jukogyo Kabushiki, Kaisha Kobe, Japan. 

Ulimer, Herman (B), Manager, The Linde Air 
Products Company, 30 East 42nd St., New 
Youk, N. Y. 

Underwood, B. O. (C), Chief Engr., The 
Boardman Co., Oklahoma City, Okla. 
Underwood, C. M. (B), Senior Welding 
Engr., U. 8S. Naval Gun Factory; (Res.) 
17 Westwood Drive, Westmoreland Hills, 

Washington, D. C. 

Unger, Arthur M. (A), Development Engr., 
Pullman-Std. Car Mfg. Co., 11001 8. 
Cottage Grove Ave., Chicago, Il. 

Unger, M. (C), Electric Engr., General Elee- 
tric Co.: (Res.) 51 McKinley Terr., Pitts- 
field, Mass. 

Urban, John (D), Foreman, Pullman-Std. 
Car Mfg. Co.; (Res.) 12428 Harvard 
Ave., Chicago, Ill. 

Uribe, Manuel (D), Welder, H. R. L. Ine., 
600 James St., Seattle, Wash 

Urquhart, Thornton (C), Chief Engineer, 
Taylor Winfield Corp., 15120 Woodward 
Ave., Highland Park, Mich. 

Ursem, Earl N. (1D), Welder, American 
Manganese Steel Co.; (Res.) 5700-—S8th 
Ave., Los Angeles, Calif. 


Vv 
Valukas, Albert (1D), Welder, Gas & Electric, 
American Brass Company; (Res.) Davis 


and Colonial Sts., Oakville, Conn 

Van Aernem, Ralph E. (1), Electric Are 
Welder, American Locomotive Co.; (Res. 
R. D. 3, Ballston Spa, N 

Van Alstyne, G. (C), Advertising Manager, 
Air Reduction Sales Co., 60 E. 42nd St., 
New York, N. Y 

Van Buren, M. H. (B), Engineering Exami- 
ner. Munic#bal Civil Service Comm.; 
(Res.) 480 Clinton Ave., Brooklyn, N. Y. 

Van Craen, Alphonse (©), Managing Di- 
rector, Electro-Soudure Thermi (Res. 
7 Rue G. Gillekens, Vilvorde, Belgium 

Vanderbeek, H. A. (C), Asst. Engr., Amer- 
ean Bridge Co.,71 Broadway, New York, 
N. Y 


Van Dreser, M. J. (©), Welding Engr., The 
McKay Co.; (Res.) Elm Terrace Apta., 
York, Pa 

Van Dyke, E. E. (©), 
Products Co.; (Res 
Peoria, Il 

Van Epps, W. E. (CC), General Foreman, 
Rochester Gas & Elect. Corp.; (Res.) 
83 Macbeth St., Rochester, N. Y 

Van Gorder, K. E. (1), Arc Welder, Com- 
monwealth Edison Co.;: (Res.) 2617 Wal- 
nut St., Blue Island, Ill 

Van Horn, V. C. (1D), Maize Garage, Box 
145, Maize, Kans 

Van Horne, C. F. (1D), Serviceman, Applied 
Engrg. Dept., Air Reduction Sales Co., 
200 Summit Ave., Johnstown, Pa 

Van Iten, Marvin (1D), Welder, Whiting 
Corp.; (Res.) Rt. 1, Hammond, Ind 

Van Leuven, E. P. (D), Instructor, Bakers- 
field Junior College; (Res.) 2716—2I1st 
St., Bakersfield, Calif 

Van Orner, L. (C), Inspection Supervisor, 
Jones & Lauglin Steel Co., Alquippa, Pa. 

Van Ouwerkerk, L. (©), Manager, The 
Roentgen Tech. Service, 217 Ryksweg, 
Overschie, The Netherlands 

Vansant Elmer B. (A), Shop Supt., Baden- 
hausen Corp., Cornwells Hghts., Bucks 
Co., Pa. 

Van Wart, W. B. (B), Vice-Pres., Wyatt 
Metal & Boiler Works, P. 0. Box 3052, 
Houston, Texas 

Vaught, John E. (DD), Welder, Cincinnati Gas 
& Elec. Co., West Ward Power Sta.; (Res.) 
329 Foote Ave., Bellevaue, Ky 

Veihl, Ernest E., Jr. (C), Asst. Engr., Gen- 
eral Steel Castings Corp., Eddystone, Pa. 

Veith, Joseph (1D), Welder, Gen. Electric 
Co., Beech Tree Lane, Essex Fells, N. J. 
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Vendl, Thomas (1D), Welder, International 
Harvester Co.; (Res.) 1950 South Avers 
Ave., Chicago, Ill. 

Verch, Allen A. (DD), Foreman, Welding and 
Cutting Dept., Sunshine Waterloo Co.; 
(Res.) 83 Patricia Ave., Kitchener, Ont., 
Canada. 

Viberg, E. R. (C), Asst. Vice-Pres., Canadian 
Car & Fdy. Co., Ltd., P. O. Box 160, Mon- 
treal, Que., Canada. 

Vick, Alvin C. (C), Asst. Supt., The Stevens 
Meta! Prod. Co., Niles, Ohio. 

Vickery, Jess F. (C), Specialist, General 
Electric Co., 4966 Woodland Ave., Cleve- 
land, Ohio. 

Viohl, Herbert K. W. (B), Chief Engr., 
Benjamin F. Shaw Co., Wilmington, Del. 

Vitello, Peter A. (D), Electric Welding 
Operator, Foster W heeler Corp.; (Res.) 
45 E. Grand St., Rahway, N. 

Vock, Louis G. (C), Travelling eit. Metal 
& Thermit Corp., 7300 8. Chicago Ave., 
Chicago, Ill. 

Vogel, Andrew (C), Engineer, General 
Electric Co.; (Res.) 1821 Lenox Road, 
Schenectady, N. Y. 

Vogel, Carl S. (B), Welding Engineer, Edg- 
comb Steel Co., D & Erie Ave., Phila., Pa. 
Vogel, Chas. (D), Welder & Burner, H. M. 
Wells & Sons Boiler and Iron Works. 

(Res.) Rt. 1, Alexandria, Ind. 

Voldrich, C. B. (C), Associate Materials 
Engineer, Office of Supervisor of Ship- 
building, U. 8. Navy, Newport News, Va. 

Volk, D. E. (D), Welder, Electric Machinery 
Mfg. Co.; (Res.) 3355 Thomas Ave., No., 
Minneapolis, Minn. 

Volkel, Ellis (D), Welder, Perrysville, Ind. 

Volpert, Wm. (B), Proprietor, Volpert Weld- 
ing Shop, 28 W. 2nd, Peru, Ind. 

Volz, Fred O. (C), Sales Engr., Lakeside 
Bridge & Steel Co.; (Res.) 6812 Hillcrest 
Drive, Wauwatosa, Wis. 

Vom Steeg, E., Jr. (B), Welding Specialist, 
General Elec. Co., 570 Lexington Ave., 
New York, N. Y. 

Von Haase, Walter (C), The American Ship 
Building Co., Ft. of West 54th St. N. W., 
Cleveland, Ohio. 

Voorhies, Nicholas M. (C), District Are 
Welding Specialist, General Electric Co., 
1801 N. Lamar St., Dallas, Texas. 

Voss, Otto C. (B), Supt., Allis-Chalmers 
Co., 1226 W. Wiscave, Milwaukee, Wis. 
Vreeland, John J. (B), Metallurgical Engi- 
neer, Chase Brass & Copper Co. Inc., 

Waterbury, Conn. 

Vrooman, G. C. (C), Detroit Edison Co., 
2000 Second Ave., Detroit, Mich. 

Vuchnich, M. N. (C), Welding Engr., Lin- 
coln Elec. Co. of Canada, 65 Bellwoods 
Ave., Toronto, Ont., Canada. 
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Wagaman, C. B. (D), Welding Operator, 
York Ice Machinery Corp.; (Res.) 424 
W. Philadelphia St., York, Pa 

Wagner, Fred (C), Burning Foreman, West- 
ern Pipe & Steel Co.; (Res.) 448—14th 
St., San Francisco, Calif. 

Wagner, Gerhard (C), 233 Broadway, New 
York, N. Y. 

Wagner, J. F. (C), Sales, The Burdett Oxy- 
gen Company; (Res.) 4322 Woodbridge 
Ave., Cleveland, Ohio. 

Wagner, Wm. S. (C), Plant Engr., 
delphia Coke Co., 
Philadelphia, Pa. 

Wagstaff, John P. (C), Struct. Engr., Bureau 
of Yards & Docks, Navy Yard; (Res.) 
1915 No. Danville St., Arlington, Va. 

Wait, J. R., Jr. (B), Supt. Construction, 
Compressor Stations Gasoline Plants, J. 
8. Abercrombie Company, 2105 Gulf 
Building, Houston, Texas. 

Walbridge, Robert P. (D), X-Ray Tech- 
nician, Lakeside Bridge & Steel Co.; 
(Res.) 5425 N. 39th St., Milwaukee, Wis. 

Walcott, William Daniel (C), Inspecting 
Engr., Hydro Electric Power; (Res.) 620 
University Ave., Toronto, Ont., Canada. 
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Waldie, Robert C. (B), Manager, Williams 
& Co., 901 Penn. Ave. N. S., Pittsburgh, 
Pa. 

Waldman, R. O. (C), Western District 
Manager, Chicago Steel & Wire Company, 
1043 Bryant St., San Francisco, Calif. 

Wales, C. Clarke (B), Genl. Mgr., Hamilton 
Bridge Co., 231 N. Bay St., Hamilton, 
Ont., Canada. 

Walker, George H. (B), Supervisor of Weld- 
ing, American ‘Locomotive Co., 100 Or- 
chard St., Auburn, N. Y. 

Walker, Henry O. (B), Chief Engineer, 
Hammond Iron Works, Warren, Pa. 

Walker, J. P. (C), Pres., National Tank Co., 
Box 1588, Tulsa, Okla. 

Walker, John A. (ID), Welder, Ford Motor 
Co.; (Res.) 1346 Bernard Rd., Windsor, 
Ont., Canada. 

Walker, K. (C), Foreman, Welding Dept., 
Bucyrus Erie Co.; (Res.) 3721 S. Herman 
St., Milwaukee, Wis. 

Walker, Kenneth L. (1D), Foreman, Foster- 
Wheeler Corporation, Carteret, N. J. 

Walker, Walter Francis (C), Chief Engr., 
Herbert Morris Crane & Hoist Co., P. O. 
Box 180, Niagara Falls, Canada. 

Walker, William (D), Welder, Ingersoll- 
Rand; (Res.) 584 Roseberry St., Phillips- 
burg, N. J 

Wall, A. S. (B), Engr., Dominion Bridge Co., 
P. O. Box 280, Montreal, Que., Canada. 

Wall, William E. (D), Welder, Lincoln Elec- 
tric Co.; (Res.) 12479 Cedar Rd., Cleve- 
land Hts., Ohio. 

Wallace, F. D. (A), Vice-Pres., J. D. Adams 

fg. Co., 217 S. Belmont Ave., Indian- 
apolis, Ind. 

Wallace, Laurence A. (C), Research Engi- 
neer, Atlantic Steel Co., P. O. Box 1714, 
Atlanta, Ga. 

Wallace, Robert M. (B), Asst. Supt., The 
Griscom-Russell Co., Massillon, Ohio. 

Wallace W. L. (A), Genl. Mgr., Manitowoc 
Shipbuilding Co., Manitowoc, Wis. 

Walling, Jesse (1D), Welder, C. F. Lytle; 
(Res.) 621 W. Outing, Denison, Texas. 

Walling, Lloyd (B), Welder, Socony Vacuum 
Oil Co., Apartado 246, Caracas, Venezuela, 
8S. A. 

Walls, Charles (D), The Whiting Corp., 
Harvey, Ill. 

Walsh, William J. (D), Electric Arc hy 
Robbins’ Dry Dock & Repair Co. cd 
235 Stratford Road, Brooklyn, N.. 

Walter, C. S., Jr. (C), Shop Foreman, Bel- 
mont Iron Works, Royersford, Pa. 

Waltimyer, Marion (D), Welder, York Safe 
& Lock Co.; (Res.) 1519 N. George St., 
York, Pa. 

Walz, Gottlieb (D), Welding Supervisor, 
Lakeside Bridge & Steel Co.; (Res.) 2325 
N. 65th St., Milwaukee, Wis. 

Wampler, Claude P. (C), Jr. Engr., A. O. 
Smith Corp.; (Res.) 3383 No. 29th, Mil- 
waukee, Wis. 

Wang, Ray H. (C), Erecting Engr., The 
Superheater Co., East Chicago, Ill. 

Ward, L. E. (D), Operator, Wm. A. Pope 
Co.; (Res.) 7152 Cornell, Ave., Chicago, 
Ill. 

Ward, Nairne F. (B), Associate Prof. of 
M.E., University of California, 232 Me- 
chanics Bldg., Berkeley, Calif. 

Ward, R. E. (D), Electric Welder, Mathie- 
son Alkali Works; (Res.) McCrady, Va. 
Ward, R. E. (B), 777 E. Washington Blvd., 

Los Angeles, Calif. 

Ward, W. E. (B), Chief Draftsman, Clearing 
Machine Co.; (Res.) 1132 Hollycourt, 
Oak Park, Ill. 

Warden, Robert W. (D), Elec. Welder First 
Class, Panama Canal, P. O. Box 624, 
Diable Hats., C. Z. 

Warmington, Thomas J. (B), Plant Mer., 
Wm. Bros. Boiler & Mfg. Co., Nicollet 
Island, Minneapolis, Minn. 

Warneka, Lloyd D. (C), Welding Foreman, 
921 Taylor Ave., Scranton, Pa 
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Warner, William L. (C), Assoc. Met. Eng. of 
es Watertown Arsenal, Watertown. 
Mass. 

Warnke, Eldon (C), Foreman, R. G. Ie 
Tourneau Inc.; (Res.) 129 Pierson St., 
E. Peoria, Ill. 

Warren, Harold B. (B), Vice-President, 
Thomson Gibb Electric Welding (Co 
4—-120 General Motors Bldg., Detroit. 
Mich. 

Warren, William B. (B), Marine Surveyor, 
American Bureau of Shipping; (Res 
Box 267, Pascagoula, Miss. 

Warriner, R. E. (B), Engr., International 
Nickel Co., 915 Shoreham Bldg., Wash- 
ington, D. C. 

Wasson, John W. (B), Engineer, The von 
Hamm-Young Co. Ltd., Box 2630, Hono- 
lulu, T. H. 

Watkins, Franklin (B), Foreman, R. G. Le 
Tourneau, Inc.; (Res.) 509 Hayward, 
Peoria, Iil. 

Watson, Charles G. (B), President, The 
Youngstown Welding & Engineering Co., 
Box B, West Side Sta., Youngstown, Ohio. 

Watson, C. O. (B), Sales, Taylor-Winfield 
Corp., 543 W. Washington Blvd., Chicago, 
Ill. 


Watson, G. G. (C), Mech. Engr., Bureau 
Power & Light, City of Los Angeles; 
(Res.) 508 S. Van Ness Ave., Los Angeles, 
Calif. 

Watson, G. V. (C), Flour City Welding Co., 
2937 Third Ave., So., Minneapolis, Minn. 
Watson, O. E. (C), 3818 Washington, Kan- 

sas City, Mo. 

Waugh, J. E. (C), Welding Engrg. Dept., 
General Electric Co.; (Res.) 37 Imperial 
Ave., Cohoes, N. Y 

Weaber, J. A., Jr. (C), Gen. Mgr., Union 
Boiler & Mfg. Co., 301 N. 4th St., Lebanon, 
Pa. 

Weaver, Robert C. (D), Operator, Bethlehem 
Shipbuilding Corp., San Francisco, Calif. 

Weaver, Roy C. (D), Welder, York Safe & 
Lock Co.; (Res.) 710 Beaver St., Lancaster, 
Pa. = 

Webb, Eugene (C), Chief Inspector, 5t. 
Louis Dept., Hartford Steam Boiler Insp. 
and Ins. Co., 617 Security Bldg., 5t. 
Louis, Mo. 

Webb, W. W. (A), Plant Supt., Benjamin F. 
Shaw Co., Wilmington, Del. 

Webb, Wylie (D), Gas-Elect. Welding, 
Robert Harrison Co.; (Res.) 336 Amory 
St., Jamaica Plain, Mass. 

Webber, Wm. C. (C), Quaterman Boiler- 
maker, Navy Yard, Washington, D. C. 
Weber, Charles P. (C), Sales Representative, 
Hobart Brothers Company, 5935 Baum 

Bivd., Pittsburgh, Pa 

Weber, Leroy E. (C), Chief Engineer, 
Skelly Oil Company, Eldorado, Kans. 

Weber, Oscar E. (B), Chief Draftsman, 5. 
Morgan Smith Co., York, Pa 

Weber, William (D), Welder, Helwig Weld- 
ing; (Res.) 531 So. 21st St., Irvington, 
N. J. 

Weekes, James H. (C), Salesman, Union 
Carbide Co.; (Res.) 125 W. Main 5t., 
Oyster Bay, N. Y 

Weeks, Charles S. (C), Welding Inspector, 
Metropolitan Water, Dist. of So. Calil.; 
(Res.) 6415 Haas Ave., Los Angeles, Call. 

Weeks, M. (C), Shop Foreman, Wyatt 
Metal & Boiler Wks., Box 3052 , Houston, 
Texas. 

Wehmeyer, Clarence W. (C), Chief Engi- 
neer, Heine Boiler Division, Combustion 
Engineering Co., 5319 Shreve Ave., 5t. 
Louis, Mo. 

Wehr, William G. (B), Gen. Supt., Cleveland 
Crane & Engineering Co., W ickliffe, Ohio. 

Weigel, Albert (B), Vice-President, Combus- 
tion Engineering C son ig Inc., 200 
Madison Ave., New York, N. Y. : 

Weiger, Joseph A. (B), Vice-President, P. 
ag & Co., Inc., 3029 E. Washington 

., Indianapolis, Ind. 


sty Cal. (C), Supt. at Body Plant, Hud- 
son Motor Car Co., Gratiot Plant, Detroit, 
Mich. 
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Weil, Edward H. (D), District Manager, 
Portland Office, The Lincoln Electric Co., 
660 N. Thompson St., Portland, Ore. 

Weiler, Ernest (D), Welder, Baker Oil Tool 
Co., 6925 San Luis, Bell, Calif. 

Weiler, Herbert G. (B), Owner, Weiler Weld- 
ing Co., 318 East 2nd St., Dayton, Ohio. 
Weinberg, Philip H. (A), Sales Engr., Phila- 
delphia Elec. Co., 1000 Chestnut St., 

Philadelphia, Pa. 

Weinert, G. (C), Designer, Federal Ship- 
bldg. & Dry Dock Co.; (Res.) 548 Day 
Ave., Ridgefield, N. J. 

Weinman, Roy F. (D), Welder, Bacon Vul- 
canizer Mfg. Co., Emeryville, Calif. 

Weinman, Rudolph A. (B), 1725 Becker St., 
Schenectady, N. Y. 

Weisbecker, T. R. (C), Designer, Trane Co.; 
(Res.) 1210 East Ave. So., La Crosse, Wis. 

Weisenberger, Fred (C), Partner, Bridge- 
town Welders, Sta. L, Louisville Pk., 
Cincinnati, Ohio. 

Weisgerber, Les (C), Sales Representative, 
Commercial Gas Co.; (Res.) 4850 Chicago 
Ave., Minneapolis, Minn. 

Weiss, George (D), Welder, Chrysler Motor 
Corp.; (Res.) 632 So. Eastman Ave., Los 
Angeles, Calif. 

Weiss, George F. (A), General Foreman, 
Ramapo Ajax Corp.; (Res.) 2503 Blue 
Island Ave., Chicago, III. 

Weiss, Joseph H. (C), Salesman, Trex Engi- 
neering Supply Co., 611 McCarter High- 
way, Newark, N. J. 

Weiss, Orin Andrew (B), Consulting Engi- 
neer, Mechanical Design Plant Layout, 
P. O. Box 19, Station C, New York, N. Y. 

Weissenburger, C. O. (C), Pres., Marietta 
Mfg. Co., Point Pleasant, W. Va. 

Weissinger, Walter F. (C), Asst. Supt., 
Pullman Standard Mfg. Co.; (Res.) 10 
Jeppon Ave., Worcester, Mass. 

Weist, M. M. (C), Manager, Air Reduction 
a Co., 3100 So. Homan Ave., Chicago, 


Welch, E. T. (C), Welding Instructor, 
Chattanooga Vocational High School; 
(Res.) 215 Chestnut St., Chattanooga, 
Tenn. 

Welch, H. L. (D), Time Study Analysis, 
Reed Roller Bit Company; (Res.) 312 
West 32nd St., Houston, Texas. 

Welch, Jerome (B), Welding Engineer, 
Cutler-Hammer, Inc.; (Res.) 3273 N. 
Seventeenth St., Milwaukee, Wis. 

Welch, Loyd (B), Welding Inspector, South- 
western Laboratories, P. O. Box 1618, 
Dallas, Texas. 

Welch, Lyman (D), Welder, Eastman Kodak 
Co.; (Res.) East St., Pittsford, N. Y. 

Welcomb, C. D. (C), Supervisor, Applied 
Eng. Dept., Air Reduction Sales Co., 7991 
Hartick St., Detroit, Mich. 

Weldon, J. J. (C), Welding Supervisor, 
General Electric Co.; (Res.) 112 Crom- 
well Ave., Pittsfield, Mass. 

Welke, Elmer (D), Methods, Graduate App., 
Gleason Works; (Res.) 20 De Jonge St., 
Rochester, N. Y. 

Weller, Robert C. (C), Proprietor, Buffalo 
Welding Supply Co., 37 East Ferry St., 
Buffalo, N. Y. 

Welling, Harry H. (D), Welder, Geo. Welling 
& Son.; (Res.) 2105 Reading Road, Cin- 
cinnati, Ohio. 

Wells, C. G. (B), Engr. & Secy.-Treas., 
National Tank Co., Box 1588, Tulsa, Okla. 

Wells, R. K. (C), Lieut. Comdr., U. 8. Navy, 
Board of Inspection and Survey, Navy 
Department, Washington, D. C. 

Welter, Gustave (B), Vice-Pres., The Bige- 
low Co., Box 706, New Haven Conn. 

Wendel, George A. (D), Welder, Bloomfield 
Boys Vocational School; (Res.) 838 Jack- 
son Ave., Elizabeth, N. J 

Wendelgass, Andrew J. (D), Gas Welder, 
Pfaudler Co.; (Res.) 421 Carter St., 
Rochester, N. Y. 

Wescott, George A. (D), Welder, Boston 
Navy Yard; (Res.) 109 Old St., Ran- 
dolph, Mass. 
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Wessman, Arnold (CC), Radiologist, % Chi- 
cago Bridge & Iron Co., Parker Dam, 
Calif. 

West, John D. (C), Engr. (M.E.), Manito- 
woc Shipbldg. Co.; (Res.) Rt. 2, Manito- 
woc, Wis. 

West, Robert D. (C), Engr., Manitowoc 
Shipbldg. Corp., Manitowoc, Wis. 

Westendarp, O. Henry (C), Sales Engineer, 
General Electric Co., 244 Union S8t., 
Schenectady, N. Y 

Westfall, John W. (C), East Longmeadow, 
Mass. 

Westin, Edward (B), Foreman, Machine 
Shop, Twin City Lines, Snelling & Uni- 
versity Ave., St. Paul. Minn. 

Weston, C. R. (C), Pres., Weston Welding 
Co.; (Res.) 76 Oldis St., Rochelle Park, 

Wetherby, B. R. (C), Sales Representative, 

he Champion Rivet Co., 403 Donovan 
Bldg., Detroit, Mich. 

Whaley, B. L. (C), Whaley Brothers, 45- 
15—2\1st St., Long Island City, N. Y. 

Whaley, M. L. (C), Flame Hardening, 
National Cylinder Gas Co.; (Res.) 4649 
Malden St., Apt. 3E, Chicago, Ill. 

Whaley, William (C), Manager, Magnolia 
Airco Gas Products Co., Box 996, Fort 
Worth, Texas. 

Wharton, John O. (C), Prop., National 
Welding & Grinding Co., 2929 Canton 
St., Dallas, Texas. 

Wheatley, John G. (C), Supt., Engrg. Dept., 
Royal Indemnity Co., 150 William St., 
New York, N. Y. 

Wheeler, K. V. (B), Vice-President, Ameri- 
can Steel Castings Co., Avenue L & Ed- 
ward St., Newark, N. J. 

Wheeler, William S. (B), Vice-Pres. and 
Treas., Pennsylvania Engineering Works, 
New Castle, Pa. 

Whitcomb, L. K., Jr. (C), Carnegie-Illinois 
Steel Corp., Carnegie Bldg., Sales Engrg. 
Dept., Pittsburgh, Pa. 

White, Alfred (D), Welder, Delco Appliance 
Corp.; (Res.) 405 Avenue D, Rochester, 

White, Alfred B. (C), Research Engineer, 
Westinghouse Elec. & Mfg. Co.; (Res.) 
173 Penwood Ave., Wilkinsburg, Pa. 

White, Bernard L. (D), Welder, Aluminum 
Corp. of America; (Res.) 470 No. Dean 
St., Englewood, N. J. 

White, Dan (C), Jr. Mechanical Engineer, 
U. 8S. Civil Service; (Res.) 133 S. Third 
St., Buckroe Beach, Va. 

White, Herbert (C), Sales Engineer, Lincoln 
Electric Co., 926 Manchester Bivd., 
Pittsburgh, Pa. 

White, J. R. (B), Manager & Part Owner, 
Southern Inspection Service Ltd., 3400 
Houston Ave., Houston, Texas. 

White, Lloyd Y. (C), Govt. Sales (Engrg.), 
H. H. Robertson Co., 905 Washington 
Bldg., Washington, D. C. 

White, Louis (D), Nite Quarterman, Bethle- 
hem Steel Co.; (Res.) 71 Cleverly court, 
Quincy, Mass. 

White, Marvin E. (C), Pres., Welding Gas 
Prods. Co., 821 E. 11th St., Chattanooga, 
Tenn. 

White, Merle W. (D), 219 W. Howell, Mar- 
celine, Mo. 

White, Raymond E. (B), Manager, Hemphill 
Schools, Inc., 3128 Queens Blvd., Long 
Island City, N. Y. 

White, Roy (D), Welder, Spencer Trailer 
Co., Augusta, Kans. 

Whitehead, Edward (B), Mfrs. Rep., Tay- 
lor-Winfield Corp., 1025 Investment Bldg., 
Washington, D. C. 

Whitehurst, S. R. (C), Pres. & Treas., 
Whaley Engineering Corp., Princess Anne 
Road & Virginian R.R., Norfolk, Va. 

Whitley, Wilson W. (D), Certified Pipe 
Welder, Sun Oil Co.; (Res.) 5115 Spring- 
field Ave., Philadelphia, Pa. 

Whitmer, Floyd C. (C), 2198 Bunts Rd., 
Lakewood, Cleveland, Ohio. 


ALPHABETICAL LIST OF MEMBERS 


Whitmire, Clyde P. (1D), Welder, Mid-Con- 
tinent Refinery: (Res 726 N. Frank- 
fort St., Tulsa, Okla. 

Whitney, George W. (B). Met., Baash-Ross 
Tool Ce.: (Res.) 2855 Grand Ave., Hunt- 
ington Park, Calif. 

Whitney, James Theodore ((), Pres., and 
Engineer, The Whitney Engineering Co., 
100 Arlington St., Boston, Mass. 

Whittemore, Carl R. (C), Res. Met., Deloro 
Smelting & Refining Co., Deloro, Ont., 
Canada. 

Whittemore, H. L. (C), Chief of Eng. Mech. 
Section, Natl Bureau of Standards; 
(Res.) 3906 McKinley St. N. W., Wash- 
ington, D. C. 

Whittlesey, Harold C. (C), Const. Struct. 
Engr., 525 N. Normandie Ave Los 
Angeles, Calif. 

Wicker, Milton G. (C), Salesman, Air Re- 
duction Sales Co.: (Res.) 4222 Loch 
Raven Blvd., Baltimore, Md 

Wicks, William P. (C), Director, Wicks 
Welding School, 24-15 Bridge Plaza 
North, Long Island City, N. ¥ 

Wiebe, Alden H. (1D), Helper, Southern 
Calif. Gas Co.: (Res.) 1629 W. 49th St., 
Los Angeles, Calif. 

Wiegand, Louis F. (1D), Welder, Valley 
Cornish & Slate Co.; (Res.) 2223 Dela- 
ware Blvd., Saginaw, Mich. 

Wiemann, Albert W. (C), Plant Engr., 
Armour Leather Co.; (Res.) 1418 Oakland 
Ave., Sheboygan, Wis. 

Wierschem, Henry (C), Structural Engineer, 
Lakeside Bridge & Steel Co.; (Res.) 4116 
No. 17th St., Milwaukee, Wis. 

Wiese, H. D. (B), Prop., Superior Welding 
Co., 331 Knoxville Ave., Peoria, Lil 

Wiesner, Arthur J. (C), President, The 
Wiesner-Rapp Co., Inc., 212 Winchester 
Ave., Buffalo, N. Y. 

Wiff, Roon W. (D), Elect. Welder, Panama 
Canal, Box 1020, Balboa, C. Z. 

Wiggin, A. (Df, Welder, U. 8. Govt., Box 145, 
Balboa Heights, C. Z. 

Wigton, Matt H. (B), Welding Division En- 
gineer, The Bastian-Blessing Co.; (Res.) 
839 Sheridan Rd., Chicago, Ul. 

Wikoff, Alan G. (B), Union Carbide Com- 
pany, 30 East 42 St., New York, N. Y. 
Wilburn, Walter R. (C), Sr. Partner, Auto. 
Gar., Weld. Co., Wilburn’s Garage, De- 

catur, Ga. 

Wilch, Frank A. (C), Harnishchfeger Corp., 
1514 Prospect Ave., Cleveland, Ohio 

Wilcox, Dale R. (F), 1900—3lst St., San 
Diego, Calif. 

Wilder, Arthur, B. (C), Research Metallur- 
gist, Jones and Laughlin Steel Corp., 104 
Newburn Drive, Mt. Lebanon, Pittsburgh, 
Pa. 

Wilder, Leon G. (B), Chief Engineer, Wilder 
Ground Clamp Co., 760 Baldwin St., 
Elmira, N. Y. 

Wildman, Oliver (D), Welder, Eunice Weld- 
ing Works, Box 304, Eunice, N. Mex. 

Wiley, Frank (B), Factory Supt., Ewa 
Plantation Co.; (Res.) Box 91, Ewa, T. 
H. 


Wiley, George L. (B), Welding Supt.. Mid- 
Continent Pet. Corp.; (Res.) Box 226, 
West Tulsa, Okla. 

Wilhelm, A. J. (B), Plant Supt., Clearing 
Machine Corp.; (Res.) 7907 Wellington 
Ave., Elmwood Park, Ill. 

Wilhelm, Frank J. (C), Engrg. & Sales, 
Welded Construction, The Dayton Fabri- 
cated Steel Co., 1300 E. Monument, 
Dayton, Ohio. 

Wili, Albert T. (D), Shipfitter, U. S. Navy; 
(Res.) U.S.S. Argonne, San Pedro, Calif. 
Wilke, R. H. (D), Foreman, General Electri 
Co.; (Res.) 1116 Phoenix Ave., Schenec- 

tady, N. Y 

Wilkins, E. L. (B), Salesman, Magnolia 
Airco Prods. Co., P. O. Box 319, Houston, 
Texas. 

Wilkinson, O. F. (C), Supervisor, Air Re- 
duction Sales Co., 630 So. 2nd St., St. 
Louis, Mo. 
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Willard, Raymond, Jr. (F), Richards House, 
Lehigh University, Bethlehem, Pa. 

Willey, R. C. (C), Planning & Rate Setting, 
General Electric Co.; (Res.) 1551 Chrysler 
Ave., Schenectady, N. Y. 

Williams, Alton H. (1D). Student, National 
Institute; (Res.) 365 Maple St., Kearny, 
N. 


Williams, Arthur L. (C), Standards Engr.. 
Federal Machine & Welder Co.; (Res.) 
546 Hazelwood Ave. 8S. E., Warren, Ohio. 

Williams, A. M. (C), Welder, Wellman 
Engrg. Co.; (Res.) 2234 Bellfield Ave., 
Cleveland Htgs., Ohio. 

Williams, E. B. (B), Naval Architect, The 
American Ship Building Co., Ft. of W. 
54th St., Cleveland, Ohio. 

Williams, Edwin O. (C), Asst. Manager, 
Victor Equipment Co., 3821 Santa Fe 
Ave., Los Angeles, Calif. 

Williams, F. H. (B), Asst. Test Engr., 
Canadian National Rys.; (Res.) 71 Corn- 
wall Ave., Town of Mt. Royal, Que., Can- 
ada. 

Williams, Jack E. (B), District Manager, 
The Linde Air Products Company, 422 
No. Washington Ave., Minneapolis, Minn. 

Williams, Joe (D), Welding Instructor, Reed 
Roller Bit Co.; (Res.) 1548 Courtlandt 
St., Houston, Texas. 

Williams, Leslie N. (C), Welding Dept., 
Black, Sivalls & Bryson, Inc.; (Res.) 5815 
Kingslee Drive, Hickman Mills, Mo. 

Williams, Robt. D. (C), Asst. Instructor 
Mech. Engrg., Shop Labs., Dept. of Mech. 
Engrg., Univ. of Illinois, Urbana, II. 

Williams, Roy E. (D), Welding Operator, 
Lincoln Electric Co.; (Res.) Deephaven 
Park, Rt. 2, Wayzata, Minn. 

Williams, Sylvester, V. (C), A. O. Smith 
Corp.; (Res.) 8136 Rockaway Place, Wau- 
watosa, Wisc. 

Williams, Thos. R. (C), Dist. Mgr... Com- 
pressed Industrial Gases, 1410 Cowart 
St., Chattanooga, Tenn. 

Williamson, Arthur J. (C), Chief Metal- 
lurgist, Summerill Tubing Company, 4th 
St., Bridgeport, Pa. 

Williamson, Boyce (C), Ingalls Shipbuilding 
Corp.; (Res.) P. O. Box 92, Homewood 
Br., Birmingham, Ala. 

Williamson, George F. (B), Chief Met., 
Darby Corp., Kansas City, Kans. 

Willins, G. L. (C), Welding Engineer, 
Champion Rivet Co., Cleveland, Ohio. 
Willis, Cecil C. (C), Asst. Supt. of Genera- 
tion, Okla. Gas & Electric Co., 3rd & 

Harvey, Oklahoma City, Okla. 

Willis, George H. (C), Asst. Foreman, 
Jeffrey Mfg. Co.; (Res.) 206 Otentangy 
St., Columbus, Ohie. 

Willis, James (D), Welder—Electric & Gas, 
Keystone Steel and Wire Co., 124 Garfield 
Ave., Bartonville, Il. 

Willison, Ernest (C), Engr., Dravo Corp.; 
(Res.) 611 Nevin Ave., Sewickley, Pa. 

Willot, Jack (B), Genl. Foreman, Electro- 
Motive Corp.; (Res.) 3548 Scoville Ave., 
Berwyn, II. 

Wills, C. A. (A), Vice-Pres. & Gen. Megr., 
Wm. B. Pollock Co., Youngstown, Ohio. 
Wills, John A. (D), Welder, Eastman Kodak 

gS (Res.) 6 Marjorie Court, Rochester, 


Wills, J. Gordon (C), Engineer, Blaw Knox 
Co., 600 Maryland Ave., Oakmont, Alle- 
gheny Co., Pa. 

Wilson, A. R. (B), Engr. of Bridges and 
Buildings, Penna. R. R., Broad St. Sta- 
tion, Phila, Pa. 

Wilson, Charles R. (D), Welder, Minn. 
Sheet Metal Works; (Res.) Sentinel Butte, 
N. Dak. 

Wilson, Chester M. (D), Comb. Welder, 
Sunday Creek Coal Co.; (Res.) Box 56, 
Corning, Ohio. 

Wilson, F. Douglas (B), District Engineer, 
The Austin Company, Room 1200, 510 
N. Dearborn St., Chicago, II. 

Wilson, Francis W. (C), Pres., Wilson Engi- 
neering Corp., Harvard Square, Cam- 
bridge, Mass, 
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Wilson, G. G. (C), Equipment Designer, 
Eastman Kodak Co.; (Res.) 330 Somer- 
shire Dr., Rochester, N. Y. 

Wilson, James W. (C), Sr. Marine Engr., 
Dept. of Commerce, Bureau of Marine 
Insp. & Navigation; (Res.) 6811 Exeter 
Rd., Bethesda, Md. 

Wilson, John A. (B), Engineer, Wyatt Metal 
& Boiler Works, P. O. Box 5418, Dallas, 
Texas. 

Wilson, John H. (B), President, Wilson Mfg. 
Co., Ine., Box 329, Wichita Falls, Texas. 
Wilson, J. Lyell (C), Asst. Ch. Surveyor, 
American Bureau of Shipping, 24 Old 

Slip, New York, N. Y. 

Wilson, Loy (B), Pipe Line Construction, 
O. C. Whitaker, P. O. Box 2619, Tulsa, 
Okla. 

Wilson, R. B. (1D), % Hamilton Bridge Co., 
West End Plant, Bay & Barton St., Ham- 
ilton, Ont., Canada. 

Wilson, R. G. (C), Sales, National Cyl. Gas 
Co., 1410 Cowart St., Chattanooga, Tenn. 

Wilson, R. G. (C), Genl. Foreman, Quaker 
City Iron Works, Aramingo Ave. & On- 
tario St., Philadelphia, Pa. 

Wilson, Ralph L. (C), Metallurgical Engi- 
neer, Climax Molybdenum Company, 1101 
First National Bank Bldg., Canton, Ohio. 

Wilson, Robert M. (C), Welding Engineer, 
General Electric Co.: (Res.) 14 Evelyn 
Place, Bloomfield, N. J. 

Wilson, Ross (C), Welding Engr., Big Three 
Welding & Equip. Co.; (Res.) 710 W. 
7th Place, Tulsa, Okla. 

Wilson, Samuel A. (C), Estimator Design- 
ing Engr., Bethlehem Steel Co.; (Res.) 
1539 Maple St., Bethlehem, Pa. 

Wilson, T. F. (B), Bastian-Blessing Co., 240 
E. Ontario St., Chicago, Ill. 

Wilson, Wayne E. (C), Sales Promotion, 
General Electric Co., Schenectady, N. Y. 

Wilson, Wilbur M. (B), Res. Prof. Struct. 
Engrg., 118 Talbot Lab., University of Illi- 
nois, Urbana, IIl. 

Wilt, Luther A. (D), Asst. Supervisor of 
Welding, S. Morgan Smith Co.; (Res.) 
R. D. 3, Dover, Pa. 

Wimmer, Clifford (C), Welder, Asst. Fore- 
man, Keystone Steel & Wire Co.; (Res.) 
1104 Ann St., Peoria, Il. 

Wineck, Fred S. (D), 1094 Hudson Ave., 
Rochester, N. Y. 

Wineland, Carl (D), Electric & Acty. Weld- 
ing, Electric Mach. Co., 7329 Colfox Ave. 
So., Minneapolis, Minn. 

Wing, George Sherman, Jr. (C), Develop. 
Engr., The Linde Air Prods. Co.; (Res.) 
11 Park Place, Bloomfield, N. J. 

Wingert, Byron E. (D), Owner, Welding 
Engineers, 524 W. Howard St., Hagers- 
town, Md. 

Winkelman, Harvey E. (C), Dist. Sales 
Megr., National Cylinder Gas Co., 4620 
Este Ave., Cincinnati, Ohio. 

Winneberger, J. H. (B), J. B. Klein Iron & 
Fdy. Co., Oklahoma City, Okla. 

Winship, Ralph (C), Sales, Columbia Steel 
Co.; (Res.) 5537—26th N. E., Seattle, 
Wash. 

Winter, M. A. (C), Salesman, 409—11 W. 
Calif. Ave., Oklahoma City, Okla. 

Winterkamp, Frederick (B), Design Engi- 
neer, Carnegie-Illinois Steel Corp., Engi- 
neering Dept., Ohio Works, Youngstown, 
Ohio. 

Winthorpe, James (CC), Cost Analyst, Com- 
bustion Engrg. Co.; (Res.) 5205 Sunbeam 
Ave., Chattanooga, Tenn. 

Winton, Robert P. (B), Welding Engr., 
Norfolk & Western Ry., Roanoke, Va. 
Wirtz, Wm. (D), Welding Foreman, Kohler 

Co., Kohler, Wis. 

Wise, Benjamin L. (C), Chief Electrical En- 
gineer, Federal Machine & Welder Co.; 
(Res.) 377 Butler Road, Warren, Ohio. 

Wise, Mark (D), Student, National Insti- 
tute; (Res.) 1189 Broad St., Newark, 
N. J 


Wise, Marshall (D), Electric Pipe Welder, 


West Va. Pulp & Paper Co.; (Res.) 2 
Judith St., Charleston, S. C. 
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Wishart, William (B), Principal Surveyor 
for Gulf District, American Bureau of 
Shipping, 1412 Hibernia Bank Building. 
New Orleans, La. 

Witte, Albert M. (C), Salesman, Taylor. 
Winfield Corp.: (Res.) 729 Grand Ay 
Dayton, Ohio. 

Wolbert, Chas. (B), Estimator, Heltze! 
Steel Form & Iron Co., Warren, Ohio. 

Wolf, Richard (B), Consulting Railway & 
Welding Engineer, % W. Boerner, 3909 
Greystone Ave., New York, N. Y. 

Wolfe, Geo. F. (B), Estimator, Chairman of 
Welding Committee, Dravo Corporation 
Neville Island Station, Pittsburgh, Pa 

Wolfe, Harry W. (B), Gen. Mer., Great 
Northern Tool & Supply Co., Billings, 
Mont. 

Wolfe, Jonathan (B), Asst. Supt. of Track 
& Roadway, Chicago Surface Lines: 
(Res.) 7700 Cregier Ave., Chicago, III. 

Wolfel, R. C. (D), Foreman in Charge of 
Welding, Pollak Steel Co.; (Res.) 206 
West Church St., Marion, Ohio. 

Wolfenden, John T. (C), Salesman, Hobart 
Bros. Co., 6715 Carnegie Ave., Cleveland, 
Ohio. 

Wolk, Benjamin (D), Welding Instructor, 
South Boston High School, 91 Nightin- 
gale St., Dorchester, Mass. 

Wolter, Wm. J. (C), Secretary-Treasurer, 
Sturgeon Bay Shipbuilding & Dry Dock 
Co., Sturgeon Bay, Wis. 

Wood, A. P. (C), Consulting Mech. Eng., 
General Elec. Co., Motor Gen. Eng. 
Dept., Bldg. 41, Schenectady, N. Y 

Wood, James F. (C), Fleet Engineer, Pitts- 
burgh Steamship Company, 1600 Rocke- 
feller Building, Cleveland, Ohio. 

Wood, Robt. F. (B), Asst. to Mr. Corse, 
Wm. M. Corse Chem. & Met. Engr., 810— 
18th St. N. W., Washington, D. C. 

Woodrough, Kendal A. (C), Inspector, 
Structural Work: (Res.) J. R. Worcester 
& Co.; (Res.) 72 Arlington St., Newton, 
Mass. 

Woods, Carl E. (D), Welding Operator, 
Electric Mach. Co.;: (Res.) 22 W. Grant 
St., Minneapolis, Minn. 

Woods, G. W. (C), Develop. Engr., Hughes 
Tool Co., Houston, Texas. 

Woods, Paul H. (C), Mechanical Supt., 
Tide Water Associated Oil Co., Associ- 
ated, Calif. 

Woods, Wylie (D), Owner & Operator 
Wylie Woods Mach. Works, 127 8S. Hall 
St., Princeton, Ind. 

Woodside, F. Lloyd (B), Metallurgist, 
Climax Molybdenum Co. of Michigan, 
14410 Woodrow Wilson Ave., Detroit, 
Mich. 

Woodward, Foster R. (C), Engr., Federal 
Mch. & Welder Co.; (Res.) 1031 Central 
Pkwy. 8S. E., Warren, Ohio. 

Woodward, James P. (D), Are Welder, 
Federal Shipbuilding & Dry Dock Co. 
44 Elm Rd., North Caldwell, N. J. 

Woodworth, Walter Z. (D), Welder, West 
Va. State Board Commission; (Res 
Burlington, W. Va. 

Woofter, H. A. (B), Consulting Engr. 
16545 Blackstone Ave., Detroit, Mich 
Woolman, F. G. (D), Boilermaker & Welding 
Foreman, Cities Service Oil Co., Box 1300 

Ponea City, Okla. 

Workman, James C. (B), Chief Engineer 
The American Ship Building Company, 
Foot West 54th St., Cleveland, Ohio. 

Workman, S. F. (C), Factory Supt., Frick 
Co.; (Res.) 135 Snider Ave., Waynesboro 
Pa. 

Worth, A. F. (D), Welder, Lockheed Aitr- 
craft, Burbank, Calif. 

Worth, Sid. L. (D), Bridge Const. 
Cattaraugus County Highway _ Dept.; 
(Res.) 111 Mill St., Little Valley, N. Y. 

Wray, S. S. (C), Salesman, Eccles & Davies 
Mach. Co., 1910 Santa Fe Ave., Los Ange- 
les, Calif. 

Wright, D. C. (C), Const. Mgr. Engr., 3425 
Wenonah, Berwyn, 
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Wright, John P. (B), Prod. Mgr., Inter- 
national Filter Co., 329 W. 25th Place, 
Chicago, Il. 

Wright, Paul (B), Mech. Engr., Paul Wright 
& Co., 244 Brown-Marx Bldg., Birming- 
ham, Ala. 

Wright, S. J. (D), Welding Supervisor, Nor- 
folk & Western R. R., Roanoke, Va. 

Wright, W. C. (D), Welding Engr., Reed 
Roller Bit Co.; (Res.) 258 Evans St., 
Houston, Texas. 

Wustrack, Paul O. (D), Supt., Ramapo 
Ajax Div., American Brake Co., Niagara 
Falls, N. Y 

Wyant, Robert A. (C), Research Feliow in 
Welding, Rensselaer Polytechnic Institute, 
Dept. of Metallurgy, Troy, N. Y 

Wyer, R. F. (C). Welding Engr., General 
Electric Co., Schenectady, N. Y. 

Wynn, Arthur R. (D), Asst. Foreman, Beth- 
lehem Steel Co., 913 North Hill Road. 
Baltimore, Md. 

Wyse, Robert (C), Welding Instructor, 
A. O. Smith Corp.; (Res.) 3306 No. 29th 
St., Milwaukee, Wis. 

Wyss, J. C. (C), Methods & Standards, Re- 
liance Elec. & Engrg. Co.; (Res.) 1838 Allen- 
dale Ave., East Cleveland, Ohio 


Y 


Yarrow, Ross J. (C), Supt.. Consolidated 
Iron & Steel Co.; (Res.) 1324 Irene Rd.., 
Lyndhurst, Ohio. 

Yates, Ira B. (B), Genl. Mgr., Wilson Welder 
Metals Co., 60 E. 42nd St., New York, 
N. Y. 

Yehle, H. C. (D), Sheet Metal, Gleason 
Works; (Res.) 222 Garford Road. Roches- 
ter, N. Y. 

Yessler, R. B. (B), Consulting Architect, 
Martin-Parry Corp., % E. A. Burrows, 
Southern Bldg., Washington, D. C. 

Yetter, Gilbert L. (C), Engineer, U. 8. Bu- 
reau of Reclamation, Coulee Dam, Wash. 

Yingling, James A. (©), Foreman, York Ice 


Mach. Corp., 208 Cottage Hill Road, 
York, Pa. 


Yoch, August H. (C), Applied Engrg. Dept.., 
Air Reduction Sales Co.; (Res.) 4519 
York Road, Phila., Pa 

York, Ralph L. (B), Mgr. & Welder, York & 
Co.; (Res.) Bandon, Ore 

Young, Austin A. Welding Engr.., 
A. B. King & Co.; (Res.) 194 Chapel St.., 
New Haven, Conn. 

Young, Almon P. (B), Assoc. Prof. Mech. 
Eng., Michigan College of Mining & 
Technology, Houghton, Mich. 

Young, C. A. (B), Secretary, American Pe- 
troleum Institute, 1205 Continental Build- 
ing, Dallas, Texas. 

Young, Chas. D. (B), District Manager, 
Metal and Thermit Corp.; (Res.) 7300 
So. Chicago Ave., Chicago, II] 

Young, Charles R. (C), Builder and Contrae- 
tor, 101 Essex Ave., Bloomfield, N. J. 
Young, P. W. (D), New England Welding 
Labs., 88 St. Stephens St.. Boston, Mass 
Young, Raymond A. (B), Pres.. Young 
Sales, Inc., 1032 So. 41st St., Milwaukee, 

Wis 

Young, Willard A. (C), Treas., Young Sales, 
Inc., 1032 So. 41st St., Milwaukee, Wis. 

Youngberg, Richard W. (C), Foreman & 
Welder, The Ingersoll Milling Mach. Co.: 
(Res.) 1233—6th Ave., Rockford, Il. 

Yuhasz, Elek (C), Developing, G. L. Martin 
Co.; (Res.) 3620 Mary Ave., Baltimore, 
Md 


Z 


Zahn, Otto (CC), Salesman, Compressed 
Indust. Gases, Inc.; (Res.) 4410—17th 
Ave., Kenosha, Wis. 

Zappa, Anthony M. (1D). Welder, Electric 
Machine Mfg. Co.; (Res.) 2305 E. 24th 
St., Minneapolis, Minn. 

Zarnecki, Henry (1D), Welder, Gas & Elec- 
tric, National Transportation Co.; (Res.) 


144 Hooper St., Brooklyn, N. J. 

Zech, Chester (ID), Welder, Warner Mfg. Co.: 
(Res.) 3323—4lst Ave. S., Minneapolis, 
Minn. 

Zeigler, H. F. (B), Asst. Sales Mgr., Hollup 
Corp., 3357 W. 47th Place, Chicago, Il. 


Zeilman, R. H. (B), Chief Engineer, The 
Thew Shovel Co., 236 Hamilton Ave., 
Elyria, Ohio 

Zentgraf, Lesley (10), Arc Welder, Oilgear 
Co.; (Res.) Crestwood Sub., Rt. 9, Mil- 
waukee, Wis. 

Zenz, Otto P. (B), Welding Equipment Sales, 
Emerson-Electric Mfg. Co., 1824 Washing- 
ton Ave., St. Louis, Mo 

Ziegler, A. Addis (B), Mer. of Sales, Morris, 
Wheeler & Co. Inc., Fox St. & Roberts 
Ave., Philadelphia, Pa 

Ziegler, L. C. (C), Power Sales Engr., The 
Ohio Public Service Co., Sth & Broadway, 
Lorain, Ohio 

Ziemer, Clarence (1)). Welder, R. G. Le 
Tourneau, In Res.) Rt. 1, Elmwood, 
Ill 

Zimmerman, C. F. ((), Asst. Service Megr., 
R. G. Le Tourneau, Inc., Peoria, Il 

Zimmerman, Donald M. ((), Foreman, York 
Safe & Lock Co.; (Res.) 1350 W. King St., 
York, Pa. 

Zimmerman, Gene H. (Ff), Electrical Main- 
tenance, Carnegie-Ill. Steel Corp.: (Res.) 
6842 Lafayette Ave., Chicago, Il 

Zimmerman, John H. (B Development 
Manager, The Linde Air Products Com- 
pany, 30 East 42nd St., New York, N. Y. 

Zimmermann, Oliver E. (4), Managing Di- 
rector, % Luis Menchaca Y Cia. Ltd., 
Casilla 1081, Santiago, Chile, 8. A 

Zinkand, Wm. C. (C), Super. of Welding, 
Frick Co.; (Res 35 Philipps Ave., 
Waynesboro, Pa 

Zorn, William (B), Genl. Forman Welding, 
Detroit Edison Co.: (Res.) 15096 Harrison 
Drive, Allen Park, Mich 

Zornman, W. W. (C), Welding Supervisor, 
H. H. Robertson (Res.) 2236 Shelby 
St., New Albany, Ind. 

Zouck, George H. (C), Mechanica! Engineer, 
Balmar Corporation, 2413 Ken Oak Road, 
Baltimore, Md 

Zullo, Basil (A, 2027 E. 35th St., Brooklyn, 
N. 


Zweig, William F. (C), Mechanical Designer, 
Office Engineering Div., Panama Canal; 
(Res.) 1420 Amy Ave., Whiting, Ind 
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ALABAMA 


Bessemer— 
Dabbs, Gurley 
Rodgers, William 
Sleeman, W. C. 
Tinsley, C. R. 

Birmingham— 
Adams, Julien W. 
Begley, Frank 
Beldon, Arthur J. 
Blesi, John E. 
Braun, E. W. 
Deas, R. R., Jr. 
Durstine, John E. 
Flood, Joe P. 
Holmes, D. O. 


Jones, Russell E., Sr. 
Jones, Russell E., 


Jr. 
Ledbetter, R. H. 
Lindsey, I. T 


MackK enzie, James 


McAtee, F. E. 
McCaghren, J. R. 


McFarland, James 


Michaels, E. E. 
Millar, C. S. 

Nickell, K. V. 
Palmer, Robert 


Perry, John L., Jr. 


Pinckney, C. Cc. 
Poole, William L. 
Post, W. A. 
Price, Herman G. 
Roberts, W. P. 
Ross, Paul 


Sannemann, William 


Williamson, Boyce 

Wright, Paul 
Ensley— 

Kunze, A. E. 


Gadsden 
Korner, C. E. 


Maxwell Field— 


McLain, Ben M. 


Mobile— 
Griser, John M. 


ARIZONA 
Ajo 
Haggard, C. R. 
Douglas- 
Rowley, Carl F. 


Scottsdale— 
Lincoln, J. C. 


CALIFORNIA 
Albany— 
Burge, Kenneth A. 


Alhambra— 
Blennerhassett, L. I 
Cadwell, Ralph K. 
Cutler, Ralph W. 
Earl, Lloyd R. 
Kelly, W. E. 
Lucas, John W. 
Patterson, Guy 


Associated—— 
Woods, Paul H. 


Azusa— 
Philleo, Rolland A. 


Bakers field— 


Beveridge, Edwin F, 


Blackman, E. N. 
Hammett, H. R. 
Meyer, Arthur 
Smith, F. B. 

Van Leuven, E. P. 


Bell— 


Ball, D. A. 
Weiler, Ernest 


LIST OF MEMBER 


(NOVEMBER 1, 1940) 


Bellflower — 
Harshman, Chester 


E 
Huffman, Shelton B. 
Ireland, B 


Berkeley— 
Graham, Walter B. 
Jansen, Richard M. 
Raitt, George H. 
Storrs, H. A. 
Ward, Nairne F. 


Brisbane 
Evans, James K. 


Burbank— 
Erickson, Harry A. 
Foster, John H. 
Kennon, Lorenzo 
Messersmith, John 
Trout, Ben 
Worth, A. F. 


Burlingame— 
Bloom, Carl A. 


Compton— 
Bertelsen, Linn 


Concord— 
Farrer, P. M. 


Crockett— 
Carlson, C. L. 


Downey— 
Schexschnider, Lee 


El Segundo— 
Maradudin, Alexei 


Purcell , John P. 


Emeryville— 
Bollinger, J. Gale 
Grant, C. E., Jr. 
Saunders, Harold W. 
Weinman, Roy F. 


Fresno— 
Emmert, Keith 


Glendale— 
Eastman, Leslie E. 
Stevenson, Francis 
A. 


Hollywood— 
BE. J. 


Huntington Park— 
Bockemohle, C. L. 
A 


Butz, W. H. 
Dexter, D. O. 
Karnes, Nelson J. 
Levyn, Stanley M. 
Steadman, W. C. 
Turner, Merrill H. 
Whitney, George W. 


Inglewood— 
Ricker, Wm. S 


Lomita— 
McBride, G. B. 


Long Beach— 
Black, William A. 
Tullis, H. 1. 


Los Angeles— 
Adcock, Ralph K. 
Allen, Clayton M. 
Armstrong, C. D. 
Babbitt, C. A. 
Baker, H. U. 
Blake, James C. 

r. 

Bruton, James J. 
Buehler, Walter A. 
Campbell, Se F. 
Canfield, E. 
Carlson, A. 
Cheney, William B. 
Cipperly, BE. J. 
Clotfelter, R. A. 


Arranged Geographically 


Cottrell, W. P. 
Cummings, W. E. 
Darke, J. B. 
Daugherty, M. R. 
De Camp, Ray E. 
Emery, Frank C. 
English, Walter W. 
Etter, Harold P. 
Gignoux, 


Greyerbiehl, ‘Harold 


Hanson, Roy E. 
Heddell, Douglas 
Heinmiller, P. M. 
Horne, L. V. 
Hough, Fred 
House, Chas. W. 
Hughes, Paul B. 
Johansen, Edwin B. 
Johnston, A. P. 
Johnston, Merkle C. 
Julien, A. R. 
Klein, Al 
Kreiner, Paul 
Lacy, Walter P. 
Lane, Harry A. 
Laulhere, Bernard 
Layfield, Elwood 
Le Master, R. M. 
Lessak, William 
Livermore, Claude 
PF 


Lutz, Everett P. 

Mariette, E. H. 

McCartney, James 
Ww 


McDonald, E. L. 

McElfish, P. D. 

McGhie, Roland W. 

McGinley, Francis 


McGinnis, C. E. 
Morrill, = L. 
Murcell, U. C. 
Newton, E. 

Noll, Paul E. 
Parsons, G.S 
Patterson, W. K. 
Pegram, W. A. 
Pickarts, J. D. 
Powers, J. A. 

Priest, Chas. H., Jr. 
Reavis, C. G. 

Reese, C. E 
Roberts, C. W. 
Rork, Frank C. 
Sander, C. P. 
Scherrer, Robert 
Schlittler, H. F 
Schooley, F. Wayne 
Sherer, C. H. 

Smith, Turner C. 
Smith, R. William 
Smith, W. Walter, 


Jr 
Sparks, H. H. 
Stocker, Charles L. 
Stoner, Eliot 
Sturgess, Robert K. 
Tadd, R. W. 
Thomas, Walter J. 
Thompson, Moreton 


R. 
Ursem, Earl N. 
Ward, R. E. 
Watson, G. G. 
Weeks, Charles 5 
Weiss, George 
Whittlesey, Harold 


Wiebe, Alden H. 
Williams, Edwin O, 
Wray,5S. 5. 


Lynwood- 


Fred 


Maplewood — 


Smith, Willard F. 


Mare Island— 


Clinkscale, Roy 
Sledge, Lieut. A. 


Martinez— 
Bacon, Russel R. 


Maywood— 
Johnston, C. W. 


Mill Valley— 
McCoy, Robt. 


Monrovia— 
McMullen, L. A. 


North Hollywood— 


Cannon, Walter B., 


Jr. 
McGuire, H. K. 
North San Diego— 
Steele, E. R. 


Oakland— 
Barker, J. E. 
Blair, Vaughn B. 
Brown, John A. 
Cassimus, Mark A. 
Cook, Ray 
De Freitas, P. J. 
Faison, James H. 
Hamby, Jack N. 
Jones, George 
Josephian, Wm 
Morris, Geo. R. 
Price, Donald D. 
Schmidt, William 
Smith, Art 

Oxnard— 
Sorensen, W. C. 


Palo Alto 
Durand, W. F. 


Harcourt, Robert H. 


Mertz, E. R. 


Parker Dam— 
Wessman, Arnold 


Pasadena — 
Clark, Donald S. 
Clough, Frank H. 
Taber, Clifford 


Piedmont— 
Stettner, Fred 


Redwood City— 
Erwin, E. Daniel 
Faverty, Ray R. 

Richmond— 
Fischer, Michael 
Huff, B. W. 


Patterson, Harold A. 


Rio Vista 
Nelson, Julius 
Riverside— - 
Brown, R. Earl 


Sacramento— 
Berry, Edwin 
Bunnell, John M. 
Estrada, W. J. 
Korn, Kenneth E. 
Odell, Wray N. 
Rose, Lambert V. 


Salinas— 
Curtis, Wm. F. 


San Bruno— 
Brink, Harrison S. 


Brink, Harrison S., 


Jr. 
Coil, Lloyd F. 
Horn, N. B. 


San Diego— 
Earnest, L. E. 
Mahan, B. 
Wilcox, Dale R. 


San Francisco— 
Ashley, C. C. 
Barnes, L. T. 
Bechtel, S. D. 
Bertala, P. H. 
Bloodgood, C. M. 
Brown, Frank 
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Chaney, Harold P. 
Chapman, R. B. 
Christy, Robert E. 
Commins, E. A. 
Conor, Frank 
Constanz, H. E. 
Cook, Fredk. S. 
Cunningham, Jack 
Daniels, E. A. 
Delhi, L. W. 

Dukes, Marcus R. 
Elsener, L. A. 
Foley, Walter J. 
Griasnoff, Serge G. 
Grundell, Leonard 


E. 
Hart, Clyde 
Hawley, A. L., 
Henderson, L. 
Hoag, L 
Huhn, James M. 
Pete C. 
King, K. V. 
LaForce, Jean 
Langston, R. 
Lehman, Jack 
Leonhauser, A. O. 
Logan, C. 
Long, Richard H. 
Machee, A. J. 
Maltseff, Michael 

N 


Mannion, Thos. F. 
Martin, W. 
Mason, James H. 
Mathy, Ernest L. 
McNeal, Lewis A. 
Minnotte, Charles F. 
Owens, C. R. 

Page, F. A. 

Phelps, Arthur H. 
Phillips, Horace P. 
Pratt, Howard N. 
Reichert, William L. 
Rendall, Chester 
Roe, Leslie 
Rooney, T. R. 
Sanner, Walter E. 
Sargent, Harold F. 
Schroeder, Otto 
Smith, Charles S. 
Snow, Walter A. 
Snyder, Gerald P. 
Spear, Robert D. 
Steckel, Frederick R. 
Stettner, L. W. 
Stockfleth, Bert. 
Strecker, Rudy 
Sullivan, C. R. 
Tanner, Frank T. 
Taylor, John F. 
Taylor, 5. H. 

Todd, Andrew F. 
Wagner, Fred 
Waldman, R. O. 
Weaver, Robert C. 


San Jose— 


Hansen, Angus 


Sorensen, Martin C. 


San Pedro— 


Battin, Franklin V. 


Brown, C. S. 
Ley, Harry a 
Petsche, R. A 
Wili, Albert T. 


Santa Monica— 
Coghlan, S. F. 
Reno, R. W. 


Santa Paula— 
Atmore, Guy D. 


Santa Rosa— 
Haines, Mark 


South Gate—. 
Bisbee, D. P. 


De Long, Charles E. 


Grohs, Fred 
Mant, Frank H. 


South Pasadena 
Grant, Edmund G, 
Newby, Howard L. 


South San Francisco— 
Aldrich, Wm. 
Battistini, A. L. 
Ferrari, E. 

Kremer, Eugene C. 

Patterson, Cecil B. 

Sumarokof, Nicho- 
as 


Stockton— 
Beebe, Erle J. 
Bradbury, L. George 


Torrance— 
Rowe, Rudolph 
Thomas, William J. 


Trona— 
Edleman, Leo A. 


Vallejo— 
Dietrich, Nevin M. 
Keeney, Ray 
Payne, Fred 
Rule, J. O. 


Venice— 
Farnsworth, R. D. 


Vernon— 
Donohue, John J. 
Haynes, A. R. 
Lintvedt, Halvard 


West Los Angeles 
Duff, Gordon 
Roach, Harold 


Whittier— 
Spence, J. R. 

Wilmington— 
Frishholz, C. E. 

COLORADO 

Denver— 
Applegate, C. W. 
Brown, Thomas R. 
Creager, H. W. 
Gallegly, Ray 
yarrett, Gairald H. 
Hussion, Wm. T 
Johnson, J. H. 
Kilgore, Gordon 
LeBaron, R. P. 
Liston, Earl C. 
Odell, Aden G. 


Greeley— 
Copeland, Harvey 5 


Hasty— 
Jenkins, Osce O., Jr 


Heeney— 
Roggow, H. A. 


CONNECTICUT 
Ansonia— 

Erler, J. 

Mitchell, James R. 

Stevenson, D. B 

Tomlinson, P. H. 


Bridgeport— 
Elwood, E. S., Jr. 
Flanigan, J. G. 
Kelso, George W. 
Leach, Robert H. 
Morris, Alan 
Schneider, Edward 

A 


Taylor, Richard H 


Cos Cob— 
Dresher, C. 5 


Derby— 

Gesner, Hobart E 
Devon— 

Jones, Glen W. 


Elmwood— 
Studzinski, R. S. 


G 
: 
‘ 
‘ 
I 
; 
( 
* 
6 
| | — 
¥ 
| 
|| 


yard 


roton 
G Adsit, Edwin A. 


tiord 
:son, William 
+ h. Edwards R 
Fresher, George S 
Goodwin, J. L 
MacFayden, Mal- 
colm 
Perry, Bernhard H. 
Powell, Marselis 
Reese, Dale F. 


Meriden 
rierney, J. D. 


Middletown— 
Crowell, Tracy 


Milford— 
Bissell, Kenneth B. 
Paul, Albert J. 


New Britain— 
Parsons, John S. 


New Haven— 
Churchward, Jack 
Farnham, M. A. 
Hammond, Charles 


Hook, Ira T. 
Johnson Seth 
King, Alfred B. 
Miller, John S 
Pennington, H. A. 
Ruepping, Fritz 
Welter, Gustave 
Young, Austin A. 


North Haven — 
Throckmorton, 
Ralph E. 


Oakville— 
Valukas, Albert 


South Norwalk— 
Bittner, Henry 


Waterbury 
Babin, John 
Candee, Ellsworth 


Crampton, D. K. 
Gallo, Francis A. 
Vreeland, John J. 


Waterford— 
Horan, Thomas F., 


r 
Keeler, Nelson Her- 
bert 


West Hartford— 
Halsey, Wm. D. 


West Haven— 
Imperati, Joseph 


Westport— 
Horelick, Michael 
Johnson, W. E. 


DELAWARE 


Schlosser, H. B 


Holly Oak— 
Hays, Athel V. 


Wilmington— 
Esslinger, Fred J. 
Saul, Harry H. 
Smith, J. F 
Herbert K. 


Webb, W. W. 


DISTRICT OF 
COLUMBIA 


Adair, John G. 
Anthony, Chas. C. 
Bates, James L. 
Bissell, A. G 
Bradfield, Geo. K. 
Britt, Oscar L. 
Bryan, Jr. 
Bunn, W. 
Burrows, A. 
Carleton, Hugh E. 
Carlson, Chas A. 
Chappe lear, J. A. 
Clarke, Neil A. 
Coleby,Comdr. Fran- 
cis J. 
Cowling, James G. 
Crecea, John D. 
Derr, Geo. M. 
Dietz, Wm. F. 
Dormer, John A. 
Eberhardt, Jacob, Jr. 
Eiwen, Chas. J. 
Ellinger, Geo. A. 
Enzian, I. Richard 
Faweett, Lewis H. 
Frankland, John M. 


1940 


Grable, Godfrey 
Hamill, Thomas E. 
Hiemke, Hugo W. 
Hill, Joe H 
Hodges, Earle 
Hogan, Howard K. 
Hough, C. T., Jr. 
Huester, Harry J. 
Ingram, Harry L. 
Jenks, Glen F. 
Kelsey, Walter 
Kenny, John F. 
Knox, George 
Lang, Elmer 
Laverty, C. Russell 
Loomis, C. 
MacC utcheon, Ed- 
ward M.., Jr. 
MacIntosh, 
Mallett, Joseph E. 
Maurer, Walter J. 
McCord, H. C. 
McGredy, Robert H. 
McKenste, William 


C. E. 
Morgan, Nathan W. 
Mor is, Ned 
Murphy, Charles P. 
Nation, Robt. B. 
Noyes, Mason S, 
Olcott, Floyd B. 
Patton, E.R. 

Perry, Charles F. 
Petroskey, E. C. 
Piltch, A. 
Quasebarth, Norman 


Reid, Sibbald 
Ritter, Julius C. 


Robertson, James 

Sampson, D. S. 

Schleicher, Jacob 
Ww 


m. 

Schoen, Henry 
Schwartz, James E. 
Skinner, Orville B. 
Smith, George P. 
Smith, Utley W. 
Smyth, Robert 
Snyder, Philip W. 
Steinman, George C. 
Stine, Wilmer E. 
Strandell, John H. 
Trexel, Carl A. 
Tuke, Harry A. 
Turner, Thomas 
Underwood, C. M. 
Warriner, R. E. 
Webber, Wm. C. 
Wells, R. K 

White, Lloyd Y. 
Whitehead, Edward 
Whittemore, H. L. 
Wood, Robt. F. 
Yessler, R. B. 


FLORIDA 


Jacksonville— 


Anderson, Karl H. 
Bruestle, Chas. C. 
Cloues, Richard W. 
Moore, Clarence H. 
Redman, R. P. 
Spaulding, Ralph E. 


Miami— 


Holt, Donald C. 
Schwartzberg, David 


St. Augustine— 


Gardner, T. H. 


GEORGIA 


Atlanta— 


Bird, George T. 

Bloxton, C. R 

Drennon, Raleigh 

Greenwood, Walter 
F 


Guillot, Edward 
Harrison, E. R. 
Hawkins, S. R., Jr. 
Hunt, Duard B. 
Hunt, G.C 

Hunt, Leon 


J. 

Manning, John Mc- 

Veigh 
McCoy, Arthur M. 
Neville, Julian 
O'Rourke, J. J. 
Patrick, A. K. 
Reavis, L. H. 
Reynolds, R E 
Seawell, Lacy W. 
Stephens, Witt 
Trammell, R. H. 
Waliace, L aurence 

A. 


Austell— 


Reid, W. L. 


Brookhaven 


Ricketts, F. L 


Decatur 


Frierson, William D 
Wilburn, Walter R 


Dublin 


Rawls, Otis B 


Macon— 


Balkcom, E. E 


Marietta 


Glover, J. B 


Newnan— 


Blackburn, Bryan 


Savannah 


Inglesby, Charles A. 


Toccoa— 


Arthur, Guy B., Jr. 
Le Tourneau, Rich- 
ard C. 


IDAHO 


Caldwell— 


Bennett, Arthur A. 


ILLINOIS 


Bartonville 


Erby, Charles 
Parr, Maurice A. 
Rogina, Roland 
Willis, James 


Berwyn— 


Cole, J. Bradford 
Hansen, Carl 
McDonough, L. J. 
Tholen, Matthew A. 
Willot, Jack 
Wright, D. C. 


Blue Island— 


Anderson, Harry 
Storz, Melvin 
Van Gorder, K. E. 


Brook field — 


Adams, David 


Calumet City 


Harle, Thos. D 


Chicago— 


Adams, Gale 
Alt, Wm 
Andersen, G. M 
Armstrong, R. M. 
Bacon, Harold 
Bailey, 
Bailey, A. 
Balsey, A. 
Banash, | 
Bassler, Clyde 
Boardman, Harry C. 
Bornschein, John 
Franklin 
Bradley, Chas. E. 
Bradley, R. B. 
Briehl, Neil J. 
Browning, W 
Burnam, C. M., Jr. 
Callis, Henry 
Candy, Albert M. 
Carlson, C. E. 
Carlson, Enoch K. 
Carlson, Otto M. 
Carpenter, F. H. 
Charvat, Joseph J. 
Clausen, E. W 
Comiskey, Hugh L. 
Cox, Chas. N. 
Cuny, H. J. 
Cuonzo, George E. 
Cusson, F. J. 
Daniels, Chas. J. 
Dencer, Frederick 


w. 
De Witt, 

James 
Dillon, Walter R. 
Doerner, Otto 
Dunham, M. Keith 
Eichstaedt, Walter 
Everhard, E. P 
Emin, G. H. 
Faulkner, James H. 
Ferraro, Joseph 
Fitzgerald, F. R. 
Douglas 
Flood, J. 
James F. 
Freeman, Harry 
Fuller, Ray F. 
Gannett, H. E. 
Gasper, Eugene D. 
Gergits, William 
Gilbride, Thomas J. 
Goodwin, Harris A 
Graves, E. R 
Griffith, Mansfield 
Grot, Arnold S 
Guell, Darwin F. 
Habel, B. Ralph 
Hale, Robert 5S. 
Hanson, Car! R. 
Hasse, Frank C 
Heimback, Harold 


Edward 


Henderson, F. E 
Hendren, Robert F 
Hendricks, 
Henke, E. J 

Hirner, F. J 

Hjulin, Paul 

Hoier, Wm. V 

Holt, R. W 

Horton, George T 


Howland, Owen 
I lovd 

Hudson, James A. 

Hurt, R. J 


Immer, Wm. L. 
Jefferson, T. B 
Johnson, John A 
Johnson, Norman E. 
Jones, Thomas M 
Kohlbry, Robert L. 
Krumholz, Alfred F. 
Lacey, Jim 
Lavallie, A. J 
Lebedeff, Michael N. 
LeBlanc, Ray 
Linde, G. F 
Lindquist, Art 
Loeffler, G. B 
Long, R. E 
Longwell R Cc 
Lowey, John R. 
Magan, Thomas I. 
Magee, G. } 
Markel, Orville 
Marsh, Charles 
Thomas 
Maver, Frederick C. 
McCoy, W. N 
McDonald, Lewis 
McFarland, R. E 
McGregor Carl 
Melby, Fred C 
Menzies, J. C. 
Meyers, L. J 
Middleton, R. J 
Mills, Ellsworth L. 
Monroe, L. C 
Monroe, R P 
Morgan, Clifford E. 
Morgan, T. W 
Morris, Edward D. 
Moynahan, George 


Mueller, George C. 
Muller, Jules 
Munro, Wm. 
Murphy, C 

Neill, N. R 

Nevius, John 
Nickerson, J. F. 
Nielsen, C. 

Olson, Hesbest 

Orr, C ‘ 

Owen, J. C. 
Paschke, Paul 
Pearson, Wm. C. 
Pender, Warren 
Penfold, Percy 
Penn, Henry 
Peterson, M. E. 
Pfeiffer, C. L. 
Pillsbury, Charles S. 
Poston, Claude P. 
Robbins, Mayson C. 
Russell, Theo. J., 


Jr. 
Rutt, E.M 
Ruzich, Joseph S. 
Santini, Robert 
Saunier, M. E. 
Schattel, K. F. 
Schauffler, H. J. 
Schwon, Paul 
Sciaky, Mario 
Scratch, Harry E. 
Seabloom, Eric R. 
Setterblade, Ken- 

neth R 
Shields Julian W. 


Skog, L 
Smith, Abram E 
Smith, W. W 


Speiser, Harry H. 
Stanley, A 
Stephan, Frank A. 
Stiff, Lawrence E. 
Stricklen, E. E. 
Sullivan, J. F., Jr. 
Taylor, J Hall 
Tenney, G. E 
Thomas, T. G 
Tolan, Richard L. 
Torpe, Louis W 
Turner, Clyde 
Unger, Arthur M. 
Urban, John 
Vendl, Thomas 
Vock, Louis G 
Ward, L. E 
Watson, C. O 
Weiss, George F 
Weist, M M 
Whaley, M. L 
Wigton, Matt H 
Wilson, F. Douglas 
Wilson, T. F 
Wolfe, Jonathan 
Wright, John P. 


GEOGRAPHICAL LIST OF MEMBERS 


Young, Chas. D 
Zeigler, H. F 


Zimmerman Gene 
H 


Chicago Heights 
Quinn, Edward I 
Rice, D. B 


Chillicothe 
Schmidt, J. Berni 


Cicero 
Andersen, H.M 
Braun, Ben N 
Fassero, Frank 
Harbin, Peter I 
Horlock, Jack 


Congress Park 


Druetzler, Charles 
© 
Peterson, Alvin V 
E. Moline 


Boyle, Leo W 
Martinson 
QO. 


Edwin 


E. Peoria 
Bandy, William 
Heaton, Paul 
Lee, George S 
Van Dyke, E. E. 
Warnke, Eldon 


E. St. Louis 
Christie, R. L. 


Edwardsville — 
Sasek, Fred 


Elmwood— 
Ziemer, Clarence 


Elmwood Park 
Wilhelm, A. J 


Evanston 
Frank, 
Jr. 


Arthur A., 


Harvey 
Burgess, Leslie U 
Cody, Louis 
Comerford, J. E. 
Craig, G. 

De Signa, Americo 

Hatke, H 

Jones, Wm. 

Ludtke, Alfred 

McPhee, L. S.® 

Rundquist, Lester 
H 


Seyffert, Al 
Snyder, Carl 
Walls, Charles 


Herrin 
Bean, Ray 
Coleman, Hazen E. 
Lindsay, Laverne 


Joliet 
Kastman, Lawrence 
Smith, Norman E 


Kankakee— 
Mann, Arthur S 


Kewanee — 
Powers, R. F 


Kickapoo — 
O'Neill, John 


La Grange— 
Blomberg, M 
Downing, H. M. 
Henry, J. Robert 
Heseltine, A. 
Hruska, John H. 
Kuehn, Ernest 


Lombard— 
Hodges, Hubert E. 


Madison— 
Eagle, Stephen S. 


Maywood— 
Fentress, D. Wendell 
Lange, Frank W. 


Melrose Park— 
Stuckey, Walter A 


Moline— 
Burgston, C. H 
Flodeen, Albin H 
Foley, William Jos 
Gustafson, Arthur 
R. 
Reeves, Charles L. 


Morton — 
Anker, Raymond H. 


Mt. Vernon— 
Brocklebank, P. T. 
Collison, Thomas A 
Misker, Francis 


North Chicago 
Franklin, Raymond 


J 


Sherwin Raymond 
Oak Lawn 

Goldsby, Fred I 
Oak Park 

lohansen, E. K 

Ward, W. E 
Pekin 

Farri Howard S 

Matheney, Sherman 

Rowell, Clarence 
Peoria 


Bartel, R. Leonard 
Borkler, Chas 
Brookin Walter |] 
Cecil, Carl 

Clifton, Nathaniel 
Eldred, Stephen E 
Getz, Harold 

Getz, Robert 

CGiesz!l, Ray 
Greenfield, Clyde 
Hanley, John L 
Hanson, Vernon, Jr. 
Hardbarger, Lyle H 
Hayes, Luther 
Isgren, Elmer 
Johnson, Bert C 
Lohnes, Stearn G 
Losch, Alberta A 
Matheny Thomas 
McAdams, Paul F 
Miller, Elmer I 
Miller, Robert © 


Miskoe, W.1 
Pankratz, Peter G 
Reist, J]. F 


Rhode, Robert 
Roberts, G. R 
Runkel, Alfred 
Rutledge, Robert 
Schieckenburg R 
Schlis, Wm. J 
Schmidt, E. ¢ 
Secretan, Art M 
Sommer, Phillip 


Stoller 

Thornberg, Al 
Watkins, Franklin 
Wiese, H. D 


Wimmer, Clifford 
Zimmerman, C. F 


Peoria Heights 
Hanson, Vernon E., 
or 
Isgren, Vernon R 


Prophetstown 
Rigler, G 


Riverdale — 
Kenrick, Ralph 5. 


Riverside 
Kicherer, Harry J. 


Rockford 
Thomas, Jack R 
Youngberg, Richard 


Rock Island 
Ashton, Frank W. 
Schmitt, W. F 


Thornton 
Diekelman, W 


Urbana 
Bruckner, Walter H 
Williams, Robt. D 


Wilson, Wilbur M. 
Washington 

Becker, A. J 
Winnetka 

Plumley, Stuart 
Wood River 


Cummings, R. L 


Ziegler 
Rieger, Arthur J 


INDIANA 


Alexandria 
Vogel, Chas 


Anderson 
Pipper, 


Angola 
Howes, Allen J 
Brownsburg — 


Leonard, Roy 


Chesterton 
Anderson, H 


Columbia City 
Magliey, M. F 
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Connersville- 
Erickson, C. P. 


East Chicago— 
Crawford, W. F. 
Suirl, H. P 
Joyce, Edward M. 
Kuhn, H. C. 
Kumiega, Walter J. 
Newton, G. 
Wang, Ray H. 


Elkhart 
Kyler, Donald 


Gary — 
Kennedy, Clarence 


Hammond 
Krejci, E. L 
Maley, Geo. D. 
McKinzie, Daniel 
Nystrom, Karl T. 
Van Iten, Marvin 


Indianapolis— 
Baker, David 
Brown, Harold 
Burch, J. P 
DeSpain, Henry PF. 
Dickson, R. H. 
Cecil 
Doll, 
Eagle Geld, R. D. 
Eaglesfield. 

Je 

Franks, Fred 
Frenzel, Wm. 
Fulkerson, E. V. 
Garten, Wm. Ray 
Grubbs, Paul F. 
Haislup, Geo. F 
Hall, Paul B. 
Hauntz, Leo 
Kick, Karl H. 
Kimmel, Fred 
Lewis, E. M. 
Lundgren, C. I 
Martin, John E. 
Maxwell, W.H. 
Miller, Cecil J. 
Osterhous, C. S. 
Pearcy, Percy 
Pippel, Donald C. 
Rawlings, Gale F. 
Sauer, Carl M. 
Scheuring, C. E. 
Scheuring, Frank 
Seyfried, L. M. 
Smith, E. O. 
Spoon, 
Striebeck, Elmer V. 
Swinford, M. E. 


Weiger, Joseph A. 


Lafayette— 
Lindley, R. W. 
Michigan 
Anderson, Ivar L. 
Boley, Frederick W. 
Arthur 


Mishawaka— 
Davis, E. T. 


Muncie- 
Crapo, Fred M. 
Reynolds, Nolan 


New Albany — 
Zornman, W. W. 


Newcastle—— 
Lowe, L. D. 


Perrysville— 
Volkel, Ellis 


Peru— 
Volpert, Wm. 


Pittsboro— 
Cangonelli, Benny 


Princeton- 
Woods, Wylie 
South Bend- 


Crocker, Thomas D. 


Sullivan— 

Davidson, Thos. 
Whiting— 

Zweig, William F. 


IOWA 


Ames— 
Day, C. L. 
Hainer, Linton 
Bettendorf — 
Gallagher, C. S. 
Cedar Rapids—- 
Choate, R. E. 
Riley, Joe 
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Davenport— 
Carle, W. J. 
Cooper, Gerald A. 
Hampton, William 


McDowell, 


Des Moines— 
Boian, Wilbur O. 


Earitham 
Lush, Chas. B. 


Mason City 
Barclay, Paul V 


KANSAS 


Augusta- 
Bates, Harvey C 
Fillmore, R. E 
White, Roy 


Coffeyville 
Dawson, J 


Coldwater 
Schrock, J. E 


Eldorado 
Weber, Leroy E 


Eureka-—— 


Jones, Paul 


Garnett 
Richards, F. D. 


Hutchinson— 
Ball, Harry W. 
Robinson, O 


Kansas City— 
Andress, A. L. 
Carrender, Walter 
Gosney, James 
Griffith, Harry S. 
Hall, J. A 
Jones, Howard 
Meyers, A. M. 
Mika, H. L. 
Peterson, Carl 
Pollard, T. J. 

Rice, S. B. 

St. John, L. R 

Streeter, J. Reel 

Williamson, George 
F. 


Lawrence— 
Sluss, A. H. 


Leavenworth 
Jones, C. S. 
Maize— 
Van Horn, V. C. 
Manhattan- 


Carlson, W. W. 
Ladd, R. J. 


Otis— 
Kerbs, L. E 
Ottawa— 


Jarrison, Paul R. 


Overland Park— 
Cramer, L. L. 


Pittsburg— 
Gowdy, V. M. 
McCormick, Don E. 


Nellans, H. M. 


Stockton— 
Hus, S. F. 


Sun City— 
Froman, Hugh C. 


Topeka-—- 
Moore, J. R. 
Singleton, Jack 


Wellington — 
Butters, Carl 


Wichita— 
Bruer, C. B. 
Caldwell, Ralph 
Christopher, Harry 
Dato, J. E 


Denison, Harold M. 


Dickerson, R. D. 
Downs, Edward 
Drake, G. E. 
Easton, W. J. 
Galley, John 
wrifith, W. G. 
Headrick, B. C. 
Helvey, Oren C. 
Houser, K. O. 
Kinder, G. P. 
Kirk, L. E. 
Lackey, Walter 
Me Millan, J. H. 
Moore, W. P. 
Reschke, F. Paul 


Schreffler, Chas. L. 


Sheets, Claude L. 
Stepleton, P. W. 


Swenson, D. A. 
Townsend, Ray- 
mond L 


Win field— 
McClung, A. F 


KENTUCKY 
Ashland- 
Cunningham, J. B. 


Florence— 
Barker, George 


Lebanon Junction- 
Neal, Earnest C. 


Louisa 
Berry, Elmo 


Louisville- 
Arterburn, C. B. 
Duffy, J. H. 


Kieinsteuber, Gus 
Lewis, Theodore 
Merkt, Joseph X. 
Mivelaz, William A. 
Plinke, G. W. 
Pluckebaum, John 


Pool, James M. 
Powers, H. C. 
Rolli, John W. 
Romann, John H. 


LOUISIANA 
Baton Rouge 
Elbourne, C. H. 
Patterson, John H 
Smith, E.G 


Diamond- 
Brandt, L. 


New Orleans 
Abaunza, Alfred E. 
Barrios, E. H. 
Bell, Mace H. 
Clothier, A. L. 
Guillot, A. H. 
Gust, Louis E. 
Helper, H. H. 
Huet, G. O. 
Leaveau, Victor A 
Pine, Clyde 
Smith, Paul 
Stout, Arthur 
Wishart, William 


Port Sulphur— 
Cockrell, Clifford M. 
Corne, E. J. 

Ferree, E. B. 
Harmon, W. R. 
Ledet, E. J. 
Rougon, T. Douglas 
Prentiss 


Shreveport— 
Farr, Wm. S. 
Haggard, Henry W. 


White Castle— 
Laurence, W. Cross 


MAINE 
Bath— 
MacKinnon, Nor- 
man J 


Brooks— 
Prime, Arthur E. 


Portland— 
Henderson, H. F. 


Sanford— 
Murray, Stephen W. 
G. 


MARYLAND 


Aberdeen— 
Dumey, Martin M., 
Set 
Gallagher, Charles J. 
Hampton, Howard 


Langen, Wm. E. 


Annapolis— 
Ronay, Bela M. 


Baltimore— 
Adams, C. H. 
Allen, Herschel H. 
Wm. M. 
H. 


Blakey, Robert M. 
Boetcher, Hans Niel- 
sen 
Broski, M. Chester 
Burggraf, Fred 
Canty, T. A. 
Christensen, L. H. 
Cumberland, John 


Emerson, George P. 
Garcia, J. F. 
Higgins, Nathan B. 
Hilbinger, C. N. 
Jankowiak, Leo 
Jenkins, Alex F. 
Jensen, Holger 
Lengerhuis, Otto 
Maher, J. William 
Mansfield, Roy A. 
Maver, George E. 
Michel, Clarence H. 
Phillips, Chas. J. 
Saxe, Rens- 
selaer P 
Schafer, Philip E. 
Schlining, Charles 
Shook, Henry W. 
Thompson, Arthur 
re 


Wicker, Milton G. 
Wynn, Arthur R. 
Yuhasz, Elek 

Zouck, George H. 


Bethesda- 
Kingsbury, Jesse A. 
Wilson, James W. 


Catonsville— 
yathmann, Emil 


Chevy Chase— 
Amirikian, A. 


College Park— 
Blanton, John W. 
Mowatt, Theodore 

A. 


Dundalk— 
Humberstone, J. H. 
Miller, Dr. John W. 


Ellicott City- 
Fitzgerald, Robert 


Ferndale— 
Hudnall, John W., 


Jr. 
Roeth, Milton R. 


Glen Echo- 
Mallory, Walter S., 
Jr. 


Hagerstown— 
Wingert, Byron E. 


Lutherville— 
Sibley, R. L. 
Taylor, James E. 


Sparrows Point— 
Aschenbrenner, F. J. 
Birkholz, John H, 
Lutes, Eller B. 
Ross, Harry H. 


St. Michaels— 
Brown, Jesse J. 


Takoma Park— 
Jackson, C. E. 


MASSACHUSETTS 
Allston— 
McKenna, P. Ed- 
ward 


Ratzburg, Paul 
Spooner, Leonard G. 


Athol— 
Thayer, Frank L. 


Beverly— 
Parsons, Theodore 
D. 


Boston— 
Appel, Leonard A. 
Austin, Herbert G. 
Barnes, William H. 
Canty, J. P. 
Chitro, John 
Combs, A. L. 
Davis, F. W. 
Delbridge, C. 
Doherty, Edward R. 
Faden, James L. 
Fennell, Le Barron 


Idell, Percy C. 
Jackson, L. F. 
Kenney, A. A. 
Lockman, Edward 


L. 
Mehaffey, Frank B. 
Morris, A. P. 
Norris, Edward W., 
Plaisted, Walter A. 
Raney, J. E. 
Raymond, H. Ken- 

dall 
Singleton, George R. 
Slater, Stanley J. 
Small, Gilbert 
Steward, Harry M. 
Stolba, Edward F, 
Strathdee, Wallace 

B. 
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Sweet, Herbert A. 

Tapp, George 

Whitney, James 
Theodore 

Young, P. W. 


Brookline— 
Miller, David 
Morgan, J. 
Steeves, Almon 
Miles 


Cambridge— 
Anderson, Arthur R. 
Bullock, H. R. 
Feyling, P. L. F. 
Haertlein, Albert 
Jefferson, John A. 
Joselyn, W. M. 
Kyle, Peter E. 
Nadeau, George 
Stevens, Malcolm 5S. 
Wilson, Francis W. 


Charlestown-— 
Carlin, L. C. 
Donovan, James 
Mooney, John A. 


Cliftondale 
Burnett, Clarence 


Dorchester— 
Russell, Warren K. 
Sullivan, Raymond 


EB. 
Wolk, Benjamin 


East Longmeadow— 
Westfall, John W. 


East Lynn- 
Gibbs, Louis T. 


Everett 
Bengston, Nils B. 


Farnumsville— 
Cota, J. Arthur 


Fitchburg- 
Birnie, Albert W. 


Holyoke— 
Marran, Vincent P. 


Hopedale— 
Taft, Harold G. 


Jamaica Plain— 
siduz, Fred J. 
Kroll, Victor J. 
Webb, Wylie 


Lowell— 
Callahan, J* Walter 
Shore, Frank Joseph 


Lynn— 
Brown, Irving C. 
Davis, Fred 
Gilereas, Walter F. 
Horgan, P. J. 
Matrona, Rocco J. 
Purdy, Charlton V. 
Richardson, George 
Speed, Francis H. 
Thomson, Malcolm 


Maiden— 
Lee, Daniel A. 
Neary, T. Arthur 


Mattapan— 
Swim, E. H. 

Milton— 
Ovaska, Walter 

Nahant— 


D’Arcy, Raymond 
M acQueen, Ernest 


Newton— 
Woodrough, Kendal 
A. 


No. Abington— 
Buch, Stanley 


Pitts field— 
Gilbert, Ralph A. 
Hannon, C. H. 
Hopley, David 
Lipschitz, William 
Potter, Everett T. 
Somerville, G. G. 
Unger, M. 
Weldon, J. J. 


Quincy— 

Brummitt, Parmen- 
ter 

Cooper, Stephen H. 
Debes, Erland D. 
Ffield, Paul 
Hogaboom, Allen G. 
Moore, Alfred M. 
Rober, Chester A. 
Smith, John 
White, Louis 


Randolph— 
Wescott, George A. 


Revere— 
Sher, Barney 


Rockland— 
McCarthy, Wm. 
Sharp, Raymond RF 


Roslindale— 
Jarvis, J. Allen 
Konetchy, Edw. y 


Roxbury— 
Harry, James F 


Saugus— 
Boyle, Richard A 


Sharon— 
Mower, Dexter 


Spring field— 
De Marco, John P 


Somerville 
Lundgren, James EF 
Martin, Gerry 
Mingotte, Eugene 
Rand, Warren W. 


South Boston- 
Bach, A. Dudley 
Cooper, Sidney RB. 
Rudolph 


F John V 
Galvin, Ernest FE, 
Gordon, Leo 


South Braintree— 
Dand, Raymond 


South Weymouth— 
Thibeault, Albert 


Still River 
MeNall, Richard C 


Wake field- 
Gove, Lewis P 
Rugg, Philip N 


Watertown 
Monahan, Thomas 
Warner, William L 
West Medford— 
Coombs, Anthony 5 
Roberts, Arthur W, 


West Roxbury 
Silver, Roy H 


West Somerville— 
jray, Henry 


Weymouth— 
Du Bois, Edward 


Winchester— 
Norton, Peter J. 


Worcester— 

Adams, Ernest N. 

Bagdasarian, Bar- 
tev Der 

Braithwaite, Alex- 
ander 

Goster, Charles H. 
E. 


Elliott, Edward 

Green, V. Wayne 

Hall, Preston 

Johnson, Carl G. 

Jones, Elisha 

Kerr, Geo. M. 

Lee, John F. 

Weissinger, Walter 
F, 


MICHIGAN 
Allen Park— 
Brendle, Russell W. 
Zorn, William 


Ann Arbor— 
Dow, William G 
Spindler, Wm. A. 
Telfer, Wm. 


Bey City— : 
Cogan, Howard C. 
Fisher, Simon 
Kauaitz, Clyde F. 
Shearer, Charles E. 
Smith, Edward C. 
Taylor, E. W. 


Birmingham 
Cummings, Thomas 


M. 
Hecker, Carl L. 


Charlevoix— 
Miller, Earl W. 


Charlotte 
Dunning, N. E. 


Dearborn— 
Foss, Earl H. 
Horne, Marvin 
Johnston, James M 
Smith, Frank M 


Detroit— 


Allen, Terrance 
Anderson, Walter 
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4 

— 

as 

4 
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mas 
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Bailey, Robert P. 
Brown, Edgar Burr 
Brueckner, Julius R. 
Centers, Clyde 
Buchkoe, Raymond 


i 
Clark, L. W. 
Collom, Cletus J. 
Corey, Donald H. 
Coryell, Howard 5S, 
Crigger, John 
David, Wm. 
Dekker, G. 
Dodge, Paul 
Doud, H. P. 
Douglass, Arthur S. 
Eksergian, C. L. 
Elliott Thomas 


Friebel, Geo. J. 
Frost, I 

Glover, Victor 
Goodspeed, Elvin S. 
Harvey, S. M 
Heckman, Homer H. 
Heron, 5S. D 
Hinchman, Lew 
Hoern, J. H. 
Holtzhouse, Guy A. 
Honey, Edward M. 
Honhart, Jack C. 
Hoover, J. C. 
Jackson, H. A. 
Keyes, John W. 
Kice, M. S., Jr. 
Lane, Arthur L. 

Last, Albert J 

Lewis, Alfred H. 
Lewis, Frank 


Mackniesh, Frank 
Maire, Stephen F. 
Matte, Joseph, Jr 


Merriman, Clem G. 
Neitzel, H. C. 
Nelson, Geo. P. 
Newman, Clarence 


A, 
Nichols, Leonard E. 
Peters, Lewis 
Phelps, G. E 
Phillips, C. E. 
Raab, Carl 
Reid, Vaughan 
Robertson, Ear! 
Robinson, James M. 
Rousseau, E. J. 
Schimpke, Albert J. 
Shelton, E. P 
Sherman, William F. 
Sieger, George N. 
Sievers, Max A. 
Simmons, Walter H. 
Smith, Otis L. 
Stasz, John 
Stone, E. 
Swart, Clayton 
Vrooman, G. C 
Warren, Harold B. 
Weihe, Cal. 
Welcomb, C. D. 
Wetherby, B. R. 
Woodside, F. Lloyd 
Woofter, H. A. 


Flint— 
Jedlick Charles L. 


Spice, Stuart M. 


Grand Rapids— 


Brown, Alexander 
Duesing, Ernest 
Howell, A. J. 
Layman, R. D. 
Monahan, Joseph 
Ogden, Roland H. 
Thaden, Herbert V. 


Highland Park— 


MacKenzie, F. W. 
Riback, Emil S 
Urquhart, Thornton 


Holland— 


Bonge, Albert J. 


Houghton— 


Young, Almon P 


Jackson— 


Dissmeyer, E. F. 


Kalamazoo— 


Aldrich, Robert H. 


Lansing— 


Hedrick, Leslie C. 
Puffer, Harold P. 


Muskegon— 


Schramm, C. Henry 


Plymouth— 


Bieszk, Anthony 


Pontiac— 


Austin, Byron B. 


River Rouge— 


Scotten, Frank M. 
Stewart, C. 


1940 


Royal Oak— 
Allen, Guy F. 


Saginaw— 
Jarman, Donald 
Stanulis, Joseph 
Wiegand, Louis F. 


MINNESOTA 
Bertha— 
Paschke, George H 
Cloquet— 
Gander, Aksel 
Duluth— 


Bartter, Ivan R. 
Blodgett, Omer 


Internationa! Falls—- 
Knudson, M. N. 


Le Sueur— 
Bauleke, Chester H. 


Minneapolis— 
Adler, Robert 
Akins, Clifford M. 
Amundsen, E. S. 
Baruth, Harold 
Beilke, Martin 
Bjornstad, C. I 
Brown, Walter V 
Bush, Ray G 
Caswell, Alexis 
Chatfield, Howard 
Davis, Wilbert 
Dean, Wm. J. 
Demeules, Eugene A 
Demmer, Adolf P. 
Ekblad, Axel H 
Forseth, George O 
Good, W. Phillips 
Hall, Carl R 
Hall, Edgar E. 
Hammond, W. R 
Hayward, C. L 
Hoglund, Clarence 
Hudoba, Louis 
Hughes, Thomas P 
Irwin, George W 
Jelinek, Joe 
Johnson, Amos R. 
Johnson, Caleb C. 
Klass, Fred 
Kvasnicka, Wesley 
Louis, Harry 
McLean, D. G 
Menefee, Chester E 
Mikulak, John 
Moebins, Jos. L. 
Moore, O. F 
Murphy, W. E. 
Nelson, Geo. H. 
Nelson, John 
Newton, Robert 
Overstrud, Melvin 
Porter, Arthur A. 
Pugh, Guy L 
Rabenau, Frank 
Ranney, M. E. 
Robinson, R. W 
Schwalen, Harold L. 
Sherwood, John G. 
Simonsen, E. N. 
Smith, E. H. 
Stone, Chas. W. 
Swanson, James 
Thompson, Clifford 
Tomezyk, Joseph 
Tufford, R. D. 
Volk, D. E. 
Warmington, 

Thomas J. 

Watson, G. V. 
Weisgerber, Les 
Williams, Jack E. 
Wineland, Carl 
Woods, Carl E. 
Zappa, Anthony M. 
Zech, Chester 


Nashwauk— 
Tuomala, J. Evald 


Robbinsdale— 
Flansburg, Claude 


St. Cloud— 
Harding, Forest 


St. Paul— 

Baillon, Paul V. 

Barron, J. H 

Bauer, A. E. 

Bauerfeld, Jack 

Boden, C. E. 

Bollenbach, Willard 

M 

Borne, Floyd O. 
Brunson, Harry S. 
Comfort, C. E. 
Gorans, Victor 
Grohs, Wm. H. 
Hickey, D. W. 
Kenny, L. T 
Kilbane, James, Jr. 
Lindeke, Harold H. 
Nystron, Carl 
Patnaude, Victor E. 
Sage, V. L 


Schroeder, Emil C. 
Schulz, William H. 
Shoultz, William L. 
Spaulding, Roy L. 
Swanson, George 
Tanberg, Chester 
Westin, Edward 


Wayzata— 
Williams, Roy E 


MISSISSIPPI 
Pascagoula 
Furr, John A 
Hubbard, Ronald P 
Stari, Joe 
Warren, William B. 


MISSOURI 
Chillicothe 
Henry, A. Tom 
Clayton— 
Clements, D. A. 
Fulton— 


Fairchild, Frank 


Grandview— 
Knapheide, E. W. 


Hickman Mills— 
Williams. Leslie N 


Independence— 
yore, Burney F. 


Jefferson City 
Sinn, Joseph 


Kansas City— 
Anderson, EF. D 
Anderson, Wm. M 
Ashton, Ned I 
Bain, George 
Berg, Fred 
Brown, Leland 
Burge, R. G 
Chanoman, Leo 
Clark, Robert 
Cross, L. 

Dickens G F. 

Dishman, Chas. H 

Donegan, Charles FE. 

Edwards, J. Preston 

Fizzell, James L. 

Hamilton, Thomas 
P 


Havens, Harry L. 
Higman, Jack 
Hohenschild, F. X. 


Huna, F. Albert 
Kirk, James P. 
Koons, R. E. 


Kunert, Max J. 
Kurtz, Walter H. 
Launder, J. E. 
Libby, H. H. 
Luthy, S. F 
Mika, George 
Morgan, Lester 
Nemecek, A. A. 
Reals, Chas. L. 
Schlup, Bernard L. 
Snider, William J. 
Sorkin, Josef 
Swaffar, Howard 
Tarbell, James 
Watson, 0. E. 


Louisiana— 
Turner, Edward G. 


Marceline— 
White, Merle W. 


No. Kansas City— 
Burnidge, Merrill 
Frick, C. W. 
Schmidt, Karl W. 

Orrick— 

Majewski, Paul M. 


Overland— 
Krewson, Ralph 
Miller, H. J. 


Richmond Heights— 
Bender, Wm. P. 
Layne, L. R 
Schwarz, Arthur 


St. Charles— 
Lawler, J. W. 


St. Joseph— 
Hamlet, L. M. 
Holley, E. C 
Michel, H. A. 


St. Louis- 
Allina, Alfred 
Bland, George oO 
Bleikamp, C. E 
Bosse, E. M 
Brumbaugh, I. V 
Close, Howard C. 
Dodd, Leslie H. 


Enslin, E. M. 
F eldhaus, Frank J 
Garner, R. 


GEOGRAPHICAL LIST OF MEMBERS 


Gettinger, Ralph 
Gill, Harry 
Griesel, George 
Hill, Lockwood 
Hooper Wvylivs G. 
Houston, R 
Howery Theodore 
Hurst, William I 
Tackson, Earl T 
Kellogg, Wm. Pitt 
Knachstedt, M. L. 
Kohlbry, F. P 
Leonard, B. H. 
Myerson, Milton E. 
Moran 
Moss, N. F 
V.V 
Pahmeyer, Fred ©. 
Pennewill, G. W. 
Plane, John C 
Rebsamen, William 
Reeves, Eugene L. 
Ritchie, R. W 
Rosborough, J. G., 
Jr 
Royer, |. W 
Ryan, Robert J 
Sacks, Raymond J. 
Schenler, Walter M. 
Schwarting, H. F 
Scioletich, Mathew 
Sheaff, Harry H. 
Skinner, M. G 
Stevens, James S. 
Stupp, Norman J 
Thumser, R. C. 
Webb Eugene 
Wehmeyer, Clarence 
Ww 


Wilkinson, ©. F. 
Zenz, Otto P. 


Summit- 


Buxton, M. I 


Webster Grove 


Kelsey, Howard C. 


MONTANA 


Billings 


Lamach, John 
Wolfe, Harry W. 


Bozeman— 
Homann, F. C 
E. Helena 
Carison, Alvin 
Glasgow— 
Strissel, Daniel 
Gohagen—- 
Jacobsen, Car! 
Helena—- 
Hare, L. Fletcher 
New Deal— 


Cook, Roy F. 


Polytechnic— 


Martin, Charles E. 


Sunburst— 


Andrews, James 


Sweet Grass— 


Juedeman, R. F. 


NEBRASKA 


Lincoln- 


Austin, Stephen A 


Omaha— 


Engler, Paul E 
Fuchs, B. L 
Johnson, Louis C. 
Knox, Charles 
Larsen, Elmer 
Mullane, C. W 
Pflasterer, Claude 
Reiff, Stanley G 


Schneiderwind, L. 


Semik, Charles A 
Shiner, G. F 
Stocking, 
©. 
Thrapp, George A. 


NEVADA 


Hawthorne 


Tydell, Ernest 


Ruth- 


Blackmore, F. L 


NEW HAMPSHIRE 


Claremont 


Ericson, Carl B. 


Keen 


e 
Hill, Gale E 


Nashua 


Le Bel, Everett M 


Portsmouth 


Endlich, Philip J 
Ladd, Wendell 


Kenneth 


oe 


York Village— 


Irons, James D. 


NEW JERSEY 


Arlington— 


Anderson, Uno 

Carr, Tames H 

Koshliek, Andrew 

Mitchell, Raymond 
S 


Avene! 


Me Michael, L. R 


Bavonne 


Ballinger, Vernon 
Costello, Tohn T 
Frohlin, John 
Kihleren, T. E 
Laurinatis, Tohn, Jr 
Massa, William ] 
Moir, Stewart G. H 
Moran, Geo 

Nigh, G. W 
Plaskon, John 
Schoener, 7. G 
Spicer, Kenneth M 


Belleville- 


Goodford, Tack A 
Mikkelsen, Niles 
Payne, Leonard W. 


Bergenfield 


Happersett, R. H 


Bloom field 


Demarest William 

Moon. Walter W. 

Pursell, Robt. T 

Wilson, Robert M. 

Wing, George Sher- 
man, Ir 

Young, Charles R 


Bound Brook 


Kee, John H. 


Burlington 


Ireton, Samuel R 


Ir. 


Camden— 


Frey, Chas. A 
Lee, Walter 
Pierce, Harry W 
Stepath, Myron D 


Carteret— 


Dolan, Wm. 
Evans, W. L 

Hila, John 
Komleski, Edw., Jr 
Lonsdale, Wm. 
McKay, Edwin O. 
Phillips T 
Pollak, Stephen FE. 
Robertson, George 
Walker, Kenneth L 


Chatham— 


Brown, Robt. F. 
Logan, Daniel 


Clifton— 


Blind, J. George 
Peluso, Fred 
Paccioretti, John 


Cranford— 


Albans, Thos. A 
Chamberlin, John B 


Frazer, F. Taylor 
Cresskill— 

Gunther, J. P 
Danville— 

Potvin, Alphonse 
Dover- 

Niccolls, Robt. S 
Dumont— 


Adelson, S. 5S 


Dunellen— 


E. 


E. 


E 


Brass, Eugene W 
Lukas, J. C. 
Mattes, Frank | 


Newark 
Tarasavage, Joseph 


Orange 
Bennett, Morris 
Deming, George 


Hart, Wm. H 
Mathias, David I 
Rogers, Fred E 


Rahway 


Krouza, Louis 


lizabeth 
Alpaugh, James 
Card, Harold 
Dalcher, L. M 
Elly, Robert D 
Fyke, F. 
Hodges, Charles 
Holder, G. C 
Loane, Paul 


Luttgens, Melvin 
Milligan, Paul 
Morton, F. J 
Rasienski, Stanley 
Rea, John 

Reidy, Joseph A. 
Sheely, Moss F 
Wendel, George A. 


Englewood 
Tyrner, Joseph M. 
White, Bernard I 


Essex Fells 
Veith, Joseph 


Fords 
Maak, Charles 


Gar field 
Fomen, Leonard 
Lelless, Cecil 


Glen Ridge 
Armstrong, C. H. 


Harrison 
Emery, Willard 
Moore, L. M. 


Hasbrouck Heights— 


Schnetzer, 5 


High Bridge 


Alpaugh, Lauson 


Hillside 
Bott, Harry 
Buie, Wm. H 
Eisensee, Arthur 
English, Elton T 
Esty, O. R 
French, Joel 
Humm, E. F. 
Hoboken 
Drake, H. C 
Jugovich, Michael 
Phillimore, Horace 


Irvington 
Katchen, Alex 
McPeek, Reynold 
Weber, William 


Jersey City 
Barnett, Orville T 


Baumann, Leonard 


Begtrup, E 
Behrend, Alfred 
Bock, Chas. F., Jr 
Doyle, James H 
Fisher, O. W 
Gaffney, John J 
Hopkins, R. K 
Kidd, Alexander 
La France, B. A 


Landis, Houston E., 


Ir 
Marinke, Joseph 
McNutt, Louis C 


Naglemeyer, Edward 


Olsen, Martin 
Pendlebury 
Rippel, John 


Saacke, Frederick C. 


Shields, W 
Smith, Stephen 
Strangia, Michael 


Sylvester, Walter G 


Kearny 

Aborn, Robert H. 
Eskilson, Knut 
Ohlssen, W. C. 
Powell, R. 
Steffins, John H 

yidesley 
Williams, Alton H 


Keashey 
Kobus, Peter 


Linden 
Andrews, F. H 
Belcher, Harold 
Matheny, C. R 
Nisky, B. John 
Planeta, Anthony 


Little Falls 
Newman, Henry 


Maple Shade 


Doering, Walter 


Maplewood 
Barber, Edw. 5 
Goelitz, Herman 
Kielb, Joseph \ 
Margeru 
Benjamin R 

Smith, B. Thomas 
Todd, Alan 


Metuchen 
Andersen, Karl M 


Benneche, Willard R 


Hiecke, W. K 
Johnson, Wm. G 


Millville 
Romanik, Mike 
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Alan H. 


Thomas 


™m 
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aba 
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Montclair 
Llewellyn, F. T. 


Moorestown 
Cunningham, J. A 


Morristown 
Babbitt, Ralph C. 
Guild, Jack 


Mountain Lakes 
Borcherdt, Walter 
O., Ir 


Newark 
Alessandro, N. D 
Bucknam, James H 
Carey, R. F 
Dorer, Chas. A. 
Foley, Irving S 
Gasiorek, John C., 


Jr. 
Gorzelnik, Edward 


Helm, John E. 
Holslag, Claude 
Inskeep, Harry 
Irwine, Robert L. 
Jacobsson, Wilgot J. 
Jones, Homer W. 
Kanzler, William R. 
Katzen, Bernard 
Kime, Allan B. 
Liebenow, John 
Lord, Arthur S. 
Manning, John J. 
Mattern, M Philip 
McDonald, A. J. 
Moss, Herbert H. 
Motyke, Stanley 
Nagy, Joseph 
Osmin, Basil 
Osoliniec, Edw. 
Payne, Burt. H. 
Robinson, Charley 
Salmon, Philip A. 
Schlitz, Thomas R. 
Shapinski, Joseph 
Sigrist, Robert F. 
Strafhel, Albert 
Swankhous, Fred B. 
Trub, William 
Weiss, Joseph H. 
Wheeler, K. V. 
Wise, Mark 


New Brunswick— 
Butler, Lawrence 
Troger, H. H., Jr. 


North Bergen— 

Blenckstone, 
Frederick 

Boschen, H. C. 
Fontana, Peter 
Heller, James 
Noakes, J. F. 
Scherrer, A. G. 


North Caldwell— 
Woodward, James P. 
Oaklyn— 
House, Alan 
Orange— 
Britten, C. R. 
Hoffman, Edward H. 
Soldi, James 
Taddeo, Herman 
Taglienti, Armando 
Packnach Lake— 
Ogilvie, Douglas 
Palisade Park— 
Mosley, A. Robert 
Passaic— 
Trela, Peter 
Perth Amboy— 
Boniewski, Edward 
F 


Garble, John 
Kozak, Edward 
Sprague, A. G. 
Phillipsburg 
Walker, William 
Pine Brook— 
Peterson, Clyde 
Rahway— 
Bowen, Dexter P. 
Vitello, Peter A. 
Ridge field— 
Weinert, G. 
Ridgewood 
Paulson, Frank O. 
Rochelle Park — 
Weston, C. R. 
Roselle— 
Alberti, William 
Butchko, Stephen 
Mitchell, Fred E. 
Rutherford— 


Bauer, Leo A. 
Hodge, Thomas 
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Place, George 
Taylerson, John E. 


Scotch Plains 
McCormack, Walter 
E. 


South River 
Nieme, T. J 
Pytel, Frank 


Stewartsville 
Johnson, Lloyd C. 


Summit 
Sidney, C. Watson 


Teaneck 
Forgett, V. 


Trenton 
Swan, Harry S. 


Union 
Kessler, Conrad 
Lum, S. Clark 


Union City 
Tisza, Ernest E. 


Weehawken 
Blickman, Saul 


West Caldwell 
Kurzina, Edw. 


West Collingswood— 
Cotton, Charles G. 


Westfield— 
Boyd, Douglas E. 
Flocke, Frank G. 
Grove, Wm. G 
Scharwenka, A. V. 


Westmont— 
Griffith, W. G. 


West Tremont— 
Jones, R. P. 


Wharton— 
Rusch, Charles E. 


Whitehouse— 
Johnson, George E. 


Woodbridge— 
Elliott, Joseph 


Wortendyke— 
Broadhurst, Chas. T. 


NEW MEXICO 
Eunice— 
Wildman, Oliver 


NEW YORK 
Adams Basin— 
Sage, George R. 


Albany— 
Brickley, Earl M. 
Browne, R. L. 
Carpenter, John 
Lynch, Edmund T. 
Ramer, Edward J. 
Stiglmeier, Albert F. 


Alexander— 
Murta, Clarence 


Amsterdam— 
Sprong, George A., 
Jr. 


Auburn— 
Walker, George H. 


Babylon— 
Goppoldt, P. R. 


Ballston Lake— 
Gannon, E. L. 


Ballston Spa— 
Van Aernem, Ralph 


Beacon — 
Bolaskey, Frank 


Buffalo— 
Anchor, De 
Bard, 
Bayer, 
Blakely, R. A. 
Bollin, Edward F. 
Brand, E. A. 
Burnham, L. F. 
Cobb, G. W. 
Joseph 
Day, 
Ww. 
Eber, Louis, Jr. 
Freeman, Chas. S. 
Galbreath, Emil 
Gillespie, John W. 
Heinz, Edward F. 
Korn, Martin P. 
Lane, Richard S. 
Lyall, Richard G. 
Mason, Jack H. 
Meix!, Carl 
Mungovan, Thos. J. 
George 


Murray, James F 

Oldman, Nelson E 

Patterson, Donald 


Patterson, C. T 
Paul, Caryl C 

Rich, Stuart L 
Rodgers, F. L. 
Sanscrainte, Stanley 


Schleich, Randall 

Schliecker, G 

Schlieder, Harley J. 

Sheridan, S. / 

Siemer, Robert 

= fts, George M., 
3rd. 

Weller, Robert C. 

Wiesner, Arthur J. 


Cattaraugus 
Mosher, Leland C. 


Cheektowoga 
Myer, Amel R 


Cohoes 
Waugh, J. E. 


Coldwater 
Buette, Arthur E. 


Corning 
Kaukeinen, Ralph 
M. 


Dansville 
Dick, Walter G. 
Martin, Nelson N. 
Dunkirk— 
Boswell, E. N. 
Gruenberg, J. W. 
Redline, Ralph H. 


Eggertsville— 
Bos, John, Jr. 


E. Rochester- 
Bridges, W R. 
Kadlecik, Paul 
Kazoroski, Walter 


Elma— 
Speller, Thomas H. 


Elmira— 
Seutt, Glen H. 
Wilder, Leon G. 


Elmont— 
Lunstrom, James E. 


Endicott— 
McNutt, A. D. 


Fort Totten— 
Catlett, James T. 
Major 


Freeport— 
Biedermann, Harry 


Fulton— 
Haskel, Ben 


Hamburg— 
Morrison, Ralph M. 


Hillburn— 
Brooks, Louis, E. 
Rieger, George L. 


Horseheads— 
Perry, C. S. 


Irondiquoit— 
Jansen, Charles 


Ithaca— 
Ames, W. 
Hollister, Prot S.C. 


Jamesville— 
Ochsner, Edward 


Kenmore— 
Bell, John L. 
Gordon, W. R. 
Koerner, Harry 


Kingston— 
Ashley, Charles H. 


Little Falls— 
Barnes, Harold N. 


Little Valley— 
Worth, Sid. L. 


Long Island— 
Abbott, Lester E. 
Axline, R. A. 
Borst, W. H. 
Braisted, Melvin V. 
Charvanne, Wm. D 
Chivvis, George D. 
Connelly, Peter K. 
Dickau, Henry H. 
Elverson, Elve R. 
Fitzpatrick, John 
Hallen, Maurice 
Hasbrouck, Chas. L. 
Isenburger, Herbert 


Kandel, Charles 
Klevens, J. A. 


Klos, Clifford H 
Kovac, Michael 
Krause, Geo. E 
Lilienthal, F. W. 
ac Donald, 
Roderick 
McHugh, Thomas J. 
Mehl, Walter A. 
Perreault, John B. 
Rahtz, Arthur 
Roffey, Albert B. 
Rooney, James I. 
Rossi, Boniface E. 
Rottman, Wm. A 
Scott, Benjamin A. 
Scott, S. S. 
Sichler, Albert 
Smizawski, John J. 
Soman, Robert 
Spraragen, William 
Thamme, E. P. 
Thompson, Thomas 
Weekes, James H. 
Whaley, B. L. 
White, Raymond E. 
Wicks, William P. 


Mt. Vernon 
Pearson, Raymond 
Steck, Robert C. 


New York City— 
Adams, John 
Akers, Arthur W. 
Anderson, James L. 
Anderton, James T. 
Armstrong, Robert 


Arnott, David 
Ball, Robert A. 
Baumann, Henry R. 
Becker, Edward C. 
Bedworth, Robert E. 
Bell, John J. 
Bennett, William 
Bleecker, Kenneth 
B. 


Boggs, Robert W. 
Booth, Henry 
Borner, Fred 
Brezovsky, Charles 
Bruce, Leo I 

Bryan, Charles W., 


Jr. 
Bryk, Henry D. 
Bulkley, H. F. 
Bull, G. N. 
Burns, William T. 
Callahan, John F. 
Carpenter, Allan W. 
Carter, Glenn O. 
Cassidy, Perry 
Cavagnaro, John, Jr. 
Cavanagh, R. F. 
Chapin, Richard N. 
Charles, T. 
Claussen, Gerard 
Cohen, Fred W. 
Connell, Fred’k. 
Critchett, James H. 
Alexander 


Crowe, John J. 
Dalcher, John T. 


Dannenfelser, Robert 

David, E. V. 

De Pew, T. E 

Deppeler John 
Howard 


Dierckx, Jules 
Donald, Russell S. 
Doyle, E. A. 
Duffy, J. William 
Dunn, Wm. J. 
Edelson, L. 

Eder, F. 

Edwards, James L. 
Ennis, V. 
Ewertz, E. H. 
Farmer, F. M. 
Febrey, H. H. 
Feely, John 
Feiner, Mark A. 
Fetherston, Thomas 


Fish, Gilbert D. 
Floeting, Edward R. 
Folgner, Herman A, 
Fowler, Everett W. 


Fraser, O. B. J. 
Freed, E. 
French, C. L. 
Friedrich, W., Dr. 
Fromm, Bruno 
Gailor, C. F. 
Galloway, R. Theron 
Gannett, J. K. 
Gaynor, A. E 
Gibson, C. D. W. 
Gobus, Alexander 
Goldstein, Arnold 
Goodman, Charles 
H 


Graham, R. R. 
Graves, Roy C 
Greene, T. W. 
Greenewald, E. L. 
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Greenfield Frank 
Lynne 
Gronquist, Walter 
Grover, LaMotte 
Haag, Joseph, Jr 
Hagstrom, Theorin 


Haller, P. Alfred 
Hasler, Thomas B. 
Havens, Wm. W. 
Helmkamp, R. F. 
Henriques, H. F. 
Higbee, C. W. 
Higgins, Theodore 
R. 


Hoenighausen, John 
Hoffberg, William A. 
Holland, S. Emil 
Holwill, Claude N. 
Hovey, O. E 

Hovey, Walter F. 
Howard, F. O 
Howard, Wayne A. 
Hurley, Wm. 
Iwasaki, Massahide 
Jacobus, David 


Jarolim, Frank 
Johnstone, R. Adam 
Kehl, Robert J. 
Keir, James M. 
Kennedy, Robert E. 
Keogh, Anthony F. 
Kerbey, E. A. 
King, Frederick J. 
Kinzel, Augustus B. 
Kissock, Alan 
Koblack, Victor 
Koenig, Otto A. 
Kugler, Arthur N. 
Lamb, Henry C. 
Langfur, Jacob 
Lauria, Thomas 
Lavine, Geo. S. 
Lavoy, Louis 
Lee, Leonard 
Lindquist, Albert K. 
Lingner, George L. 
Loeser, John C. 
Loiselle, Edward 
Lowrie, William 
MacSorely, Wm. W. 
Maeurer, F. J. 
Magrath, Joseph G. 
Mandell, Michael 
Mangon, J. Walter 
Mayer, Steve 
McCracken, Edwin 
D. 


McKiernan, James 
D. 


Meyer, C. G. 
Miller, Frank A. 
Miller, Ralph E. 
Milligan, Robert G. 
Moisseiff, Leon S. 
Moody, Chas. G. 
Mooney, Ralph B. 
Morales, Robert J. 
Morehead, F. H. 
Muir, Jas. H. 
Murphy, J. J. 
Myck, Harold 
Myhre, L. O. 
Naes, Birger 
Nihlen, Arvid 
Obert, C. W. 
Ochler, Alfred G. 
Oliver, Frank J. 
Oneal, A. R. 
O'Reilly, Eugene J. 
Palmer, Walter 
Peterberns, Bernard 
Pino, George B. 
Place, J. W. 
Praeger, E. H. 
Price, Paul L. 
Priest, Benson B. 
Quasdorf, H. C. 
Randall, John F. 
Rechtin, Eberhardt 
Reinhard, H. F. 
Richards, Nathaniel 
A 


Ridgway, Herbert 

Roberts, D. E 

Robertson, R. E. 

Rockefeller Harry 
E 


Rogers, Carroll 
Rogers, H. L. 
Roper, Edward H. 
Rosencrans, J. 
Rossheim, David B. 
Rowland, W. B. 
Russell, Bruce A. 
Ryder, E. M. T. 
Schmuller, Frederick 
Schneider, George 
Schwartzberg, Jack 
Scott, Charles H. 
Seemann, Arthur K. 
Sheffer, John W. 
Slottman, George 
Smith, Alonzo 
Smith, H. Sidney 
Smith, Martin M. 


Smith, Melvin 
Smith, Thomas } 
Smith, Wm. R 
Soriano, Ernest 
Spielvogel, S. W 
Sporn, Philip 
Stanford, Walter 
Stewart, R. W 
Stojowski, Anthon, 
Strauss, Jerome 
Strumph, Clement 
Sussman, Harry 
Sutton, Jesse M 
Jr. 
Svendsen, E 
Swain, Philip W 
Sykes George 
Tangerman, E. 
Tickle, A. B., Jr 
Tinnon, John B 
Townsend, J. R 
Tuttle, Daniel A. 
Ullmer. Herman 
Van Alstyne, G. 
Van Buren, M. H 
Vanderbeek, H. A 
Vom Steeg, E., Jr. 
Wagner, Gerhard 
Walsh, William J. 
Weigel, Albert 
Weiss, Orin Andrew 
Wheatley, John G 
Wikoff, Alan G. 
Wilson, J. Lyell 
Wolf, Richard 
Vates, Ira B. 
Zarnecki, Henry 
Zimmerman, John 


Zullo, Basil 


Niagara Falls— 
Dawson, Joseph R 
Fish, J. Arthur 
Hettler, Wm. M. 
Howell, W. H. 
Huse, Harold M. 
Kozar, Leon C. 
Miller, Wilber B. 
Misener, G. L. 
Roberts, H. J. 
Wustrack, Paul O 


Norwich— 
Fancher, A. C. 


Oswegatchie— 
Mosier, E. L. 


Palmyra— 
Blazey, John 


Patchogue— 
Alexander, Chas. E 


Pittsford— 
Welch, Lyman 


Poughkeepsie— 
Hart, F. H. M. 


Rochester— 
Ackerman, Clarence 


John 
Allan, Edwin 
Ashcroft, Robt. B. 
Auld, Samuel 
Barker, Jerome 
Barker, P. F. 
Barlette, Anthony 
Belli, Raymond 
Brown, Henry H. 
Budds, Geo. W. 
Cattanach, Robert 
L 


Chauncey, Clarence 
Conley, William J. 
Coslett, Charles V. 
Currie, John W. 
De Lice, Peter 
Duemmel, Frank 
Dwyer, Edw. 
Eckberg, A. R. 
Ecklund, Paul A. 
Yontana, Leon 
Fredene, 
Gaylord, 
Goeltz, Philip 
Grant, R. 
Habel, Edward G. 
Hand, Everett L 
Huntley, W. B. 
James, Paul W. 
Kauffmann, Eugene 
A 


King, Harold 
Klick, Alfred J. 
Knopf, Paul 
Lasaponara, George 
Laske, Frank 

Le Cain, G. H. 
Lenahan, Vincent 
Luther, Wm. F. 
Marr, A. Philip 
Martin, Clyde K. 
Martindale, Lioyd 


R. 
Masterson, Donald 


Mather, William 
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Matthies, Arthur 
Meredith, A. B. 
Meston, John 
Milatz, Theodore M. 
Miller, Edward L. 
Mitchell, E. W. 
Mitchell, H. F. 
Morgan, W. Trefor 
Oneil, Edgar 
O’Rorke, Joseph 
Owen, Earl V. 
Peiffer, Fred L. 
Phaff, James 

Pifer, Wm. 

Potter, Samuel 
Prescott, Leonard P. 
Richter, Gerard E. 
Rittler, Carl 
Schmitt, Wm. J 
Sears, Clifford M. 
Sparr, Emil 

Steele, Roy M. 
Stelljes, Gomer 
Thompson, Bruce 
Tysick, J. E. 

Van Epps, W. E. 
Welke, Elmer 
Wendelgass, Andrew 


White, Alfred 
Wills, John A. 
Wilson, G. G. 
Wineck, Fred S. 
Yehle, H. C. 


ome— 
Hunter, J. R. 


Rye— 
Pufahl, Hans R. 
Scarsdale— 


Gruber, Alvin V. 


Schenectady— 


Boehm, W. A. 
Churchill, William 
W 


Clark, Roger W. 
Cochrane, A. G. 
Conway, Frank 
Durham, Clyde 
Edward, Edward J. 
Garman, George W. 
Gillette, R. T 

Hicks, Jesse F. 
Hobart, H. M. 
Hutchins, Warren C. 
Jesperson, Chas. 
Kusek, A. G 

Lipsky, Joseph J. 
MacGuffie, Chas. I. 
Mann, Vernon E. 
Meeker, Lincoln D. 
Miller, F. Harold 
Morenus, Denzil 
Neal, Frank C., Jr. 
Nigriny, Victor 
Palmer, Robert 
Pelton, R. 5S. 
Pustolka, Michael C. 
Redmond, James H. 
Reed, Clifford H. 
Richter, Chas. R. 
Ross, George A. 
Sayre, M. F 

Seott, Stephen S. 
Seely, R. W. 
Sheldon, Lucian A. 
Spittler, E. P. 
Sutter, E. John 
fenes, Laurence N. 
fosh, William 
Vogel, Andrew 
Weinman, Rudolph 


Westendorp, O. 
Henry 

Wilke, R. H. 

Willey, R. C. 

Wilson, Wayne E. 


Wood, A. P. 
Wyer, R. F. 
Scio— 


Markham, Robert 


Scotia— 
Binck, Arthur S. 
Kruse, Harvey H. 
Kuhlberg, Carl F. 


Sea Cliff— 
Senesky, John S. 


Snyder 
Mohring, Robt. F. 


Staten Island 
Dimelow, Harry K 
Harold 


Syracuse— 
Bentley, Harold P. 
Kotsch, A. J. 


Roscoe, John S. 


Tarrytown— 
Reynolds, Joseph T. 
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Tonawanda 
Gaines, John M., Jr. 
Mueller, A. E. 


Troy— 
Clark, LeRoy W. 
Hess, Wendell F. 


Stockholm, Seth R. 


Wyant, Robert A. 


Vernon- 
Roy, E. A. 
Wampsville— 
Pynn, J. Garland 


Watertown— 
Graham, Marshall 


Wellsville— 
Palmer, M. A. 


White Plains- 
Edmondson, G. D. 

Yonkers— 
Husaczka, Stephen 


NORTH CAROLINA 
Charlotte— 

Couch, William O. 

Lombardo, Robert 
Fayetteville— 

Owen, F.C. 
Greensboro— 

Frazier, Joe 

Noe, Thomas P., Jr. 
Hiddenite- 

Eveleth, F. V. 
Raleigh — 

Cope, Ralph L. 
Stoneville 

Moore, Gladstone 


NORTH DAKOTA 
Carpio 
Brekken, Obert J. 


Sentinel Butte— 
Wilson, Charles R. 


OHIO 

Addyston— 

Noppert, John 
Alliance— 

Shem, G. W 
Akron 

Sherbondy, F. G. 
Barberton 


Shipman, Wm. H. 
Batavia— 


Didday, Herman C. 


Bedford 


Lewis, James T., Jr. 


Beloit 
Stanley, LeRoy F. 


Brecksville 
Straub, Carl F. 


Bridgetown 


Beiersdorfer, Louis 


Ww. 
Cambridge— 
Bates, Earl 


Canton— 


Destefano, J. James 


Keplinger, John C. 
Mullane, Leo T. 
Wilson, Ralph L. 


Cincinnati— 
Aschinger, W. P 
Bergmann, Frank 
Black, J. Nelson 
Blakeney, Lewis B. 
Breese, Clayton D. 
Caluwaert, E. C. 
Campbell, Howard 


Campbell, Walter 


M. 
Casey, R. H. 
Davis, Augustine 


Dettwiler, Walter P. 
De Vries, Henry K. 


Diserens, Ralph 
Edwards, Oliver H. 
Fugate, Ralph G. 
Gray, Warren 


Greenlee, Kenneth 
A 


Haase, H. P 
Harbin, Lewis N. 
Harris, A. M 


Heckmann, Albert 
A 


Kaser, Wm. 
Kelley, Bruce A. 
King, Robert 


Kinner, Jesse Earl 


Kraus, Rudolf 


Maddox, W. A 
Miller, Clifford T. 
Naegele, W. R. 
O'Hara, Eric 
Osborne, M. J 
Paolina, A. G 
Paque, E. J 
Petry, Walter W. 
Raftery, T. E 
Rasmussen, Major 
& 
Redden, William A. 
Rosenblum, Abe 
Ross, James K 
Schellhammer, Law- 
rence W 
Smith, F. H 
Smith, H. Christa 
Stav, Carl W 
Stoudt, John M 
Tangeman, Chas. L. 
Thompson, J. W 
Vaught, John E 
Welling, Harry H. 
Winkelman, Harvey 


Cleveland 


Abbott, James A 
Adelson J S 
Aldrich, W. H 
Ames, Ethan E 
Artler, Edward R. 
Aurbach, Lester P. 
Auringer, J. A. 
Baker, W. B 
Bartenfeld, Milton 
G 
Benedict, Everett R. 
Black, William A. 
Boom, W. B 
Brown, Fred E. 
Burr, Louis H 
Campbell, Lorn, Jr. 
Canfield, Lee R 
Carbis, 
Champion, Pierre 
Champion, Robert 
Coakley, John A., 
Jr. 
Collins, Francis J. 
Cramer, Willis T. 
Crowley, J. C 
Czyzak, Stanley J. 
Davis, Alton F 
Davis, Walter E. 
Dawson, Alex Y 
Dewald, William A. 
Donnelly, John W. 
Driscoll, Joseph M. 
Dyar, Hugh H. 
Eirons, Ray 
Eisenman, W. H. 
Elder, Clayton Tho- 
mas 
Engle, Arthur D. 
Fay, Z. John 
Fehr, R. B 
Ferguson, J. E. 
Follett, Richard M. 
Fowles, L. / 
Frantz, Lloyd 
Fraser, Percy Vv. 
Freedman, Carl F. 
Gerchman, Anthony 
Gibson, A. E 
Graham, John 
Gray, Harold W. 
Grover, Thompson 
Grubbs, C. B 
Hales, Felix 5. 
Heffner, Edwin J. 
Henderson, Robert 
Hexter, Irving B. 
Hinger, Roy E. 
Hodge, J. C 
Hudack, Michael 
Hurley, Jack 


Jacob, F. B 
Jennings, Wm. L. 
Jerabek, T. E. 
Johnson, Albert T. 
Kerr, Edward J. 
Ketchum, Milo 5., 


Jr 
Kimball, Don 
Kincaid, John H. 
King, Myron A. 
Kinkead, Robt. E. 
Kinkoff, Louis, Jr. 
Knebusch, Herman 
Kneen, H. F. 
Knowles, A. M. 
Kriz, Robert J. 
Landis, George G. 
Landrum, Robt. 

James 
Lange, Edward C. 
Lawless, Thos. J 
Lincoln, J. F 
Lincoln, James F., 

Jr 
Little, Wm. O 
Low, Albert, 5. 
Loweth, F. C. 
Macey, James R. 
Maine, James Frank 
Malloy, Paul V. 
Markee, Arthur A. 


Maurath, George A 

Mayor, William 

McCloud, Frank 

MecCreery, H. L 

McCreery, Robert 
) 


I 
McDonough, W. R. 
Meister, W. F 
Miller, Alexander 
Morrill, John R. 
Myron, Paul 
Neumann, Dr. A. J. 
Nichols, C. R 
Noonan, Thos. J. 
Nutt, Buell W 
Paton, W.G 
Payne, Spencer 
Pecek, Frank, Jr. 
Pederson, E. B 
Peters, V 
Pfeil, A. Leslie 
Pohorenec, John 
Powers, Ed. C 
Priest, Vernon C, 
Rader, W. E 
Raeburn, James 
Richards, J. 5. 
Rolf, Raymond 
Sangdahl, Geo. 5S. 
Schafer, Charles N. 
Schaub, Carl M 
Scheffler, Carl A 
Schreeck, Karl W. 
Scott, Edward T. 
Sepanski, Chester J. 
Sessions, Frank L. 
Shadrake, Bolick J. 
Shaner, E. I 
Simon, Edward F. 
Skuhrovec, ] 
Skutt, John 
Smith, E.C 
Specht, Joseph 
Spenzer, E. B 
Steinman, John E. 
Stewart, Wm. 5 
Stringham, L. Kee- 
ver 
Struven, Albert L. 
Swift, Willis C 
Taylor, C. M 
Thompson, George 
Thornton, K. C. 
Thow, Frank 
Thum, Ernest E 
Tiegiser, James 
Turk, Earl E 
Vickery, Jess F 
Von Haase, Walter 
Wagner, ] 
Whitmer, Floyd C. 
Wilch, Frank A. 
Williams, E. B. 
Willins, G. I 
Wolfenden, John we 
Wood, James F 
Workman, James C. 


Cleveland Heights— 


Austin, John B 
Carson, Gordon B. 
Cooey, D. Wm 
Gall, Richard F. 
Kessler, F. W. 
Lawrence, Glenn R. 
Mettler, F. W 
Patnik, Albert 
Schouvizner, Mi- 
chael S 

Smith, E. W. P 
Wall, William E 
Williams, A. M. 


Cleves 


Bergmann, J. R. 
Biery, Albert A 
Miller, Oliver W. 


Columbia Park 


Collins, Forrest L. 
Murray, Edw. M. 


Columbiana 


Barrow, Clyde 


Columbus 


Art, Vernon 
Beeler, Eugene W. 
Beiers, Earnest 
Beyer, Edwin R. 
Broughton, Thos. M, 
Caldwell, Francis 
Cary, Howard B. 
Dahle, Frederick B. 
De Bruin, Harry W. 
Duff, Ralph 

Emig, Emery 
Filimon, Victor 
Foust, J 

Gardner, James 
Geisler, Geo. L 
Gilbert, Yowland 
Goehringer, E. 
Grant, C. O 

Gruss, Alder R. 
Hanes, Walter W. 
Hecox, Emory 
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Lorentz, Roy E., Jr 


Memphis 
Fox, E.R 
Henson, Vergil A 
Heppel, Fred C. 


TEXAS 
Baytown— 
Stewart, H. M. 
Hughen, J]. M 
Pittman, E. W. 
Rollins, Chummy 


Borger — 
Hile, Leo 


College Station 
Cook, Bob 


Corpus Christi 
Crane, Virgil B 
Hare, M. P. 


Dallas— 
Donegan, F 
Drury, B _ Jr 


Murphey H Bruce 
Picard, D. S., Jr 


Voorhies Nicholas 
{ 


Welch, Loyd 
Wharton, John O 
Wilson, John A 
Young, C. A 


Denison 
Walling, Jesse 


Denver City— 
Olivo, W. L 


Forth Worth 
Akey, R. P 
See, Paul G 
Tomlinson, Thos. E 
Whaley, William 


Galveston — 
Kane, J. J 

Houston— 
Abbe, T W 
Alhart, 


Allen, Ben H 
Arnoldy, R. F 
Ashby, I. F 
Beeley, Raymond 
Bender, Ray C 
Boyer, F. E 
Bruckmiller, Edwin 
H 


Brugge, B. J. 


Brunt, Roy 
Burke, W. P 
Burns, T. V 
Cargill, Clarence C 
Carver, John A 
Chambers, R. A 
Cook, Marvin 
Courtright, L. H 
Cryer, Chas. W 
Culbertson, J. I 
Dahl, Joe 
Dillman, E. E 
Donaldson J R 
Dye, Gil V 
Estes, L. I 
Glover, W. B 
Goolsbee, C. C 
Goth, L. M 
Grafton, A 
Greer, W H 
Hall, R. E 
Herbert, Roy F 
Horrigon, J. R 
Howard, Frank 
Hudson, Wm. 7 
Irvin, J. I 
Jackson, Edward C 
Jalowy, H.C 
Jones, Ed. C 
Ketchbaw, Thomas 
D 
Kinser, Roy 
Klauberg, Walter E 
Largent Jack 
Leahy, Wm. C 
Lincoln P.M 
Liner, W. R 
Luger, Karl E 
McCarthy, H. P 
McDugle, W 
McGlasson, S. G 
McLaren, L. G 
Merritt, R.A 
Meyers, G. A 
Moreland, Banks 
Muckleroy, J. M 
Nelson J 
Netherwood, Joseph 
Ss 


Pryor, J. F 
Ralston, R. W 
Reed, Malcolm V 
Roberts, Emmett 
Rogers, Cullin 
Ross, C. W 
Scharnberg, Henry 
Smith K. 
Smith, 

Steffen Cc 
Sugg. L. D 
Thompson, Perry 
Van Wart, W. B 
Wait, J. R., Jr 


Weeks, M 
Welch, H. L. 
White, J. R 


Wilkins, E. L 
Williams, Joe 
Woods, G. W 
Wright, W. C 
Livingston 
McDonald, S. F 


McAllen 
Thomas, J. P 

Midland 
Osburn, E. R 


Port Arthur 
Farquhar, B. W 
Perkins, Howard 


Pt. Neches 
Remington, C. I 


Ranger 


Elwood, Howard 


Texas City 
O'Quinn, J. D 


Tyler 
Smith, W. C 
Wichita Falls 
Wilson, John H 


UTAH 
Salt Lake City 
Allen, Frank M 
Jenkins, Don S 
Kluge, Leroy E 
Pingree, C. C 
Richeda, Fred 
Smith, Belmont 


VERMONT 

Brattleboro 

Dunklee, Robert E 
Burlington 

Thomson, W. L 
Rutland 

Gilbert, John C 
Shelburne 


Mac Donough, R. C 


GEOGRAPHICAL LIST OF MEMBERS 


Spring field 
Howard, W. F 


VIRGINIA 


Alexandria 
Duty, James M 


Arlington 
Anderson, Robert | 
Bert, John D 
Brooker, Edgar 
Erwin, Frank ] 
Falconer, Archer F 
Hiles, R. E 
Me Millan, Robert P 
Miller, B. M 
(Halloran, Thos. S 
Roberts, Raymond 
Swope, Robert B 
Wagstaff, John P 


Buckroe Beach 
White, Dan 


Falls Church 
Beck, Tage 


Hampton 
Capper, Chester W 


Hopewell 
Morris, T. C 


Ivanhoe 
Niebanck 


McCrady 
Ward, R. E 


Newport News 
Cunningham, R. H 
Jones, S. O 
Voldrich, C. B 


Norfolk 
Taylor, J. 1 
Whitehurst, 5S. R 


Portsmouth 
Greene, P. C 
Lawler, Dan 
Pollock, William R 


Richmond 
Miller, Crosby 


Roanoke 
Mallory, A. V 
Meybin, Robt. ] 
Winton, Robert P 
Wright, S. J 


Yorktown 

Berkeley, L. R 

WASHINGTON 
Bremerton 

Davis, R. H 

Fladiand, Henry G 
Coulee Dam 

Ford, Wm. F. 

Yetter, Gilbert L 
Renton 

Bruce, Geo. A 
Seattle 


Bolte, Frank B 
Brett, Geo. 5 
Burque, L. A 
Burwell 
Cheever, H. A 
Conrad, Frank A 
Dickinson, Ray 
mond E 
Drew, L. F 
Ellis, Richard 
Flohr, E. Firmin 
Frink, Francis G 
Hallum, J. D 
Haynes, Hanford 
Hoffman, C. H 
Holt, Joseph 
Holt, | T 
Luetke, James 
McBride, G Mor 
gan 
McCormick, John B 
Nelson, John 7 
Nickum William 


Pim, E. H 
Robinson, C. A 
Rock, Allen A 
Russell, Ralph S 
Sehaller, Gilbert S 
Shafer, A. B 
Smith, Sidney K 
Styer,C. M 
Tadlock, J. H 
Tepley, George | 
Thibeau, Dewey R 
Thomson, Alexander 
Uribe, Manuel 
Winship, Ralph 


Spokane 
Douglas, Geo. C 


Tacoma 
Browning, T. Roy 
Morgan, G. H 


Richard 


WEST VIRGINIA 


Burlington 


Woodworth, Walter 
Z 


Charleston 
Beck, William A 
Horn, Tom | 


Chester 

Lawton, Frank 
Fairmont 

Helmick, Robert 
Morgantown 

Jone I 

Martin, Glenn 
Parkersburg 

Dempsey, J]. B 
Point Pleasant 

Weissenburger, ( 
Weirton 

Barrett, George 

Ir 

Botts, John 
Wheeling 

Foss, Feodore 

Lautner 
Wolf Summit 

Shelbaer, W. N 


WISCONSIN 


Appleton 
Miller, Niels ¢€ 


Beloit 
Allen, Franklin I 
Owens, |]. W 
Cudahy 


Furguson, Clyde 


Eagle River 
Inberg, Elmer ] 


Green Bay 


N. 


A 


Moody, Chester 5 


Kenosha 
Zahn, Otto 
Kohler 
Biever k 
Wirtz, Wm 
LaCrosse 


Weisbecker, T. R 


Manitowoc 


Burger, Walter W 


Herbst, Fred, Jr 


Huchthausen, W 


ter 
King, Robt. E 
Olsen, L. B 
Pitz, A. I 
Smith, Edwin R 
Steel, Adam, Jr 
Wallace, W. 
West, John D 
West, Robert D 


Neenah 
Schiemann, E. H 


Pewaukee 
Meyer, Arnold 


Milwaukee 
Adams, Robt. © 
Arbella, Edward 
Archer, Fred C 
Bailie, Harold E 
Barkow, | I 
Baumler, Harold 
Behling, Emil A 
Behling, Harold 
Behmke, Peter S 
Boeck, R. E 
Boncher, Harry P 
Brandt, Elmer J 


A 
Ww 


Brekelbaum, Erwin 


Brown, Arthur G 
Chyle, John ] 
Corp, Paul 
Crawford, Wm. E 
Demaison, Victor 
Downing, Donald 
Evert, Herbert W 
Frank, Louis ( 
Freeburg, W.5S 


Friese, A. H 
Garriott, F. E 
Gehl, A.M 


Gibbons, R. 
Grant, Leland E 
Graske, Joseph G 
Gusho Joseph 
Hansen, K_ 
Hansen, Ralph E 
Hasslinger, Willis 
4 

Heitman, Charles 
Hensley, Maurice 


H 
R 


am 


N 


Hibbard, } Gardi 


ner 
Hinkle, W. R 
Holman, Arnold 
Johnson, Gustave 
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Johnson, Wm. T. 
Keating, Leonard 
Keim, Lee J. 

Keller, R. J. 

Koch, Bernard A. 
Koresh, George 
Kraetsch, Elmor J. 
Kutuchieff, Ivan 
Larson, Louis J 
Lau, Wilbur H. H. 
Loucks, F. B 
Matush, Milan A. 
Me Millan, Ainslie 
MeNeill, J. M. 
Meyer, Gilbert F. 
Miller, Vern V. 
Millette, Millard M. 
Mueller, Rudd O. 
Nystrom, K. F. 
Oecesterlein, W. 
Overton, Lyrn 
Pawlowski, John A. 
PoehIman, Wm. J. 
Radway, Lawrie C. 
Rauter, Alfred C 
Reichert, Harold W. 
Riebeth, Theodore J. 
Rogers, Charles 
Rutishauser, M. H. 
Schoenbaum, Carl F. 
Chas. 


Schomann, William 
Seorey, George 
Sedam, M. G. 
Shodron, John G. 
Smith, S.H 

Steidl, Erwin A. 
Sternke, Richard W. 
Stevens, Joseph H. 
Stoffregen, Karl W. 
Voss, Otto C. 
Robert 


Walker, K. 

Walz, Gottlieb 
Wampler, Claude P. 
Welch, Jerome 
Wierschem, Henry 
Wyse, Robert 
Young, Raymond A. 
Young, Willard A. 
Zentgraf, Lesley 


Racine 
Swift, Clinton E. 


Sheybogan- 
Beyer, G. Gilbert 
Boettner, Fred W. 
Brehm, Elmer 
Busse, Marvin H 
Stovern, Ingram 
Wiemann, Albert W. 


South Bend 
Fleming, Herbert J. 


Sturgeon Bay 
Christenson, Ray 
Wolter, Wm. J. 


Two Rivers 
Hansel, Joe 
Kemm, H. E 
Shimek, Frank W 


Wauwatosa 
Eddingsaas, Otis 
Sarvis, A. L 
Volz, Fred O. 
Williams, Sylvester 

Vv. 


West Allis- 
Gilson, Hiram B. 
Gorman, Wilbur R. 
Marks, Raymond 
Quartz, Herbert O. 


WYOMING 
Casper— 
Frisby, Dean E. 


Laramie— 
Trueblood, Richard 
QO, 


Pinedale 
Toro, August 


CANAL ZONE 


Austin, Seneca B. 
Brooks, G. Irving 
Cauthers, Ralph A. 
Cody, H. F 
Colby, Fred C 
Fergusan, J. L. 
Galloway, William 
M 


Goodwin, J. F. 
Hess, George A. 
Hollick, Robt. E. 
Jones, Clifford B. 
ones, Linwood M. 
aar, Paul Harry 
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MacDonald, Harold 


Morales, Ralph A. 
Murray, James G. 
O'Neill, J. J. 
Palmer, John W. 
Percy, Willard E. 
Peto, Frank 
Salberg, Kare 
Scarlett, W. E. 
Schultz, George E. 
Seipel, Arnold A. 
Splete, E. H. 
Strand, Chester E. 
Sullins, C. V. 
Summers, William 
Cc 


Warden, Robert W. 
Wiff, Roon W. 
Wiggin, A. 


TERRITORY OF 
HAWAII 


Ewa — 
Wiley, Frank— 


Hickam Field— 
MacQueen, Richard 
Ww. 


Hilo— 
Chief Engineer 
Lindgren, Henry 


Honolulu— 
Carpenter, B. P 
Carrier, Louis E. 
Cunha, Frank 
Elliott, William 
Evans, Everette 
Glover, Geo. M. 
Hansen, George 
Lee, Henry T 
Mardick, John K. 
Mullin, Alfred N. 
Orso, M. P. 
Renton, Allan 
Ross, G. M 
Ryan, C. M. 
Shilling, William 
Slipper, Alan G 
Smith, William E. 
Wasson, John W. 


Lihue- 
Neely, Arthur C 


aui 
Colbert, James E. 
Smith, E. Butler 


Oahu 
Johnston, Robt. 
Lothian, James 
Nishimura, Kenichi 
Pestana, Edward 
Kenichi, Sudo 


Paauhau— 
Chalmers, Robert F. 
Papaikou- 
Anderson, Alex. A. 
S. M. 


Schofield Barracks— 
Phillips, Martin J. 
Wailuku 
Johnson, John M. 


PHILIPPINE 
ISLANDS 
Bennett, F.C. 
Black, A. B 


Blossom, D. E 
Donnelly, Wm. Wise 


PUERTO RICO 


Ferre, Herman 


AUSTRALIA 
Ahlston, A. C. 
Beattie, William H. 
Ferry, 


Leigh, W. K. 
Pullen, K. G. 
Rigby, Edw. J. 


BELGIUM 
La Grange, D. 
Van Craen, Al 
phonse 
BRITISH WEST 
INDIES 


Stibbs, Edward G. 


CANADA 
Simon, W. H. 


Alberta— 
Bradshaw, A. 
Green, G. W. 
Latta, A. L. 


British Columbia— 
Beckett, George H. 
Davis, Maxwell R. 
Lindsay, J. A. 

Ross, John A 
Scott, G. F. 
Palmer, H. 


Manitoba— 
Bogh, Waldemar 
Clark, G. L. 
Meurer, P. G. 
Mills, Gordon 


Ontario— 
Alison, R. G. 
Baumann, A. J. 
Best, Frank A. 
Bonnett, B. 
Boychuk, Mike 
Boyes, Stanley 
Brown, James S. 
Budman, Frank 
Cave, Joseph 
Cavin, Gustave 
Crase, George H. 
Edwards, George 
Fisher, A. 
Forbes, Edward 
Gordon 
Foster, George J. 
Fournier, George 


Hall, A. J. 
Hamilton, Chester 
B 


Kelly, Joseph J 
Kornacher, William 
H 


Laughton, James A. 

Lloyd, David S. 

Macdonald, Robert 
H 


McMurtry, L. C. 
Porter, J. Gordon 
Rumble, George 
Scibor, Frank 
Scott, George E. 
Sherry, Clarence H 
Smellie, J. T. 
Specht, George 
Stickney, W. Ralph 
Tomlin, Alfred J. 
Tuck, J. H. 
Verch, Allen A. 
Vuchnich, M. N 
Walcott, William 
Daniel 
Wales, C. Clarke 
Walker, John A 
Walker, Walter 
Francis 
Whittemore, Carl R. 
Wilson, R. B. 


Quebec — 
Blanchard, Jules R. 
Cape, Gordon 
Cassells, John 
Chambers, Hugh 
Charette, Paul 
De Montigny, Lu- 

cien 
Gour, Philip 
Gratton, Yvon 
Kerry, Frank G 
Layton, Michael S. 
Lyster, H. M. 
Mercier, Joseph 
Roast, Harold J. 
Royer, Jacques 
Rozon, W. A. 
Scott, Douglas 
Stewart, J. R. 
Townsend, W. M. 
Lt. Tremblay 
Viberg, E. R. 
Wall, A. S. 
Williams, F. H. 


Saskatchewan— 
Morris, Ernest J. 


CHINA 


Burgess, Norman O. 


DENMARK 
Lowener, V. 
Madsen, K. K. 


ENGLAND 
Bainbridge, C. G. 
Braithwaite, R. G. 
Clark, Henry Wil- 

mot 
Ferguson, Samuel 


Fergusson, Hugh B 
Gardner, E. P.S 
Mitchell, James 
Moore, Samuel 
Patterson, John H 
Plowright, R. J. 
Owen 
Purslow, Herbert 
Reeves, Dr. Lewis 
Silverwood, Barry 
Ww. 
Stephenson, A. 
Thompson, J. H. N 
Tibbenham, Louis 
John 
Tucker, Norman Al- 
bert 


FRANCE 
De Maille, Roland 
Kauffmann, Rene 
Langquepin, Jacques 
E. 
Louis, J. 
Pinczon, J. 


Sarazin, R. 
Sciaky, David 


GERMANY 
Fleiss, H. H. 
Graf, Otto 
Sommer, Dr. Franz 


HOLLAND 
Rosskopf, Thos. 
Van Ouwerkerk, L. 


INDIA 


Bhagat, N. B. 
Corstorphine, John 
Tweed, R. 


IRELAND 
Fay, Patrick 


PERSIA 
Hall, Thomas C 


ITALY ROMANIA 
Belotti, Agostino Miklosi, Dr. Ing 
Cornelius 
JAPAN 
Ebashi, T. SOUTH AFRICA 
Ojima, J. 
Rabbitt, James A. oe Maurice J 
Tsuruta, Akira 
Ujiiye, T. Carnac, A. J. Rivett 
, Dall, David Mac 
Donald 
Eaton, C. D. 
MEXICO Erenyi, G. 


Gemmell, Robert D 
King, Cyril L. 
Maine, Sidroy G 
Nel, Gert Jacobus 


Easton, Frank S. 
Neumann, Othong 
Rock, Esteban 


NEW ZEALAND 


Beadle, T. M. 
Edmundson, C. D. 


SOUTH AMERICA 
Gwynne, G. R. 
Haag, Paul R. 
Hoffman, C. Ray- 

mond 
Horgrave, Fred M 
NORWAY 

Borsum, Finn 

Jacobsen, Odd 

Jankov, Paul V 

Torbjornsen, E. 


Jewell, Alpha 

Maroni, Angel A 

Silva, Renato 

Walling, Lloyd 

Zimmermann, Oliver 
E. 


PALESTINE 


Hearn, W. W. 
Robinson, William 


SWEDEN 


Forssell, Pontus 
Hagglund, Gosta 


For Thorough Training 


of Welding Operators 
USE THESE COURSES 


OXYACETYLENE WELDING 


ARC WELDING 


Don't be caught short on skilled welding operators, so necessary to meet 
today's emergency conditions. Here is a sure way to train new men... to 
inform present operators of new procedures and techn'ques. Conduct your 
own classes utilizing these Airco courses covering both the oxyacetylene 
and arc processes. Each course consists of two separate books, one con- 
taining a complete set of work sheets, the other lecture material to be used 
as a supplement to the first. Books may be purchased separately, or the set 
of four for $3.50. Clip coupon for free trial order. 


FREE 10-DAY 
TRIAL OFFER 


AIR 


General Offices: 
60 East 42nd St., N. Y. C. 


REDUCTION 10-day trial 


THE WELDING JOURNAL 


& AIR REDUCTION SALES COMPANY 


60 East 42nd Street, N. Y. C. 
Plecse send me without obligation 
Oxyacetylene Quantity Arc Quantity 
lecture book $1..... [lecture book $1... 
exercise book .50...[] exercise book $1.. D 
Complete set of four books $3.50..... ‘J 
Check enclosed [_ 


Company 


Title 
Address 


DECEMBER 


= 
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| 
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THERMIT * 


Thermit Welding Departments in many 
steel mills are effecting real economies. A 
single emergency repair, preventinga long 
and costly shut-down of an essential piece 
of equipment, often results in an enor- 
mous dollar and cents return. Meanwhile, 
savings made in routine repairs and the 
reclamationofbrokenrolls, pinions,crank- 
shafts and other parts from the scrap pile 
more than pay for the upkeep of such 
departments. 


_ METAL & THERMIT CORPORATION ¢ 120 BROADWAY. NEW YORE 
ALBANY + CHICAGO 


lr WELDING 


ADVERTISING 


Our engineers will gladly help originate 
a Thermit Welding organization in your 
mill. Their years of steel mill experience 
make them fully competent to train a 
welding crew and to suggest ways and 
means of using it to best advantage. 


Write today. 


PITTSBURGH +- SO. SAN FRANCISCO + TORONTO 


L 
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SUSTAINING COMPANIES 


Companies Supporting the Society Through Regular 
Advertising and Sustaining Members 


Products and Activities as Furnished by Each Company 


J. D. Adams Manufacturing Company, Indianapolis, Indiana, 


manufacturers of road building and maintenance machinery 
since 1885, is the oldest exclusive road machinery manufactur- 
ing company in the country. The major units in the Adams 
line are Motor Graders, Leaning Wheel Graders, Elevating 
Graders, Hauling Scrapers, Road Maintainers, Tamping Rollers, 
Terracers, Road Plows, Fresnos, etc. 


Air Reduction Sales Co., Lincoln Building, 60 East 42nd Street, 


New York, N. Y. Produces and supplies Airco high-purity 
oxygen, nitrogen, hydrogen, argon, neon, helium, krypton and 
xenon, atmospheric gases, acetylene, carbon dioxide in liquid 
and solid ““DRY-ICE” form, carbide, Airco welding and cut- 
ting torches, pressure regulators and automatic welding and 
cutting machines, acetylene generators, welding and cutting 
supplies, gas welding rods, electrodes and Wilson Arc Welders. 
Maintains a nation-wide oxyacetylene welding and cutting and 
arc welding supply service distributed through 26 district sales 
offices, 585 distributing stations and 112 plants. 


The American Brass Company, Waterbury, Conn. Manufactures 


Anaconda copper alloy welding rods for oxyacetylene and elec- 
tric welding, including Tobin Bronze, Anaconda 997 (low- 
fuming), manganese bronze, brazing metal, phosphor bronze, 
electrolytic copper, deoxidized copper, Super-Nickel and Ever- 
dur. Tobin Bronze (reg. U.S. Pat. Office) is a most satisfactory 
material for general oxyacetylene welding because of its uni- 
formity, composition, free flowing qualities at 1625° F. and high 
tensile strength. The low welding temperatures usually obviate 
the necessity of special preheating and dismantling. 


American Bridge Company, Pittsburgh, Pa. Fabricators and 


erectors of structural steelwork for every purpose, including 
bridges, buildings, barges, hulls, towers, substations, dams, 
turntables, viaduct and subway structures. Also manufacturers 
of eyebars and electric furnaces of the Heroult type. Plants 
at Ambridge, Pa., Gary, Ind., Trenton, N. J., Elmira, N. Y., 
Pittsburgh, Pa., Minneapolis, Minn., and Toledo, Ohio. 


“American Bureau of Shipping, 24-26 Old Slip, New York, N. Y. 


President, J. Lewis Luckenbach. Vice-President and Chief 
Surveyor, D. Arnott. A society for the survey and registry of 
shipping, whose committees of management comprise the 
representative shipowners, underwriters, shipbuilders and 
marine engineers of the United States. The Bureau exists 
solely for the benefit of these various shipping interests, all 
accrued funds being used for its maintenance and the improve- 
ment of the service. The Bureau has a large corps of surveyors 
stationed at the various ports of the world. Welding for ships 
comes under its supervision. 


American Car and Foundry Company, 30 Church Street, New 


York, N. Y. Designers and builders of railroad equipment 
including passenger and freight cars of conventional or light- 
weight design, fabricated by riveting, welding or a combination 
of both methods. Tank cars with riveted or welded tanks. 
Welding of tanks by either forged or fusion methods. Mine 
cars and industrial cars of all descriptions; wheels; miscellaneous 
forgings. Twelve plants strategically located throughout the 
country. 


*American Gas and Electric Service Corporation, 30 Church Street, 


New York, N. Y. Public utility servicing corporation for 
American Gas and Electric Company’s wholly owned subsidiaries 
operating an interconnected system composed of Indiana & 
Michigan Electric Co., Indiana General Service Co., The Ohio 
Power Co., Wheeling Electric Co., Appalachian Electric Power 


* These companies also carry a Sustaining Member in the Society. 
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Co., Kentucky and West Virginia Power Co., Inc., and Kingsport 
Utilities, Incorporated. The Scranton Electric Co. and Atlantic 
City Electric Co. operate separate systems. The Service Organi- 
zation has pioneered in utility engineering, in high-tension trans- 
mission and large high-pressure steam plant practice. 


American Institute of Steel Construction, 101 Park Avenue, New 


York, N. Y., is the membership organization of the fabricators 
and erectors of structural steel in the United States. The In- 
stitute is interested in the standardization of the product and 
its design, improvements in design and fabrication methods and 
the advancement and promotion of the market for steel struc- 
tures. 


The American Ship Building Company is engaged in the construc- 


tion and repair of ships, engines and boilers. It is the oldest and 
largest organization of its kind on the Great Lakes. This cor- 
pany operates seven shipyards, located as follows: Lorain, 
Ohio, Cleveland, Ohio, Superior, Wis., South Chicago, IIL, 
Buffalo, N. Y. (two plants) and Toledo, Ohio. General Offices 
and Engineering Departments are located in Cleveland, Ohio. 


American Steel & Wire Company, Cleveland, Chicago, New York 


and all principal cities. The electric and acetylene welding rods 
manufactured by this company are labeled “‘Premier.’’ These 
rods include low carbon, high carbon, alloy steel and stainless 
steel. They also manufacture U.S. S. stainless and heat-resisting 
steels in the form of cold rolled strip steel, wire and wire prod- 
ucts. A complete line of standard S. A. E. alloys is also avail- 
able. 


Anti-Borax Compound Co. Inc., Fort Wayne, Indiana. Manufac- 


turers of the world-known “E-Z"’ Welding Compound for general 
forge use and ‘‘Crescent’’ Welding Compound, the best substitute 
for borax. Manufacturers of ‘‘Anti-Borax’’ Oxyacetylene Weld- 
ing and Brazing Fluxes. ‘‘Anti-Borax’’ Fluxes include a flux for 
welding cast iron; a brazing flux for brass, bronze, malleable 
iron, etc.; a flux for bronze welding cast iron; two aluminum 
welding fluxes; a stainless Steel flux; a flux for Silver Soldering 
and a Tinning Compound. ‘“Anti-Borax’’ Fluxes are guaran- 
teed to give perfect satisfaction. 


*The Atlantic Refining Company, Philadelphia, Pa., manufacturers 


and marketers of petroleum products. A fully integrated Com- 
pany producing crude oil in the Mid-Continent field with re- 
fineries at Philadelphia and Port Arthur, Texas. Maintains 
research laboratories in conjunction with its refining and oil 
producing activities. Through subsidiaries operates some 2200 
miles of crude and product pipe lines and a fleet of 25 ocean 
going tankers. Marketing territory—the Atlantic seaboard, 
from Massachusetts to Florida—also in foreign countries. 


The Austin Company, Cleveland, Ohio. Engineers and builders 


for industrial plants of all kinds including manufacturing plants, 
warehouses, power plants, office buildings, research laboratories. 
The company maintains offices in twelve cities throughout the 
United States, as well as in Canada. Its structural steel fab- 
ricating plant at Cleveland pioneered in the development of 
welded structural steel and has furnished and erected upward 
of 50,000 tons of welded steel for industrial plant construction 


*The Babcock & Wilcox Company, 85 Liberty Street, New York, 


N. Y., manufactures water tube steam boilers, both stationary 
and marine, pulverized-coal equipment, water-cooled furnaces, 
steam superheaters, economizers, air heaters, chain-grate stokers, 
refractories and process equipment. A subsidiary, The Bab- 
cock & Wilcox Tube Company, manufactures seamless tubes 
and pipe of steel and alloys. Works at Barberton, Ohio, Beaver 
Falls, Pa. and Augusta, Ga. 
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let's look 


there is no need for us to advertise 


Ar to the thousands of victor welding 
p= > | and cutting equipment users--- 
a." they know its quality and enjoy its 


ownership economy 


naturally then, we address 
ourselves to those not 
yet familiar with our product 
and to them we reiterate 


this honest claim 


it costs less to own and 
operate victor gas welding and 


cutting apparatus 


victor equipment company 


844-50 folsom street, san francisco 


coast to coast distribution 
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*Badenhausen Corporation, Cornwells Heights, Pa., a subsidiary 
of Riley Stoker Corporation, Worcester, Mass. Designers, 
Fabricators and Erectors of Heating & Power Boilers—Land 
and Marine, High and Low Pressure Steam Generating Units, 
Superheaters, Economizers, Waterwalls, Airheaters, Desuper- 
heaters, Stacks, Tanks and Pressure Vessels of Riveted or Fusion 
Welded Construction. 


*E. B. Badger & Sons Co., 75 Pitts St., Boston, Mass. Estab- 
lished 1841. Licensing agents, designers, builders of Houdry 
Catalytic Cracking plants and Edeleanu units. Complete 
plants and equipment for distillation and treating of petroleum 
oils. Complete laboratory for evaluation of crudes and petro- 
leum products. Complete chemical plants for producing alco- 
hol, solvents, synthetic chemicals, coal tar products, cellulose 
products, paints, for the rubber, food product and soap indus- 
tries and recovery of wastes. Corrugated expansion joints for 
steam, oil and process piping, including high temperatures and 
pressures. 


Bastian-Blessing Company, The, General Offices 240-258 East 
Ontario St., Chicago, Ill. Pioneers in equipment for using and 
controlling high pressure gases. Manufacturers of the complete 
line of Rego Oxy-Acetylene Equipment including Welding and 
Cutting Torches, Regulators, Automatic Gas Economizers; 
High Pressure Charging- and Discharging-Manifolds, Fittings, 
Valves, Relief Valves for Oxygen, Acetylene, Hydrogen, Car- 
bonic and Liquefied Hydro-Carbon Gas Industries. The Rego 
line is sold and serviced by National Cylinder Gas Company, 
with warehouse stocks in all principal cities, and by Distributors 
throughout the United States, Canada and abroad. 


*The Bath Iron Works Corporation, Bath, Me., has built or is 
building 90 ships since 1927 including first class yachts and 
trawlers for private owners as well as Coast Guard Cutters and 
destroyers for the United States Government. 3100 men are 
currently employed in the yard of which 300 are in the Welding 
Department. Over 70% of the riveting has been replaced by 
welding. The men must have experience in welding in confined 
positions and a variety of metals such as medium steel (black 
and galvanized), high tensile steel, stainless steel, monel metal 
and aluminum. 


*Bell Telephone Laboratories, Inc., 463 West Street, New York, 
N. Y. The laboratory research unit of the Bell Telephone Sys- 


tem engages in basic laboratory investigations in the electrica 
arts of communication and in the sciences fundamental to those 
arts; develops and designs systems and apparatus for wire and 
radio communication, both telephone and telegraph, develops 
and investigates materials and establishes standards of quality. 


“Bethlehem Steel Company, General Offices, Bethlehem, 
produces steel in all grades and analyses, and manufactures a 
wide range of commercial steel products such as: Alloy Steels: 
Bars and Special Sections; Boiler and Pressure Tubes; Stee] 
Pipe and Casing; Bridges, Buildings and Steel Structures: 
Building Specialties; Steel Plate Work and Construction Cast- 
ings; Corrosion-Resisting Steels; Flanged and Dished Products: 
Forgings; Pig Iron; Rails and Accessories; Semi-Finished 
Steel; Freight and Passenger Cars, Mine Cars; Steel Joists and 
Studs; Pipe; Plates; Sheets; Piling; Structural Shapes; Tin 
Plate; Tools and Tool Steels; Trackwork; Wheels, Axles: 
Wire Rope and Strand. 


Big Three Welding Equipment Company with offices and ware- 
houses at Fort Worth, Houston, Corpus Christi, San Antonio, 
Port Arthur, Texas, Tulsa, Oklahoma City, Oklahoma, are 
exclusive distributors for Lincoln Electric Company, selling all 
types electric welding machines, Fleetweld and alloyed elec- 
trodes of alltypes. They carry a full line of welding accessories; 
rent, trade for and sell used welding machines of all kinds. Also 
handle a full line of oxyacetylene welding equipment, air com- 
pressors and other tools pertaining to the welding industry. 


*Blaw-Knox Division, Pittsburgh, Pa., construct fusion welded 
equipment for high pressures and have all facilities to meet every 
requirement of the A. S. M. E. Code. They are experienced in 
the fabrication of the various special corrosion resisting alloys 
and their engineering department designs Process equipment to 
meet specific purchaser’s requirements. In addition the diversi- 
fied interests of their other divisions put them in an unusual po- 
sition to serve the equipment user. 


*Edward G. Budd Manufacturing Company, Philadelphia, Pa., 
and Detroit, Mich. ALL STEEL automobile bodies and stamp- 
ings. Die and Tool Work. Stainless steel railway cars, stain- 
less steel marine and bridge structure, airplanes, automobile 
truck, bus and trailer bodies, fabricated by the SHOTWELD* 
process. Equipment for the Rayon & Chemical Industries. 
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ECONOMICAL 
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Use National Carbide in the Red Drum 
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Ask your Page Distributor to give you a copy of the booklet "F h 
Stainless Steel Electrodes.” ‘Get complete information rom him. 


"PAGE STEEL AND WIRE DIVISION MONESSEN, PENNSYLVAN! 


AMERICAN CHAIN DIVISION «HAZARD WIRE ROPE DIVISION READING-PRATT & CADY DIVISION 
AMERICAN CABLE DIVISION MANLEY MANUFACTURING DIVISION READING STEEL CASTING DIVISION Pagers 
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WELDER CONTROL 


This custom built timer is used with a Syncro-Break welder contactor 
to make practical operating speeds as high as 325 welds per minute. 


In this day of specialized machinery for single purpose 
and high speed production, automatic resistance welder 
control is called upon to perform new and increasingly 
difficult cycles of operation. Square D welding engineers 
have both the experience and equipment to provide a 
solution to new problems encountered. 


A CASE STUDY - -~ One automobile manufacturer required: 


A Production rates as high as 325 welds per minute. 
B An accurate weld time of less than 3 cycles because of the 
high speed operation involved. 


Even spot spacing and regular cadence in operation to avoid 
tiring the operator. 


D Accessible adjustment to save time in “set-up” work. 


Reliable performance over the millions of operations that 
would be expected in a single production program. 


THE SOLUTION BY SQUARE De--A revolutionary 


type of timer construction was developed, including: 


A Compensation for operating speed limitations of the pneu- 
matic welding tool. (A Delay time was added to the usual 

Squeeze, Weld, Hold and Off periods, to provide adequate 

pressure on the first weld of a series without reduction in 

operating speed.) 

A synchronous motor driven timer mechanism for accuracy. 


Positive determination of all five timing periods within a 
single revolution of a motor driven cam shaft. 


Indicating adjustments for all periods that can be changed 
while control is in service. 


Ball bearings, precision construction of motor driven parts 
and high ek prensa relays that operate only to begin and 
end a series of spot welds—not each weld. A Syncro- 
Break contactor was used to break the power circuit with- 
out arcing at its contacts, giving maximum service with 
minimum maintenance. 


Aa Juvitation: Square D engineers are always ready to give 


individual attention to your problems. If they 
cannot be solved using one of the many standard control devices 
available, consideration will be given to such modifications or 
new developments as may be necessary. 


SQUARE J] COMPANY 


DETROIT- MILWAUKEE -LOS ANGELES 


IN CRNROR: SQUARE COMPANY CRNROR LIMITED. TORONTO, ONTARIO 


| 


TRADEMARK—SHOTWELD,* ALL STEEL. * Reg. | 


pat. office. 


| *Carnegie-Illinois Steel Corporation, Carnegie Building, Pitts. 


burgh, Pa., and 208 South LaSalle Street, Chicago, Ill., a sub. 
sidiary of United States Steel Corporation. Combined in this 
one unit are the manufacturing facilities of the former Carnegie 
Illinois and Lorain Steel Companies, and American Sheet and 
Tin Plate Company. Production covers a vast range of rolled 
forged, cast and fabricated steel products—plates, shapes, bars. 
rails, sheets, tin plate, stainless and heat resisting steels, high- 


tensile steels, all types of alloy steels and special sections of every 
description. 


*The Champion Rivet Company, of Cleveland, Ohio, Westem 


Plant at East Chicago, Indiana, is one of the pioneer companies 
in the metal joining industry. Over forty-five years ago the late 
Mr. David J. Champion founded the company and pioneered in 
the manufacture of steel rivets. During the past ten years they 
have been making a complete line of heavily coated welding 
electrodes known to the trade as Champion Red Devil, Blue 
Devil, Gray Devil shielded arc electrodes. They are repre- 
sented in practically all the principal cities of the United States 


*Chicago Bridge & Iron Company, 37 West VanBuren Street, 


Chicago, Ill. The Company employs welding in the fabrication 
of vessels conforming to Paragraph U-68 of the A. S. M. E. Code 
for Unfired Pressure Vessels at its Birmingham plant, and ves. 
sels fabricated to Paragraph U-69 of the Code at its Birmingham, 
Chicago and Greenville, Pennsylvania plants. Also in building 
pipe lines, barges, flat bottomed storage tanks, spheres, spheroids, 
smokestacks and elevated tanks. 


The Clark Controller Co., 1146 E. 152nd St., Cleveland, Ohio, 


P. C. Clark, Pres., W. H. Williams, V.-P.; manufacturers of 
electrical control apparatus such as A.C. and D.C. Motor 
Starters; A.C. and D.C. Hydraulic and Mechanical Brakes; Push 
Buttons; Resistors; A.C. and D.C. Contactors; Welding 
Contactors; Kickless Cable for Portable Welder Guns; Crane 
Control; Master, Foot, Cam Limit and Hatchway Limit 
Switches; Factory Assembled Electrical Control Panels; 
Voltage Regulators, etc. A complete plant with international 
use of their products. Twenty-six offices and distributors in 
principal U. S. cities. 


The Clearing Machine Corporation, 6499 West 65th Street 


Chicago, Ill., is engaged in the manufacture of standard and 
custom built power presses for the metal working industries 
Welded steel construction is employed in the manufacture of 
small, medium and large size mechanical and hydraulic presses 
ranging from 50 ton single action to double and triple action 
presses of any desired tonnage. Clearing manufactures press 
brakes, dies, pneumatic and hydropneumatic die cushions. 
Advanced welding design and modern manufacturing facilities 
are features of CLEARING products. 


Cleveland Electric Illuminating Company supplies electric service 


in Cleveland and 133 other communities in five counties in 
northeastern Ohio. Territory is 1700 square miles and extends 
approximately 100 miles along south shore of Lake Erie from 
Conneaut to Avon. Population 1,400,000. Customers 335,000 
Power is generated in three interconnected power plants—at 
Ashtabula, Cleveland and Avon. These plants have total 
generating capacity of 520,000 kilowatts; additional 120,000 
kilowatts under construction. Company also provides central 
steam heating service for the downtown area of Cleveland. 


*Combustion Engineering Company, Inc., 200 Madison Avenue, 


New York, manufacturers of all types of Water Tube and Fire 
Tube Boilers, Pulverized Fuel Burning Systems and Stokers; 
also Water-Cooled Furnaces, Superheaters, Economizers and 
Air Heaters; fabricators of Pressure Vessels, Tanks, etc., welded 
or riveted, in carbon, alloy or clad steel; also Platework, Do- 
mestic Range Boilers, Gas Water Heaters, and Cast Iron Soil 
Pipe and Fittings. 


Commonwealth Edison Company, 72 West Adams Street, Chicago, 


Illinois. Public utility operating company engaged in the pro- 
duction, purchase, transmission, distribution and sale of electric 
energy for domestic, commercial, industrial, transportation and 
municipal purposes, in the City of Chicago. 


*Crane Co., 836 So. Michigan Ave., Chicago, Ill. Crane Co. main- 


tains fabricating shops in Chicago, Bridgeport, Birmingham, Los 
Angeles and other Branches in the larger cities throughout the 
country. In Chicago complete facilities are available for bend- 
ing, lapping, welding and heat treating of piping in both carbon 
and alloy steels for use in steam power plant, oil refinery, oil 
and gas transmission, chemical and various other industries 
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The custom-made wire for exacting welders 


Bare Welding Electrodes * Covered Welding Electrodes 

Gas Welding Wire « Roebling Welding Cables: Mode in o 

complete line of rubber and braided types for arc welding purposes 

John A. Roebling’s Sons Company, Trenton, N. J. 
Branches in Principal Cities 


ONLY A FINE PRODUCT MAY BEAR THE NAME ROEBLING 
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Pressure vessels are also fabricated by welding under A, S, M. E, 
Code requirements. 


*The Detroit Edison Company does the entire commercial electric 


lighting and industrial power business in 40 cities, 87 incorpo- 
rated villages and rural areas in 217 townships with a population 
conservatively estimated at 2,580,000. Territory served 7587 
square miles. Operates 4 large steam power plants, 3 small 
steam plants and 7 small hydraulic plants with a total capacity 
of 1,095,675 kw. The Company serves 697,767 electric custom- 
ers, 11,193 gas customers and 1577 steam heating customers. 


*Dowingtown Iron Works, Downingtown, Pa., welded plate fabri- 


cation of every type for all purposes of ordinary carbon steel, 
chrome nickel, chrome alloys, nickel, nickel clad steel, stainless 
clad steels, Monel metal and Silicon bronze; to form: acid 
tanks, air pressure tanks, grease tanks, jacketed tanks, pressure 
tanks, tanks for storage of chemicals, buoys, pontoons, stills, 
calandrias, fermentation tanks, storage bins, etc. 


Dravo Corporation, Neville Island Station, Pittsburgh, Pennsyl- 


vania. Designers, fabricators, builders of barges, cranes, tow- 
boats, tugs, car floats, dump scows, dredges, derrick boats, 
material handling installations, steel floating and terminal 
equipment, ore bridges, mine cars; fabricator of pipe, structural 
steel, reinforcing steel, pneumatic caisson; also, producers and 
shippers of sand, gravel, ready mixed concrete; contractors for 
locks, dams, bridge piers, retaining walls, shafts, tunnels, in- 
dustrial foundations, pump houses, heavy machinery sales and 
installations. 


The Eastman Kodak Company is the world’s largest manufacturer 


of photographic materials and equipment, with three plants at 
Rochester, New York; plants at Kingsport, Tennessee, Peabody, 
Massachusetts, Chicago, and Toronto; five plants in Europe; 
a plant in Australia; and a world-wide distributing organization. 
The Kodak Research Laboratories’ staff, numbering 500, en- 
gages in scientific work pointed toward the continuous advance 
of photography. Nonphotographic materials manufactured 
include acetate rayon, an acetate molding composition, cellulose- 
nitrate and cellulose-acetate solutions and synthetic organic 
chemicals. 


The Electroloy Company, Inc., 1600 Seaview Avenue, Bridgeport 


Connecticut, with offices in the various manufacturing cen; 
are producers of all types of Resistance Welding Electrode: 
Their products include many high-strength, high-condu tivies 
copper base alloys, developed especially for the resistance weld. 
ing industry. These alloys are supplied either in rough form a 
forgings, castings and rolled bars, or as finished electroc; 
any type of resistance welding. The Company maintains 
program of engineering and developmental research in th 
sistance welding field. 


as 


da 


Electro-Motive Corporation, La Grange, IIl., manufactures [icse 


locomotives from 300 hp. and up for switching, branch lin 
transfer, freight and high-speed passenger service, all of welded 
construction. Road locomotives are entirely of welded cop. 
struction made of various pressings and structural shapes and 
mostly of high tensile alloy steels. 


The Federal Machine & Welder Company of Warren, Ohio, manu. 


facturers of all types of resistance welders including butt and 
flash welders, spot and projection welders, seam welders, multiple 
spot of both the ULTRA SPEED and hydromatic type, port. 
able gun welders and resistance heaters. Special Welders have 
been developed for many fields, including steel strip mills, alumi- 
num and stainless steel aircraft welding, refrigerator, automobile 
and railroads. Standard welders are kept in stock. 


Federal Shipbuilding and Dry Dock Company, General Office and 


works: Kearny, New Jersey. New York Office: 21 West 
Street. Builders of naval and merchant ships, barges and float- 
ing structures. Drydocking and vessel repair work. 


*The Fibre-Metal Products Co., Chester, Pa. Manufacturers of 


Welding Accessories and Industrial Face Protection. Origina- 
tors, inventors and manufacturers of a special and exclusive 
process for producing ONE PIECE Arc Welding Helmets and 
Hand Shields from vulcanized fiber. Also, a complete line of the 
same items in Fabricated styles. Chrome Leather Helmets 
Sand Blast Helmets, Metallic and Carbon Arc Electrode Holders. 
A portable machine, known as the WELD-PROBER, for re- 
moving specimens from butt-welded joints for visual, physical 
and chemical analysis has recently been added to their line. 


These portable units can be quickly applied 
to the production and cost problems of your 

engineering service is available to you for 
all other applications. 


Write us for complete information on your 
automatic welding requirem ents. 
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Process 


of 
Automatic Welding 
Does 3 week job 
in 11 days!! 
With Improved Quality 


Recently, Wendnagel Company of Chicago, suc- 
cessful bidder on a competitive job, estimated 
three weeks’ time required for manual welding the 
special 54-foot Heavy | Beams, as illustrated 
above. The Unamatic Process of automatic welding 
was put on this job and it was completed in eleven 
days time. 


In addition to a 53% savings in labor and a 48% 
reduction in time, excessive distortion was elimi- 
nated. The finished welds were uniform, without 
undercutting, and the quality and appearance of the 
welding was far better than ordinarily obtained. 


This is not an unusual case. It is typical of many 
jobs where Unamatic Welding has been used to 
increase welding speeds, reduce labor costs, and 
improve the appearance and quality of the job. 
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FIFTEEN YEARS PROGRESS BY RESISTANCE WELDING 


ut 
ly 
to 
id 


HERE’S 


VALUABLE EXPERIENCE! 


Can You 


@During the past fifteen years, Resistance 
Welding has worked closely with peace-time 
industry in developing welding machines for 
the automotive, aircraft, electric appliance, 
steel barrel, and many other industries. The 
job then was to speed up metal fabrication, to 
cut operating costs, to strengthen construc- 
tion, and to improve product design. Today 
—now—products for war and defense com- 
mand much of industry’s attention. Many of 
the manufacturing problems are still the 
same—plus the demand for even more speed. 
This wealth of experience accumulated by 
Resistance Welding is now available to 
American Industry in the new job of making 
munitions, naval craft, airplanes, railroad 
equipment, tanks, trucks, and other items on 
today’s program. 


Consult any of the member companies listed 
here. They have experienced engineers avail- 
able who can show you what results Resis- 
tance Welding can accomplish in your plant. 


WELDER 


MANUFACTURER'S ASSOCIATION 
505 Arch Street 


ER 1940 


Philadelphia, Pa. 
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MEMBER COMPANIES 


Multi-Hydromatic Welding and Manufacturing 
Co., Detroit, Mich. 

National Electric Welding Machines Co., Bay 
City, Mich. 

Progressive Welder Company, Detroit, Mich. 

Swift Electric Welder Company, Detroit, Mich. 

Taylor-Hall Welding Corporation, Worcester, 
Mass. 


Taylor-Winfield Corporation, Warren, Ohio 


Thomson-Gibb Electric Welding Co., Lynn, 
Mass. 


Welding Machines Mfg. Co., Detroit, Mich. 


Acme Electric Welder Company, Huntington 
Park, Calif. 

American Electric Fusion Corporation, 
Chicago, II. 

Eisler Engineering Company, Newark, N. J. 

Expert Welding Machine Co., Detroit, Mich. 


Federal Machineand Welder Company, Warren, 
Ohio 


ASSOCIATE MEMBER COMPANIES 


S-M-S Corporation, Detroit, Mich. 
Electroloy, Inc., New York City 


Welding Sales and Engineering Co., Detroit, 
Mich. 


P. R. Mallory and Co., Indianapolis, Ind. 
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NO TIME TODAY 


FOR EXPERIMENTS.. 


Fast Production with Reliability in finished 
products is the vital need of the hour. The sure 
way of meeting both demands is to use methods 
and materials that stand tried and proved! 


When it comes to joining ferrous, non-ferrous 
and dissimilar metals, a time-tested way to get 


speed with reliability is to 


Experience in plant after 
plant in many industries proved beyond ques- 
tion that SIL-FOS and EASY-FLO make joints 
of superior strength, soundness and reliability 

and at the same time substantially reduce 
brazing time and costs 


PROVE IT 1n your OWN PLANT 
ON YOUR OWN WORK That's the sure 
way to find out just what SIL-FOS and EASY- 
FLO can do for you. We'll gladly cooperate and 
send recommendations, if you'll tell us your prob- 
lems, or have a field engineer call and demon- 
strate how to use these alloys. Write today. 
If you want literature ask for Bulletins WJ-5, 
9, and 10. 


On production set- 
ups like this, low 
temperature brazing 
makes brazing time 
per joint a question 
of seconds. 


The maker of this 
evaporator made 
over 100,000 joints 
(3/4" diameter) 
with SIL-FOS with- 
out a single leak 
under air test. 


HARMAN 
82 Fulton St., New York, N.Y. 


; Agents in Principal Cities 
In Canada: HANDY & HARMAN of Canada, itd., Toronto 


The Fidelity and Casualty Company of New York, 80 Maiden Lane 
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*Handy & Harman, 82 Fulton Street, New York City. Products 


N. Y. This company, for more than sixty years, has provided 
insurance protection for power plants throughout the | nited 
States and Canada. Every boiler and machinery policy-holde; 
receives an engineering service which provides for periodic 
inspections of the insured equipment. This alone is of inestj. 
mable value in that defects and improper conditions are dis. 
covered before causing possible loss of life and property. The 
engineers are equipped with the latest type of instruments for 
properly inspecting the insured equipment. 


Foster Wheeler Corporation, 165 Broadway, New York City. 


Manufacturers of steam power plant and oil refining equipmen: 
including high- and low-pressure vessels of simple and alloy 
steels, welded, tested, stress relieved, to A.S. M. E.-A. P. I. ang 
other code standards. Marine steam generators to Navy and 
U. S. Maritime Commission standards. Heat exchangers oj 
various types for operating pressures up to 3200 Ib. per squar 
inch and with head loads of 6,000,000 Ib. have been furnished 
Branch offices in principal cities, also Canada and Europe 


*Freeport Sulphur Co., 122 East 42nd St., New York, N.Y. Mines 


and markets crude sulphur or brimstone. Product is better than 
99'/.% pure and free from selenium, tellurium and arsenic. Mines 
located near deep water at Port Sulphur, La., and Freeport 
Texas. Ample stocks assure prompt delivery. Company's 
subsidiary, Cuban-American Manganese Corp., produces man- 
ganese ores for open hearth and blast furnace use. Stocks at 
Baltimore, Md., and Mobile, Ala. 


*Frick Company, Waynesboro, Pa. This company builds ice- 


making and refrigerating machinery and air-conditioning equip- 
ment and uses electric and oxyacetylene welding in making 
various parts of their systems. Pressure vessels, such as am- 
monia, carbon dioxide, methyl chloride and Freon-12 receivers 
oil separators, accumulators, condensers and brine coolers are 
all of welded construction; also continuous pipe coils, headers 
and bends are welded. They use welding for tanks, pans and 
for repairing castings and are interested in the art in all its 
phases. 


General Electric Company, General Offices, Schenectady, N. Y. 


Manufactures a wide variety of electrical and arc-welding equip 
ment including: Single-operator generators direct connected to 
electric motors, gas or diesel engines, or belt drive. Multiple 
operator, constant potential génerators, motor driven. Allter- 
nating-current welding transformers. Resistor arc welders 
Semi-automatic and automatic arc welders, including complete 
machines for welding tanks, pipes and other products. Automati 
and manual atomic-hydrogen are welders for quality welds 
Welding accessories, including cable and complete line of extruded 
and bare electrodes. 


*Grinnell Company, Inc., 260 West Exchange St., Providence, R. I. 


Executive Offices are in Providence, but Sales Offices and 
Branches are located in the principal cities of the United States 
and Canada. Maintains Prefabricating Plants in Atlanta, Ga., 
Cranston, R. I., and Warren, Ohio, where complete facilities are 
available for prefabrication of all classes and types of piping 
including Bending, Van Stoning, Welding and Heat Treating of 
carbon and alloy steels used in Power Plants, Process Plants 
and Oil Refineries. 


include, Sterling Silver, 999 ‘‘Plus’’ Fine Silver Anodes, Grain 
Silver, Gold and Silver Wire, Karat Golds and Gold Solders, 
Gold Bars, Silver Bars, Platinum Metals, ‘“‘Handy’’ Silver 
Solders, Sil-Fos and Easy-Flo low temperature brazing alloys, 
Powder Metal Products, Handy Flux. We also refine all kinds 
of manufacturers’ scraps, sweeps and other waste containing 
precious metals, also old gold, silver and platinum. 


*Klaus L. Hansen, Consulting Electrical Engineer, specializing in 


development of electrical machinery and processes, inventor of 
the P & H Hansen arc welding generator manufactured by the 
Harnischfeger Corporation of Milwaukee, available in capacities 
from 100 to 600 amperes in the electric motor driven machines 
and 150 to 400 in the gas engine driven welders. General con- 
sultant on arc welding problems; technical expert in patent liti- 
gation. 


Harnischfeger Corporation, 4400 W. National Avenue, Milwavu- 


kee, Wisconsin. Manufacturers of the P & H Hansen Arc 
Welder, famous for its single current control and patented Stabil- 
ized Arc. Available in capacities from 100 to 600 amperes 1m the 
electric motor driven machines and 150 to 400 in the gas engine 
driven welders. Welding positioners, all welder accessories and 
P & H Smootharc welding rod are also produced, making Har- 
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SIMPLIFY AND 


Only 12 days were required for complete 
fabrication of this stamping press crown with rolled 
steel construction. Time saving is one of the many 
cardinal advantages in the use of rolled steel for 
machine construction. Immediate execution of the 
design is possible. There are no delays for parts 
or patterns. In this case weight was reduced 55%. 


For faster construction 
and longer-wearing 
equipment 


fabricate with these 
better steels 


US'S Cor-Ten — to resist corro- 
sion; to reduce weight or increase 
strength. 

Man-Ten — to increase 
strength without adding weight. 
Abrasion Resisting 


Steel—for use where abrasive con- 
ditions are exceptionally severe. 


Heat Resisting Steel 


—to combat high temperatures. 


Stainless Steel—to resist 
corrosion of all kinds. 


Carilloy Alloy Steels 


—to carry tremendous bearing pres- 
sures. 


CARNEGIE-ILLINOIS STEEL CORPORATION, 
COLUMBIA STEEL COMPANY, 
TENNESSEE COAL, 


SPEED UP CONSTRUCTION 
with Welded Rolled Steels 


ODAY industry is facing the 

call for drastic increases in pro- 
duction. Manufacturers everywhere 
are being asked to swing over to new 
and unfamiliar products. Time is a 
vital factor. And to meet this emer- 
gency, more and more plants are 
turning to rolled steel construction— 
because no other method of fabrica- 
tion offers the same advantages of 
speed and economy. 

Seemingly impossible jobs can be 
finished in a hurry with welded rolled 
steel construction. Time and expense 
are saved by the elimination of pat- 
terns and cores. Designs can be “car- 
pentered in steel” direct from blue 
prints. “In progress” alterations can 
be made quickly and easily. The work 
is half way to completion when you 
use rolled steel—a thoroughly worked 


product free from blow holes and 
other imperfections, ready for im- 
mediate fabrication. 

Using rolled steel construction puts 
the entire range of metallurgy’s spe- 
cial steels at your disposal. They may 
be readily combined with one an- 
other, or with plain steel or castings, 
to improve your product, to give it 
greater strength and less weight, to 
reduce its cost. Equipment can be 
designed with its true functional re- 
quirements in mind—every part can 
be made to perform at fullest efh- 
ciency. 

Are you taking full advantage of 
the special steels now available? Why 
not consult a U-S-S engineer on the 
best ways to use them? His advice 
and assistance are yours without ob- 
ligation. 


Completed in one week, this [1.600 pound 
gear, with an inside diameter of 9 11'4°. is proof 
of the speed possible with rolled steel construction. 
Experience in previous similar jobs showed that 
it would have required nearly a month to build the 
same gear with other methods of fabrication. 


. 


Time saved 50°. Tie Goodman Manulacturing 
Co., Chicago, lll. used rolled steel plates and struc- 
taral sections for all parts of this roller leveler 
except the top roller housing and front guide por- 
tions; cast elements are cast steel. The results 
were greater strength per of weight, 
saved in weight, 5° saved in cost 


Pittsburgh and Chicago 
San Francisco 
IRON & RAILROAD COMPANY, 
United States Stee! Export Company, New York 
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nischfeger one of the leaders in the Welder Industry. Offices 
and service facilities in all principal cities. 


Harris Calorific Company, 5501 Cass Avenue, N. W., Cleveland, 


Ohio. Pioneer manufacturers of Welding and Cutting Torches 
for utilizing Oxygen in combination with Acetylene, City Gas, 
Natural Gas, Propane and other Fuel Gases; famous ‘‘Multi- 
Stage’ and other Regulators for controlling either high- or low- 
pressure gases, ‘‘Gasavers’’ and Automatic Acetylene Gene- 
rators, Automatic Torches, Pipe-Scribers, Oxygen Manifolds 
and Scarfing Torches. Also the ‘“‘MASTER-MIND,” an in- 
strument to indicate and record performance of Electric Arc 
Welding Operators. Distributors in all principal cities. 


*Hartford Steam Boiler Inspection and Insurance Company, 


Hartford, Connecticut. Insurers against loss from accidents to 
boilers, unfired pressure vessels and power apparatus. The 
Company endeavors to reduce the likelihood of accidents by 
means of periodic inspections of each insured object and it also 
makes shop inspections of pressure vessels of all kinds during 
construction. It checks designs of pressure vessels for insurance 
acceptability and to make certain that they comply with the 
several construction Codes and State Laws. 


Haynes Stellite Company, Kokomo, Indiana, a Unit of Union Car- 


bide and Carbon Corporation, manufactures wear-resistant and 
corrosion-resistant alloys, metal-cutting tools, special cast and 
rolled products, hard-facing materials for protecting metal-wear- 
ing surfaces. Brand names of products are Haynes Stellite hard- 
facing rod, Haynes Stellite ‘2400’ and J-Metal metal-cutting 
tools, Hascrome hard-facing rod, Haystellite cast tungsten car- 
bide products and Hastelloy nickel-base alloys for corrosion 
resistance. Haynes Stellite hard-facing rods and Hascrome 
hard-facing rods are available through all apparatus shipping 
points of The Linde Air Products Company. 


The Heltzel Steel Form and Iron Co., Warren, Ohio. Complete 


steel fabricating and engineering service. General steel plate 
fabricating for such industries as machinery, welding, rubber, 
steel mills, coal, including machine bases, stacks, breechings, 
pipe line, etc. Standard products include steel forms for road- 


way, curb and gutter, sidewalks, foundations, sewers and tun- 


nels; steel bins, weighing and conveying equipment for concer: te 
aggregate and bulk cement, both portable and stationary 
concrete buckets, subgrade planers and testers, concrete finish. 
ing tools; a complete line of gasoline or electric powered concrete 
finishing and strikeoff machinery. 


“Hercules Motors Corporation, General Offices, Canton, Ohio 
Factories, Canton, Ohio, and Muskegon, Mich. Oil Field Sales 
and Service Branches, Houston, Kilgore and Odessa, Texas and 
Salem, Illinois, manufacturers of a complete line of modern 
gasoline and Diesel Engines for Heavy Duty Service—2, 4 and 
6 Cylinder models, ranging from 4 to 200 hp. World’s largest 
manufacturer specializing in the design and production of In- 
ternal Combustion Engines, exclusively. Hercules engines 
both gasoline and Diesel, are widely used in the Welding In. 
dustry. 


The Hobart Brothers Co., Hobart Square, Troy, Ohio. Manu- 
facturers of Hobart ‘‘Multi-Range’’ Arc Welders for genera] 
purposes in all standard sizes, 150, 200, 300, 400 and 600 amperes, 
operated by electric motor, gasoline engine, or diesel engine, as 
well as generators only for use with customer’s own power unit. 
Also featuring special models such as the ‘‘Streamliner,”’ “‘Air- 
craft Special,’ ‘‘Tractor Type Self-Propelled,” ‘‘Mine Type 
Underslung,” “Railway Self-Propelled,” etc., and a complete 
line of Electrodes and other supplies for electric arc welding. 


Hollup Corporation, 3357 West 47th Place, Chicago, Illinois. 
Manufacturers of (1) the SUREWELD line of Protected Arc 
electrodes, (2) Wanamaker and Rex lines of Coated and Proc- 
essed electrodes, (3) Gas welding wire and supplies. A welding 
rod for every job in electric and oxyacetylene welding. Engi- 
neering service to users of welding available from Chicago and 
other principal cities. 


*Industrial Publishing Co., 812 Huron Road, Cleveland, Ohio, 
publishers of Industry and Welding, distributed to 27,000 
executives, supervisors, welding engineers and shop men. Deals 
with the economic side and the technical side of welding—new 
developments, news of the industry and technical articles on the 
practical phases of all types of ferrous, non-ferrous, alloy welding 
and cutting. 


REPOINTING 


MANGANAL 


Reg. U. S. Pat. Office. U. S. Patents 1,876,738—1,947,167—2,021,945 
Il to 134° Manganese Nickel Steel 
WELDING ELECTRODES AND APPLICATOR BARS 


APPLICATOR 
BARS 
FOR 

BUILDING 


SHOVEL 


& SIDE 


CAST ALLOY STEEL PUMP SHELL REBUILT WITH 

MANGANAL APPLICATOR BARS AND MANGANAL 

HIGH STRENGTH BARE WELDING ELECTRODES. 
SOLE PRODUCERS 


STULZ-SICKLES COMPANY 


134-142 Lafayette St. Newark, N. J. 
Sold Through Distributors Only 
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WATER-COOLED 
TIP HOLDER 


The Answer to Spot 
‘ng 


in 
Horg 
fo 
Ge, at” Places... 


Here’s a holder that has won the plaudits of large 
spot welding users as a major advancement in the 
resistance welding field. It has been engineered with 
the utmost care and constructed of materials espe- 
cially selected for high strength, high conductivity 
and resistance to wear. 


One of the best-liked features of this Universal 
Off-Set Holder is the Tip Knock-Out Device which 
completely eliminates the difficulties often encoun- 
tered in removing replaceable tapered shank tips. 


Write today for complete specifications and prices. 


P. R. MALLORY & CO., INC. 


INDIANAPOLIS INDIANA 
Cable Address—Pelmallo 


PR. MALLORY @ CO inc 


MALLOR 


 T 


The New MALLORY Universal Off-Set 

USE USE 

¥ PUMP 
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_ the Hebeler Welding Company of 
Buffalo, New York, were called in on 
this emergency job, they took one look at the 
fractured 4!-ton punch press; promptly recom- 
mended repair welding with Anaconda 997 
Low Fuming Rod...a high strength, tough 
weld metal with low fuming characteristics. 

The job consumed 160 pounds of filler rod 
and 1,600 feet of both oxygen and acetylene. 
Chipping, preheating with natural gas and 


compressed air and other preparation required 
35 hours; welding, 11 hours. The result was 
a strong sound weld and a happy production 
manager, for the downtime loss was only a 
fraction of what he expected. 

Next time you're faced with a similar emer- 
gency, bear this story in mind. Anaconda Rods 
are produced in an extensive line of alloys 
for all kinds of welding. You can obtain 
them from your jobber. wus 


THE AMERICAN BRASS COMPANY, General Offices: Waterbury, 


ADVERTISING 


In Canada: Anaconda American Brass Ltd., New Toronto, Ont. Subsidiery of Amsconde Copper 
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*Inland Steel Company, Chicago, Illinois. Open Hearth Steel 


Manufacturers: Semi-Finished Products, Merchant Bars, Con- 
crete Reinforcement Bars, Plates, Inland 4-Way Floor Plates, 
Shapes, Steel Sheet Piling, Rails and Track Accessories, Hot and 
Cold Rolled Sheets and Strip, Galvanized Sheets, Zinc-Alloy 
Sheets, Cold Reduced Tin Plate, Tin Mill Black Plate, Terne 
Plate, Rail Steel Products, Fence Posts, Inland Copper-Alloy, 
Inland Hi-Steel. Inland Ledloy Bulletins gladly sent upon 
request. District Offices: Detroit, Milwaukee, Kansas City, 
St. Louis, St. Paul, Cincinnati. 


*International Harvester Company, 180 North Michigan Avenue, 


Chicago, U.S.A. The International Harvester Company make 
farm machines, farm tractors, dairy equipment, oil engines, 
farm wagons, motor trucks, industrial tractors, crawler tractors, 
Diesel engines and power units. 


*The International Nickel Co., Inc., 67 Wall Street, New York, 


N. Y. Manufacturers of Inco Nickel, Monel and Inconel weld- 
ing wire for oxyacetylene welding; Inco Monel gas welding flux 
and Inconel gas welding flux for oxyacetylene welding of Monel 
and Inconel, respectively; flux-coated electrodes for metal arc 
electric welding of nickel, nickel-clad steel, Monel, Monel-clad 
steel, Inconel and Inconel-clad steel. Producers of nickel, 
Monel and Inconel bars, rods, sheets, strip, tubes, plate, pipe 
and forgings. 


*Jackson Products, 15122 Mack Avenue, Detroit, Michigan. 


Manufacturers of completely insulated electrode holders for use 
in electric are welding. Insulation consists of heat-resisting 
shields, pretecting all metal parts, eliminating flashes due to 
contacting holder with grounded metal. Features claimed are 
safety, avoidance of work spoilage, long life, coolness, lightness. 
Rod capacities vary from '/,,” to */,", currents, 200 to 500 amps. 
The line also includes five bare type models of corresponding 
capacity. 


The Jeffrey Manufacturing Co., Columbus, Ohio. Founded in 


1877, the company is the largest plant in the world manufactur- 
ing both mining machinery and material handling equipment, 
chains, transmission and reduction machinery. Branch plants 
in Montreal, Canada, and Wakefield, England. Sales offices, 
distributors, representatives available to every country through- 


bulletin. 


BETTER STRONGER WELDS with the 
New LOW.COST 


2500 Ib. (capacity) 


Sansome. POSITIONER 


Case histories in Ransome files reveal these important facts. 


@ Time and labor savings of from 30% to 50% on cylindrical, 
circular or odd shaped pieces. 


@ Welding rod saving of from 5% to 7% by less rod waste. 


@ More uniform, better and stronger welds. 


POSITIONERS ALSO AVAILABLE IN 1,1!», 3, and 8 TON CAPACITIES 


out the world. A subsidiary, The Ohio Malleable Iron Com. 
pany, is one of the largest producers of malleable castings 
Another subsidiary, The Galion Iron Works & Mfg. Co., serves 
the road-building industry. 


*The Kimball Safety Products Company, 7314 Wade Park Avenue, 


Cleveland, Ohio, manufactures Accident Prevention Equipment 
for the prevention of injuries to workmen in industry. All types 
of personal protection for the workmen such as goggles, helmets, 
fire and acid resisting clothing are manufactured. 


Lenape Hydraulic Pressing & Forging Co., West Chester, Pa. 


Manufacturers of accessories for power boilers, chemical vessels 
oil refinery equipment and pipe lines. Products include: seam- 
less forged welding necks; flared and straight neck flanged 
nozzles; circular, elliptical and oval seamless manhole necks 
and nozzles; welding and riveting studding outlets; manhead 
and handhole fittings; saddles and rings; reducing, saddle, 
orifice, expansion, bull plug, A. G. A. and large O.D. flanges 
All products are hot flanged or press forged from many grade 
of carbon and most alloy steels. 


The Lincoln Electric Company, Cleveland, Ohio, specializes in 


manufacture of ‘Shield Arc’’ dual continuous control welders 
single-operator variable voltage machines in motor-driven, gas- 
engine, Diesel engine and belt-driven models of 75 to 600 amperes, 
capacities N. E. M. A. rating; automatic welders utilizing 
“Electronic Tornado”’ process of carbon arc welding; electrodes 
for all applications of arc welding; accessories and supplies 
of all types for manual and automatic are welding; also ‘‘Linc- 
Weld” motors for A.C. current; starters and controls. 


*The Linde Air Products Company, 30 East 42nd Street, New 


York, N. Y., a Unit of Union Carbide and Carbon Corporation, 
produced the first commercial oxygen by the liquid air process 
in America and is the world’s largest manufacturer of this prod- 
uct. Its 70 plants and 97 warehouse stocks serve every indus- 
trial community in the country. A complete engineering and 
practical service is maintained to assist customers in applying 
the oxyacetylene process effectively. Linde also markets 
Oxweld, Prest-O-Weld and Purox welding and cutting apparatus 
and supplies, Prest-O-Lite dissolved acetylene, Union carbide, 
Carbic and processed carbide, acetylene generators and flood 
lights. 


The new 2500 Ib. model is available for either hand or motor operation. 
The 32 inch square, all welded, T-slotted, table top tilts from horizontal to 
45 degrees beyond vertical and revolves a full 360 degrees. Write for 


Industrial Division 


RANSOME CONCRETE MACHINERY CO. 


DUNELLEN 
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Model 


presents an efficient method of making a clean cut of steel —light or heavy sections 


Stop 


INVESTIGATE 
HARRIS MODEL 


PORTABLE CUTTING MACHINE 


SPEED RANGE 


The Model “K” has an exceptionally wide range —from 3" to 60" per minute (forward or reverse) 
This range is obtained in a manner which insures long life for the motor. The motor. a 110 
volt Universal, operates on either AC or DC current 


INSTANT CONTROL 


An exclusive feature found only on the Model ‘’K’ 
permits accurate cutting of sharp corners and angles 
chine to be reversed instantly 


INSTANT STOPPING, without overrun, 
A convenient switch permits the ma 
A Lever disengages the Clutch for ‘Free-Wheeling 


STABILITY 


The Model “K” is Streamlined” with a low chassis and underslung Torch Holder, thus eliminat- 
ing harmful vibrations and assuring exceptionally smooth cuts 


TRACTION 


Two Hardened Drive Wheels of large diameter assure maximum tractior 


Two Swivel Follower 
Wheels provide four-point support 


The Model “K"’ can ascend and descend a 10% grade 
with a variation of only .05 ampere 


INVESTMENT 


To own a Model ‘K"’ opens new manufacturing fields resulting in new customers, yet it repre 
sents an outlay of less than 1/10 the price of a good machine lathe or 1/2 the 
Punch Press Dies 


of ordinary 


The HARRIS CALORIFIC CO. 
5501 CASS AVENUE, N. wW. 


CLEVELAND, OHIO 
DISTRIBUTORS IN ALL PRINCIPAL CITIES 


With this 


equipment Metal Working Shops and Manufacturers can replace costly Castings and Forgings 


with parts quickly flame-cut from inexpensive and readily accessible steel plate 
“K” makes Straight Cuts, Beveled Cuts, Circles and Irregular Shapes 


The Mode} 


Its versatility enables 


shops to expand their service and handle work heretofore out of their equipment range. This 


machine can be equipped with Torches for the use of Acetylene 
other combinations with Oxygen 


Propane, Natural Gas and all 


The Model “K"’ is definitely an inexpensive way of opening 


entirely new fields. Write for folder WJ12. 


Harris Mode! ‘‘K"’ in position to cut 
a very small diameter circle, with a 
single torch mounting 


Harris Model “K"’ in position t ut irregular 


Harris Model ‘K"’ in positionto make 
shapes This is accomplished by ymbining a double cut, using a two torch 
power and manual! cross feed mounting with extension holder 
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Link-Belt Company, Chicago, Philadelphia, Indianapolis, San 
Francisco, Atlanta, Dallas. Materials handling machinery; 
power transmitting equipment; dryers; sand washing and sizing 
machinery; coal tipples and washeries; stokers; foundry sand 
preparation and mold handling machinery; coal and ashes 
handling equipment and water screens for boiler plants; speed 
reducers; variable speed transmissions; chains; sprocket wheels; 
babbitted and anti-friction bearings; pulleys; commercial 
castings; elevators and conveyors; locomotive and crawler 
shovels-draglines-cranes; crushers; gates and special machinery 
for many purposes. 


“Lukenweld, Inc., Division of Lukens Steel Company, Coatesville, 
Pa. Designers and fabricators of welded steel structures for use 
in various types of machinery and equipment. Lukenweld, 
Inc., has specialized in the design and construction of the difficult 
and unusual in welding, such as welded steel Diesel engine 
frames; underframes and other structural parts for high-speed 
trains; railway truck frames, bolsters and spring planks, con- 
tinuous welded frames for presses; welded steel gears, and paper 
machine driers. 


Machinery and Welder Corporation, offices and warehouses lo- 
cated at Chicago, Illinois, Moline, Illinois, Milwaukee, Wiscon- 
sin, and St. Louis, Missouri. Distributors of electric and oxy- 
acetylene welding equipment. A complete stock of both 
acetylene and electric welding supplies, including machines, 
accessories and welding wire, is carried at each warehouse. 


Magnolia Airco Gas Products Co., P. O. Box 318, Houston, 
Texas. Produces and supplies Airco high-purity oxygen, nitro- 
gen, hydrogen, argon, neon, helium, krypton and xenon, atmos- 
pheric gases, acetylene, carbon dioxide in liquid and _ solid 
(“DRY-ICE”’) form, carbide, Airco welding and cutting torches, 
pressure regulators and automatic welding and cutting ma- 
chines, acetylene generators, welding and cutting supplies, gas 
welding rods, electrodes and Wilson Electric Arc Welders. 
Maintains a nation-wide oxyacetylene welding and cutting and 
electric arc welding supply service distributed through 6 district 
sales offices, 6 distributing stations and 5 plants 


high-strength, high-conductivity alloys with great wear resist- 
ance are employed to give maximum service. Elkonite, Mallory 
3, 22, 73, 84 and 100 are used as electrode materials. Pyb. 
lishers of ‘‘Engineering Data—Resistance Welding Theory and 
Practice,’ a popular handbook on resistance welding 


The Manitowoc Shipbuilding Company, Manitowoc, Wis., is en- 


gaged in the manufacture of Great Lakes and inland waterways 
vessels of all types, as well as certain types of ocean going ton- 
nage for commercial and Government ownership. In addition 
to shipbuilding activities together with related marine repair 
work, this firm manufactures and sells crawler cranes and shovels 
under the trade name of SPEEDCRANE for the construction 
and material handling fields and also a wide range of paper mil] 
and cement mill equipment. 


*Maryland Casualty Company, Baltimore, Md. Providing insur- 
ance and inspection service to boiler and machinery clients, this 
Company has a force of 170 trained engineers throughout United 
States and Canada, in addition to an efficient Home Office engi- 
neering staff. 


*Maurath, Inc., 7309 Union Ave., Cleveland, Ohio. George A. 
(Whitey) Maurath, President and General Manager. Manu- 
facturers of stainless and heat-resisting electrodes, specializing 
and perfecting commercial production and use of electrodes, 
They have a complete plant controlling all the operations from 
the hot mill to the finished product. With their capacity, their 
own wire mill places them in a unique position for producing on 
short notice all the various high alloys. Their product is used 
world wide. 


*The McKay Company, Pittsburgh, Pennsylvania. Plants at 
McKees Rocks (Pittsburgh), Pa., and York, Pa. Manufac- 
turers of Shielded Arc Welding Rods, Automobile Tire Chains, 
Commercial and Industrial Chain of all descriptions. 


*Metal & Thermit Corporation, 120 Broadway, New York, N. Y., 
manufacturers of materials and equipment for Thermit welding 
of heavy sections of various metals: railroad and street railway 


rails, housings, frames and beds of heavy machines, crankshafts, 
flywheels, steel mill rolls and pinions, stern frames of ships, etc 
Manufacturers of Murex heavy coated electrodes for arc welding 
mild steel, manganese, stainless, nickel, carbon molybdenum, 


. R. Mallory & Co., Inc., Indianapolis, Indiana. Manufacturers 
of a complete line of standard tips and holders for resistance 
welding, also special tips, castings and forgings. Improved 


For HIGH SPEED Welding 


FISHER BODY CO. Found In 
NATIONAL TYPE 1750P TIMER The TRUE ANSWER 


Fast as 360 
welds per 
Minute, 
or 
Slow as 


36 Welds. 
ONE Timer. 


Only One 
Change Gear 


to Replace. 


A Real 
All-purpose 
Unit. 


2 Views of National Motor-driven, Cam-operated, change-gear, Welding 
Timer, for repeat, or gun welding. Momentary push, non-beat Type 1750P, 
with 2 control circuits, 2 cams per circuit, with rocker arms in series, 
“drop to make, and drop to break”. This exclusive feature insures accurate 
non-varying weld time. Second circuit controls magnetic valve for squeeze 
time, and cool time following weld. 


ITS REALLY SIMPLE AND FOOL-PROOF. 


NATIONAL TIME & SIGNAL 
600 E. MILWAUKEE AVENUE 
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BEING GOOD 


ALTER EGO: Literally “‘one’s other self’’—the still, small voice that questions, inspires and corrects our conscious action 


ALTER EGO: How many have offered you a “‘good- 
as-Fleetweld”’ rod...and are they confessing 
or bragging? 
Well, here’s the third different welding 
rod proposition that lays eloquent 
emphasis on the claim that it’s as good 
as ‘‘Fleetweld.”’ That’s stimulating. 


ALTER EGO: No, it’s emulating. Emulation ad- 
mires and strives to imitate great actions. It’s 
a human trait. 
That prompts me to ask myself—**'Why 
is ‘Fleetweld’ taken as the standard of 


welding electrode comparison?” 


ADVERTISING 


ALTER EGO: Maybe Lincoln can give us the 
FACTS and we can judge for ourselves. 


LINCOLN SUGGESTS: To find out why 
“Fleetweld”’ is the standard of comparison for 
welding quality and economy, TRY IT! Com- 
pare it to other electrodes. In what ways? 
See the 30-Point Check Chart on Page 5 of the 
New “Weldirectory.”” This 56-page procedure 
guide (gratis) gives all the FACTS about 37 
Lincoln Electrodes for welding and hard-sur 
facing — where to use them —how to use them 


—what weld properties to expect. 
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chrome molybdenum steels, etc. Producers of M & T metals 
and alloys: ferro titanium, vanadium, pure chromium, etc. 


Midwest Piping & Supply Co., Inc., St. Louis, Mo. Plants: 


St. Louis; Passaic, N. J.; Los Angeles, Cal. Fabricators and 
Erectors of complete piping systems—Power Plants, Oil Re- 
fineries, Gas Lines and Industrial Processes. Manufacturers of 
a complete line of Welding Fittings, consisting of 90° or 45° 
Ells, Reducing Ells, Tees, Crosses, Laterals, Concentric or 
Eccentric Reducers, VanStone Nipples, Shaped Nipples, Ellip- 
soidal Heads, Flanges, Reinforcing Saddles and Reinforcing 
Sleeves. Welding Fittings are available in all principal Cities 
through distributors’ stocks. 


National Carbide Corporation, Lincoln Building, opposite Grand 


Central, New York, N. Y. Manufactures and distributes Na- 
tional Carbide through approximately 250 warehouses located 
in all principal cities. National Carbide is packed in 100-lb 
heavy steel drums, for use in generating acetylene, for oxy- 
acetylene processes and for house lighting, and also in 100-lb 
and 25-lb. drums and 10-lb. and 2-lb. cans for use in miners’ 
and other carbide lamps. Also distributors of railroad and 
contractors’ carbide lights of all description. 


*National Cylinder Gas Company, 205 West Wacker Drive, 


Chicago, Illinois, operates directly and through subsidiaries, 
fifty-one plants, and engages in the manufacture and sale 
of oxygen, acetylene, hydrogen and nitrogen, and sells gas and 
electric welding and cutting equipment and supplies, as well as 
propane and CO,, This organization is particularly active in 
promoting the oxygen jet cutting process and the flame harden- 
ing of metals. 


National Time & Signal Corporation, Detroit Michigan. Manu- 


facturers of Industrial Timing Devices and Electrical Products: 
Resistance Welding Timers, for control of pressure and current, 
either synchronous for non-ferrous metals, or non-synchronous 
for ordinary steel. Process Timers for Industrial Process 
Control. Program clocks for dismissals, vibrating and single 
stroke bells for signals or code calls, loud-ringing, slow-acting 
gongs for cranes, crossings and warnings. Electric Clocks, all 
sizes from 10 inches to 10 feet. 


*National Tube Company, Frick Building, Pittsburgh, Pa. Seam- 


less and Welded Steel Tubular Products; Plain Carbon and 
Alloy Steels for Pipe and Pressure Tubes. A wide range of 
diameters, wall thicknesses and lengths, for Water, Steam, Gas, 
Oil, Air, Sprinkler, Refrigeration, high temperature and high 
pressure service and other industrial uses. Suitable for bending, 
coiling, flanging and special fabrication. Ends prepared for 
welded, threaded or special types of connections. Made to 
Standard Specifications—A. S. T. M.—A. S. M. E.—A. P. I.- 
U.S. Government. 


*New Orleans Public Service, Inc., 317 Baronne Street, Public 


Utility generating and distributing electrical energy; distribut- 
ing gas and operating combined street car and bus system, all in 
the city of New Orleans. 


*Page Steel and Wire Division of American Chain & Cable Co., 


Inc., General Offices, Monessen, Pennsylvania. Manufacturers 
of Page Armco and Page Steel Electrodes and Gas Welding Wire; 
Page Hi-Tensile Electrodes which produce welds conforming to 
A. W. S. specifications; Hi-Tensile Gas Wire; Page-Allegheny 
Stainless Steel Electrodes and Gas Wire; also Rods, High and 
Low Carbon Wires, Special Analysis Wires, Flat Wire, Special 


Shapes, Bond Wires, Strand, Stainless Steel Wire for mechanica) 
purposes; Farm Fence, Industrial and Residential Chain Link 
Fence; Panel Partitions, Traffic Tape and Stainless Steel Tennis 
Nets. 


*Penton Publishing Company, Penton Building, Cleveland, Ohio. 
Publishes business papers serving metalworking industries 
including Steel, a weekly magazine, dealing with production 
processing, distribution and use of iron, steel and supplementar, 
materials; Machine Design, monthly technical journal covering 
a design as it affects engineering production sales; The Foundry, 
monthly technical journal found wherever metals are cast: 
Daily Metal Trade, daily business paper of ferrous and non. 
ferrous industries; and New Equipment Digest, a monthly 
publication devoted to new industrial equipment. ‘ 


*Philadelphia Electric Company, 1000 Chestnut Street, Philadel- 
phia, Pa. Supplies electric service in Philadelphia and adjacen: 
territory embracing an area of about 1600 square miles with an 
estimated population of approximately 2,800,000. Gas servic. 
is supplied in the suburban area, and the Company supplies 
steam service in central Philadelphia and two suburban com- 
munities. The Company and subsidiaries have 1,126,125 kw 
electric generating capacity, including 252,000 kw. installed in 
the Conowingo hydroelectric development, which is one of th: 
largest in the United States. 


*Pittsburgh Piping & Equipment Company, 10—43rd Street, 
Pittsburgh, Pa. Manufacturers of Fabricated Piping and Piyx 
Fittings; Fabricating and installing of complete piping systems 
for central stations and industrial plants, including welding of 
carbon and alloy steel piping for the highest pressures and tem 
perature. Manufacturers of creased bends and superflexibk 
corrugated pipe tangents for expansion bends. Manufacturers 
of all types of stainless steel process piping and stainless stec! 
fittings. 


*The William B. Pollock Company, 101 Andrews Avenue, Youngs- 
town, Ohio. Established in 1863: Engages in the Engineering 
Fabricating and Erecting of Steel Plate Construction for Blast 
Furnaces, Steel Plants, Oil Refineries, Chemical Plants and 
Allied Industries. Also in the manufacture of Hot Metal Cars 
Cinder Cars and Ladles. The Pollock Company pioneered th 
use of Welded Rolled Steel Construction and use it extensively 


in all their products as well as in the manufacture of large and 


small machinery parts for others 


Progressive Welder Company, Detroit, Michigan. Designers an 
manufacturers of resistance welding equipment (spot and pro 
jection); hydraulic punching and riveting equipment; jigs an 
fixtures for sheet and heavy metal assembly work. Portabk 
welding gun units, guns, transformers, valves, cables, et: 
Automatic high-speed, multiple-spot welders; Hydr-O-Matics 
Progress-O-Matics, Electr-O-Matics. Hydraulic punching an 
riveting—portable and multiple unit Engineering assistan 
on welding and punching problems available without obligatiot 


*Pullman-Standard Car Manufacturing Company, Chicago, Ill. 


producer of railway passenger and freight cars, of conventiona 
or light-weight design, fabricated by riveted or welded methods 


Also producers of street cars and trolley busses. Makers o! 


wheels, equalizers, and forged and machined parts for railwa\ 
use. Has passenger car plants in Chicago, Ill, and Worcester 
Mass.; freight car plants in Hammond, Ind., Michigan City 
Ind., Butler, Pa., Bessemer, Ala., Baltimore, Maryland; an 
wheel foundries in Hammond, Ind., and Michigan City, Ind 


Buy “Proven Fluxes” with Years of 
Guaranteed Satisfaction behind them 
The Trade-Name is “*“ANTI-BORAX” 
Ask for Them 


A Flux for every metal: Cast Iron Welding Flux 
No. |; Brazing Flux No. 2; Braz-Cast Flux No. 4, 
for bronze-welding cast iron; “ABC” Aluminum 
Flux No. 8 for sheet Aluminum and all alloys of 
Aluminum; Stainless Steel Flux No. 9; Silver 
Solder Brazing Flux No. 10; “*Anti-Borax” Tinning 
Compound No. I1. 


nequalled for Quality 


Send for Free Samples 


ANTI-BORAX COMPOUND COMPANY 


Fort Wayne, Indiana 


NET ADVERTISING RATES 
Black and White 


Effective May 1938 


“Half Page | 6 | 50 6S | 
Quarter Page 35 | 30 27 | 25 
Eighth Page | 2 | 2 | IT | 15 
*Inside Preferred | 113 105 9% 85 ¥ 


*10% Extra for bleed full pages. Color $40 extra per color added 
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Throughout Industry + + + 
HARD-FACING PROLONGS SERVICE LIFE 


WwW 


Jig Speeds Hard-Facing 


of Mill Hammers 


hard-facing of alfalfa mill 

hammers is speeded up by using 
the simple jig shown here. This is fabri- 
sated from two 3 
steel bent to form a horse and held 
together by short cross-strips welded to 
the legs. The hammers are placed on 
the rest, with the striking ends facing 


s-in. by 2-in. strips of 


HAYNES STELLITE ALLOY DEPOSIT Hie-in Thick 


1O-in 


the operator. Steel spacer bars hold 
them apart. The upper edges of all the 
hammers are hard-faced ; then they are 
turned over and the application is made 


on the other edges. While one hammer 
is being hard-faced, the heat of the 
flame preheats the adjacent hammer. 
I lard-F acing I lints Using this procedure, one operator can 
hard-face as many as 500 hammers a x 
day. 
et Corton Trucks — The 
ati : Alfalfa mill hammers are hard-faced 
prongs and skids of this cot- .: 7 
; al with Haystellite tube rod or Haynes 
i Stellite No. 12 rod as shown above at 
with Haynes Stellite No. | 
’ very low cost,—and last several times 
Ill rod at a cost of only $1.50. 
= as long as untreated hammers. In addi- 
iona These hard-faced parts al- 
adie tion, the operation can be repeated sev- 
: ready have lasted as long as 3 sets of prongs and 6 sets of skids ? ‘ : 
TS eral times for still further savings. 
ilwa\ used to last—and still are good for many more months of service. ? : 
If you are doing any hard-facing, 
City Haynes Stellite engineers and Linde : 
= service operators can show you many 
Ick CUTTERS These cutters. short cuts which simplify your work. 
which peel the ice from the Call on them, without obligation. 
freezing drum of an ice machine. 
Headquarters for Hard-Facinge Materials 
hold their cutting edge for years, HAYNES STELLITE COM PANY 
because they have been hard- Unit of Union Carbide and Carbon Corporation 
= faced with Haynes Stellite No. 1 ucC! 
e rod. The deposit is -in. thick New York, N, Kokomo, Indiana 
ns 
— and requires 7 oz. of rod and 114 hr. welding time per blade. ‘Haynes Stellite” and “Haystellite” are registered 
trade-marks of Haynes Stellite Company 
Hard-Facing applications in many industries are described and 
a illustrated in the book, “Hard-Facing With Haynes Stellite Prod- > 
= ucts.” A copy will be sent to you on request. Address Kokomo, 
Indiana, or the nearest district ofice--Chicago, Cleveland, Detroit, 
¥ Houston, Los Angeles, New York, San Francisco, Tulsa. 
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Square D Company, Industrial Controller Division, Milwaukee, 
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Reed Roller Bit Company, P. O. Drawer 2119, Houston, Texas. 


Manufacturers of Rotary Drilling Tools, Valves and Pressure 
Drilling Equipment. Among these products are SE Rock Bits 
for all formations, Rotary Reamers, Kor King Core Drill for both 
soft and hard formations, Tool Joints—-only manufacturers of 
Shrink Grip and Super Shrink Grip, Welded-in Blade Scrape 
type bits with 2, 3 or 4 blades, both pin and box connections 
The B-R Drilling-Coring bit with Wire Line Retractable Core 
Barrel. Replaceable Blade Bit, Drill Collars, Substitutes and 
Basket Bits 


*Republic Steel Corp., Cleveland, Ohio. Divisions include 


Berger Manufacturing Division, Union Drawn Steel Division, 
Steel and Tubes Division, and Niles Steel Products Division. 
Subsidiary: Truscon Steel Co. Third largest producer of iron 
and steel products. Specialties include Enduro Stainless Steel, 
Toncan Iron, Republic Alloy Steels, Republic Double Strength 
Steel, Silicon Steels, and Republic Electric Resistance Weld 
Pipe and Tubing. Recent contribution to literature on welding 
is the free booklet, ‘‘The Welding of Enduro Stainless Steel.” 


The Resistance Welder Manufacturers Association with executive 


office at 505 Arch Street, Philadelphia, Pa., is an association em- 
bracing all principal manufacturers of resistance welding equip 
ment in the U.S. A. The sole purpose of the association is to 
promote the use of resistance welding in industry and establish 
standards for equipment. It cooperates with engineering so- 
cieties in the establishment of engineering standards, test 
methods and procedure and other engineering activities for the 
advancement of the art of resistance welding. 


John A. Roebling’s Sons Company, Trenton, N. J. Manufacturers 


of welding wire, high- or low-carbon or high-manganese steel; 
reels for automatic or semi-automatic welding equipment; elec- 
tric arc-welding machine cable; electrode holder cable. Manu- 
facturers of wire rope, wire rope slings for heavy or light duty, 
bare or insulated copper wires and cables. Engineering data 
and catalogs sent upon application. 


*The Benjamin F. Shaw Company, 503 East Second Street, Wil- 


mington, Delaware, are Industrial and Power Plant Piping 
Fabricators. Cutting, threading, flanging, bending and welding 
are some of the operations performed in their fully equipped 
shops. Certified welders are employed in the welding shop. 
The various alloys in all forms are fabricated, as well as piping 
for all pressures and temperatures. A modern shop and an ex- 
perienced personnel are your assurance of a satisfactory job. 


*Shawinigan Products Corporation, New York City. Pure mate- 


rials and expert craftsmanship developed over a_ period of 
years assure the satisfactory performance of Shawinigan Car- 
bide. This exact performance of the product has resulted in 
the growth of three huge plants and an efficient organization to 
deliver Shawinigan Carbide when, where and how you want it 


*A. O. Smith Corporation, Milwaukee, Wisconsin. Manufac- 


turers of welded steel products. Pioneered electric welded high- 
pressure vessels for oil cracking and now the leading supplier of 
such vessels. Pioneered electric welded line pipe for gas, oil and 
gasoline. Manufacturers of high yield casing for oil wells. 
Leading producer of pressed steel automobile frames and glass- 
lined steel tanks for the brewing and food industries. 


*S. Morgan Smith, York, Pa. Founded in 1877 by one of the 


pioneer builders of hydraulic turbines, S. Morgan Smith Com- 
pany has grown to be one of the world’s major producers of 
hydraulic turbines and related equipment. The company 
operates a modern manufacturing plant equipped with a wide 
variety of machine tools enabling it to produce large special 
machinery in addition to its regular products, and also a modern 
welding department especially equipped to handle large and 
complicated welding jobs. 


Smith Welding Equipment Corporation, Minneapolis, Minnesota, 


are exclusive manufacturers of a complete line of oxyacetylene 
welding and cutting equipment, acetylene generators and A.C. 
arc welders. This organization has grown with the industry 
and today has authorized distributors in principal distributing 
centers in the United States, Canada, Mexico and many foreign 
countries. All authorized Smith distributors have the services 
of special factory representatives available for consultation on 
customers’ welding problems. 


manufactures automatic control for all types of resistance 
welding machines. New developments are the Syncrobreak 
contactors, adjustable to break the current at the minimum 
arcing point; weld timers which are accurately adjustable in 
half-cycle steps; sequence welder control which assures positive 
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interlocking between air pressure and current flow and inter 
rupted spot welding timers for repeatedly interrupting 1} 


welding current while the machine electrodes remain clamp 
on the work 


“Standard Oil Company of California, 225 Bush St., San Francisco, 


Cal., is engaged in all phases of the oil industry, with distributing 
facilities throughout the West as well as in Alaska, and Ha. 
waii, utilizes welding to a high degree throughout the organiza. 
tion and has made a number of contributions to the develop- 
ment of welding equipment and technique; manufactures Calo] 
Cutting Gas, a liquefied natural gas product widely used for metal 
cutting. 


*“Stoody Company, Whittier, California. Manufacturers of hard. 
facing alloys, welding rods, grinders, electrode holders and sand 
blasting nozzles. Hard-facing materials include: Borium, 
Tube Borium, Cobalt Borium, Borod, Stoodite, Stoody Self- 
hardening, Stoody A.C., Sifram, Stoodex and the Numbered 
Stoodites: 45, 54 and 63. All Stoody hard-facing metals, with 
the exception of the Numbered Stoodites, Stoodex and Stoody 
A.C., are supplied either for electric or acetylene application 
Stoodex and the Numbered Stoodites are for acetylene applica- 
tion only 


Stulz-Sickles Company of Newark, N. J. pioneered the welding of 


11 to 14% manganese steel with MANGANAL 11 to 13'/,% 
Manganese Nickel Steel Welding Electrodes. MANGAWNAL is 
not only supplied in Welding Electrodes, but Applicator, 
Wedge Bars and Hot Rolled Plate. Our products are sold 
exclusively through welding distributors and we are repre- 
sented in practically all the principal cities of the United States. 


Sun Oil Company, Philadelphia, Pa., established 1886. Producer, 


refiner and marketer of Blue Sunoco Motor Fuel, Sunoco Mer- 
cury-Made Motor Oil and Sunoco Greases. Sun also manu- 
factures a full line of all types of petroleum products for indus- 
try, and maintains a staff of competent technical representatives 
available for consultation and technical advice regarding the 
application of petroleum to any mechanical operation or process 
Sun operates Refineries at Marcus Hook, Pa., Toledo, Ohio, 
and Yale, Okla., maintaining 94 distributing plants in the 
Eastern United States, and markets its products in approxi 
mately 50 different countries. 
> 

*Sun Shipbuilding & Dry Dock Company, Chester, Pa. Ships’ 
hulls and equipment completely or partially welded. Welded 
steel products for oil refineries, chemical plants and kindred in- 
dustries made to order for individual requirements. The facili- 
ties of this plant are unlimited for welded equipment as listed 
above and include automatic welding, X-ray and stress-relieving 
equipment for manufacturing largest units that can be shipped 
by rail or water. Extensive experience in manufacturing to the 
requirements of A. S. M. E. and A. P. I.-A. S. M. E. Codes 


*The Taylor-Winfield Corporation, largest manufacturer of elec- 
tric resistance welding machinery in the United States, has its 
main plant and home office in Warren, Ohio. Backed by forty 
years’ experience in design and construction of all types of re- 
sistance welders, the company today offers a wide line of spot, 
projection, butt, flash, seam and special resistance welding and 
heating machines. A completely equipped fabricating division 
in Detroit, Michigan, produces the highest quality welded steel 
construction. 


*Third Avenue Railway System, 130th Street and Third Avenue, 
New York, N. Y. The Third Avenue Railway System carries 
300 million passengers annually. It operates 240 miles of 
single track in New York City and municipaiities north of it. 
It also operates 165 route miles of buses. Welding by electric 
arc, gas and thermit processes is extensively used in its shops 
and on its tracks. It regards the work of the AMERICAN WELD- 
ING Society of great value to the transit industry and, there- 
fore, carries a sustaining membership in the Society. 


*Titan Metal Manufacturing Company. Manufacturers of Bronze 
Welding Rods, Penn Bronze, Titan Bronze, Titan Manganese 
Bronze and other special bronze rods for special conditions 
Method of manufacture insures uniformity of all rods. The 
double deoxidizing process practically eliminates all fuming. 


Treadwell Construction Company, Midland, Pa. Manufacturing 


engineers, designers and fabricators of Steel Mill Equipment, 
Ladles for open hearth and blast furnaces, Oil Refinery, 
Chemical, Process Equipment and Industrial Plate Work built 


to A.S. M. E. and the A. P. I.-A. S. M. E. Codes, Welded Pipe, 
Homogeneously Bonded Lead Lined and Non-ferrous Lined 
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Production Fabrication of 


Heavy Steel and Iron Sections 


PROGRESSIVE’S newest 
development Resistance 
Forge Welding—1is already be 
ginning to change the methods 
previously used for fabricating 
steel and iron. 


With it, even structural steel 
sections up to 1” & 1” can be 
fabricated with an ease and 
speed approaching the spot 
welding of sheet metal! 


Costs are reduced? time is 
saved; production stepped up. 
Eliminates drilling, reaming 
and riveting. 


LOW COST EQUIPMENT 


A simple variation of Stand 
ard Progressive Welder spot 
welding equipment is_ used 
with standard normal sized 
transformer. No costly equip 
ment; no delay in delivery. 
Does not require excessive 
power consumption. 


NO SPECIAL SKILL 
Resistance Forge Welding is now being REQUIRED 
used for the spot welding of steel and iron 
up to 1” X& 1” in section. More than 
two sections can be spot welded as, for 


Skilled labor is not essential 
with resistance forge welding 
an important consideration 

3/7.” vw 3/.% 3 / 

instance: gs ”, ete. now: 


1ese 


The | fa WHAT KIND OF HEAVY FABRICATION WORK WOULD YOU LIKE TO CUT COSTS ON? 


ring 


PROGRESSIVE WELDER 


ipe, — 
= EAST OUTER DRIVE, DETROIT 
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Vessels, Barges, Caissons, Dredges and other types of River and 
Harbor Floating Equipment. Plant located on the Ohio River 
offers the client a choice of water or rail shipment. 


Una Welding, Inc., 1615 Collamer Avenue, Cleveland, Ohio. 


Manufacturers of a complete line of welding electrodes for code 
welding, general fabricating, hard-surfacing, stainless and other 
alloy steel welding; also of automatic and semi-automatic arc 
welding equipment for a wide variety of products in the auto- 
motive, steel, railway and general metal industries. Attention 
is given to the development of the special wires, tapes and 
equipment that are needed to meet exacting requirements as to 
quality and speed in both light and heavy section welding. 


“Union Carbide Company, 30 East 42nd Street, New York, N. Y., 


a Unit of Union Carbide and Carbon Corporation, pioneered in 
the commercial production of calcium carbide. Today, Union 
Carbide is the standard generator carbide for domestic and 
industrial uses. Warehouse stocks are maintained in 250 cities 
throughout this country. Union carbide is sold through The 
Linde Air Products Company and The Oxweld Railroad Service 
Company, both Units of Union Carbide and Carbon Corporation. 


“United States Rubber Company, 1230 Sixth Ave., New York. 


Manufacturers of “‘U. S. Royal’”’ Welding Cable with Tempered 
Rubber Sheath. The U. S. line includes Bare and Weather- 
proof Wire, Rubber Insulated Flexible Cords, Cord Sets, Soft 
Rubber Plugs, U. S. Royal Cords and Cables, U. S. Safecote 
Building Wire, Rubber Insulated Power Cable with braided, 
leaded or non-metallic sheath. Laytex Communication and 
Control Cables, Telephone Wire, and also many types of Rubber 
Insulated Wire and Cable for special applications. 


*Universal-Cyclops Steel Corp., Bridgeville, Pa. & Titusville, Pa. 


Specializes in the manufacture of welding wire in all analyses of 
stainless and electric furnace steels. Complete facilities for 
melting, rolling and cold working. Also makes a full line of 
stainless, tool and other special carbon and alloy steels in the 
form of ingots, billets, plates, sheets, bars, wire and strip—both 
hot and cold finished. Manufacturers of special steels for all 
purposes. 


Victor Equipment Company—Welding Equipment Division— 


844-50 Folsom Street, San Francisco, and 3821 Santa Fe Ave., 
Los Angeles, California, is engaged in the manufacture of the 
complete line of all types and sizes of welding and cutting 
torches, cylinder manifolds, acetylene gas generators, pressure 
reducing regulators for all cylinder gases, including regulators 
for laboratory purposes with delivery pressure ranges as high 
as 5000 Ib. psi. VICTOR equipments have been manufactured 
for over a quarter of a century. Over 300 distributors from 
coast to coast. 


*Virginia Bridge Company, Roanoke, Va., plants at Roanoke, Va., 


Birmingham, Ala., and Memphis, Tenn. Designers, fabricators 
and erectors of steel structures of all kinds, including buildings, 
bridges, tanks, turn-tables, smoke-stacks, stand-pipes, penstocks, 
gas holders, airplane hangars, steel railway cars, car parts and 
underframes, cranes and derricks, steel stadiums. 


The Wellman Engineering Co., 7000 Central Avenue, Cleveland, 


Ohio. Engineers, Constructors and Manufacturers of Coal and 
Ore Handling Machinery; Steel Works Equipment; Coke Oven 
Machinery, Port and Terminal Equipment; Hoisting Machin- 
ery for Mines; Blast Furnace Skip Hoists; Wellman Me- 
chanically Operated Gas Producers; Wellman-Galusha Clean- 
Gas Generator Plants; Air and Gas Reversing Valves; Open 
Hearth, Soaking Pit and Reheating Furnaces. Charging Ma- 
chines, Ingot, Slab and Wheel Blank Manipulators. ‘‘Williams”’ 
Clam-shell and Dragline types of Excavating Buckets. 


Western Electric Company, Inc., 195 Broadway, New York, N. Y. 


Primarily manufacturers of telephone equipment, cable and 
wire; purchasers and distributors of supplies for the Bell System. 
Also manufacturers of certain by-products of the wire communi- 
cations field including: public address and music reproducing 
systems; marine, police, aviation and commercial broadcasting 
radio telephone equipment; vacuum tubes; audiphones, audio- 
meters, electrical stethoscopes; train dispatching equipment; 
and motion picture sound systems. Principal factories: Haw- 
thorne Works, Chicago, Ill.; Kearny Works, Kearny, N. J.; 
and Point Breeze Works, Baltimore, Md. 


*Western Pipe & Steel Co., Los Angeles, Calif. Our two main 


plants, located at South San Francisco and Los Angeles, Cali- 
fornia, are well equipped for heavy plate, structural steel and 
light sheet fabrication. They are equipped with the latest X-ray 
equipment and stress-relieving furnaces for Class No. 1 welding. 
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Principal products are heavy pressure vessels, electric welded 
pipe, welded and riveted tanks, bolted tanks, water well casing 
structural steel and all types of plate and sheet fabrication. \y, 
are also shipbuilders and outside steel construction contractors 


Westinghouse Electric & Manufacturing Company, East Pitts- 


burgh, Pa., manufacturers of compete A.C. and D.C. are weld 
ing machines, electrodes and accessories. Single operator [D.C 
welders, sizes from 150 to 600 amperes, multiple operator typ: 
from 500 to 2000 amperes. The A.C. transformer are welders, 
sizes from 100 to 2000 amperes. All types of mild steel, stainless 
steel, hard surfacing and specialty electrodes. Automatic weld 
ing heads and control including complete equipment for th: 
Linde Unionmelt Process. The Westinghouse Company's wic 
welding knowledge is available as a consulting welding servic: 


*Wheeling Steel Corporation, General Offices, Wheeling, W. Va. 


Manufacturers of Hot and Cold Rolled Sheets, Galvanized 
Sheets, Black and Galvanized Merchant Pipe, Line Pipe, Casing 
and Tubing; pipe for special uses including Wheeling COP-R 
LOY pipe and Wheeling Open-Hearth Ammonia Pipe; Tin 
Plate, Terne Plate and Black Plate, including DUCTILLIT! 

Rods and Wire, including WELDING RODS, Wire and Wire 
Products, Wire Nails, Cut Nails; galvanized Range Boilers, 
Heater Tanks and Steel Barrels. 


Whiting Corporation, Harvey, Illinois. Manufactures industrial 


products including electric traveling cranes; foundry equipment 
pulverizing machinery; railroad shop equipment; domestic 
and commercial stokers; evaporators, crystallizers and filters 
for the chemical industries. Welding is used extensively, esp: 
cially in evaporator and filtration equipment. The company 
has also built a great variety of special heavy machinery on a 
contract basis. Its welding facilities are modern and it has had 
wide experience in welding various kinds of alloy steels, nickel and 
nickel-clad plate; also copper and bronze. 


The Whitlock Manufacturing Company, Hartford, Conn., «i 


signs and manufactures heat exchangers both for high and low 
operating pressures and for high- and low-temperature servict 
also storage heaters, instantaneous heaters, closed feed-wate: 
heaters, pressure vessels, coils and bends of pipe and tubing 
Copper, Everdur, steel and all workable alloys are fabricated 
using qualified electric and oxyacetylene welders. X-ray equip 
ment makes it possible for this c@mpany to manufacture pressur 
vessels to meet all requirements of the A. S. M. E. Code 


*Williams and Company, Inc., Pittsburgh, Cleveland, Cincinnati, 


Columbus. Warehouse Distributors who know the welding 
business and whose welding salesmen are experienced-trained 
welders. They offer for immediate delivery from stocks the 
correct materials for any welding job. Stocks embrace Ele 
trodes of the shielded arc, dust or dipped coated types for Steel 
Cast Iron, Manganese Steel, Monel, Nickel, Inconel, Nicke! 
Clad Steel, Stainless Steels, Aluminum, Copper Alloys. Also 
Brazing Alloys, Fluxes, Carbon Plates, Welding Accessories 
and Safety Equipment. Warehouse distributors of Westing 
house Flex Arc Welders. 


Wilson Welder & Metals Co., Inc., 60 East 42nd Street, New York, 


N. Y. Manufacturers of a complete line of variable voltage 
welding machines, 100 to 800 Amperes, and constant potential 
multiple operator welding units, 500 to 3000 Amperes capacity 
and 100 to 1000 ampere A.C. transformer welders (conforming 
to N. E. M. A. Standards). Also a complete line of Wilson 
Color-tipt bare, coated and shielded arc electrodes and welding 
supplies. Machines distributed in all principal cities by the 
Air Reduction Sales Company. 


*The John Wood Manufacturing Company, Inc., Conshohocken, 


Penna. This company manufactures quality welded steel range 
boilers and tanks of every description. Back of that elusive 
word ‘‘quality”’ stands more than merely the desire to produce a 
good product. It involves skill, training, facilities, organization 
and a tradition of excellence in manufacture that cannot be 
acquired over night. The seventy-year old institution back of 
Electric Weld Products guarantees their quality. 


Wyatt Metal & Boiler Works maintains plants at both Houston 


and Dallas, Texas, for the manufacturing and fabricating of steel 
plate products of welded construction. Plants are equipped to 
handle heavy plate work completely shop fabricated or field 
erected. Stress relieving and Radiographing facilities for manu 
facturing vessels in accordance with A. S. M. E. and A. P. I 

A. S. M. E. Codes. Engineers thoroughly conversant with all 
phases of design are at the disposal of any one needing this ser 
vice. 
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*York Ice Machinery Corporation, York, Pa. This company builds 
a complete line of industrial and commercial refrigerating equip- 
ment; year ’round air conditioning systems for commercial, 
industrial and domestic use; dairy and ice cream machinery; 
ammonia and Freon valves, fittings and accessories. These 
products include a great variety of pressure vessels and piping 
in the fabrication of which welding is employed extensively. 
Branch sales offices or distributors in all principal cities 


York Safe and Lock Co., York, Penna. Manufacturers of fire 
resistive safes and vault doors, burglary resistive safes, chests, 
bank vault doors, etc. Builders of the world’s greatest vaults 
Quality and protection are the prime considerations for York 
products. Also are producing materiel for National Defense 


Program including welded anti-aircraft gun carriages, welded 
anti-tank gun carriages, and several other items of ordnance 
All welding to government specifications requiring qualification 
of welders, X-ray, and Magna-flux examination, et« 


*Youngstown Sheet & Tube Company, Youngstown, Ohio. Manu- 
facturers of carbon and alloy steel: blooms. billets, slabs, sheet 
bars, skelp, lap-welded, butt-welded, electric-welded and seam- 
less pipe, square and rectangular tubing, mechanical tubing, 
hot and cold-rolled strip, sheets, auto body sheets, galvannealed 
sheets, roofing, tin plate, tin mill black plate, plates, railroad 
tie plates and track spikes, merchant bars and structurals, wire 
rods, wire, wire products, wire nails, rigid steel electrical conduit, 
electrical metallic tubing 


Rulings Adopted by Board of Directors 


April 1920 


Powers of Executive Committee—The Board of Di- 
rectors delegated to Executive Committee its full power 
with understanding that Executive Committee will 
immediately report by letter to every member of the 
Board any action which it has taken and allow sufficient 
time for objection to such action before it is put into 
effect. Should a majority of the Board express objec- 
tion within a week to any action, the President will then 
immediately call a special meeting of the Board and have 
the matter presented to them for confirmation. 

Section Organization—The Officers of the Society are 
authorized to assist in formation of sections in any part 
of the United States under the adopted standard form of 
Constitution with variations to meet local conditions and 
to grant the necessary authority for the formation of 
such sections. When possible, the sections should be 
affiliated with the local general engineering society and 
where practicable, the organization work should be con- 
ducted from such society headquarters. 

Note: It has usually been found inexpedient to 
authorize a Section unless there are at least 15 members 
in the Sustaining and/or Member grades. 


January 1922, and revised December 1927 


Delinquents—A delinquent member shall be carried 
on the rolls of the Society for a period of six months for 
the first two months of which he shall be supplied with 
the Proceedings and other literature, but that following 
the second month, he shall receive only notices of meet- 
ings. 

Billing Membership Dues—Each member shall be 
sent a bill on the first day of the month in which his dues 
become due and a second bill shall be sent one month 
later stamped with the words “Final Notice, You Will 
Not Receive Publication if Your Dues Are Not Paid.” 


October 1922 


Refund to New Sections—No money shall be turned 
over to a newly organized Section on dues received pre- 
vious to the establishment of the Section from members 
located in that particular Section. 


February 1923 


Plans for establishing Sections of the AMERICAN WELD- 
ING Society which received approval at the annual 
meeting of the Society in April 1923, and were revised 
in June 1938, are available at National Headquarters. 
These embrace all steps to be followed under the head- 
ings given below: 
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1. Extracts from Constitution and By-Laws of 
Society relating to Section Organization. 

2. Preliminary Meeting—Notice; order of business; 
application to National Organization for authority to 
operate as Section; suggestions to nomination commit- 
tee. 

3. Organization Meeting—Notice; order of business. 

4. Method of Conducting Section Work—Affiliation 
with some engineering body so as to provide meeting 
place for monthly meetings and in that way give the Sec- 
tion a better technical standing; standard method for 
handling applications, financial records and reports 


May 1926 

A Year Book shall be published as the December 
issue of the JoURNAL and bound in the same paper 
cover as the JOURNAL. It shall contain the Constitu- 
tion and By-Laws of the Society, rulings adopted by 
the Board of Directors, rulings governing the Meetings 
and Papers Committee, and Board of Awards, descrip- 
tion of Society, its functions, publication, relation to 
industry; value of membership; how to become a mem 
ber; description of technical and special committees of 
Society; personnel of Society committees; Membership 
list (alphabetical and geographical) and list of ‘‘Sustain- 
ing Companies’ with a description of their products. 


December 1928 

Routine for handling questions referred to A. W. S. 
Conference Committee on Welding by A. S. M. E. 
Boiler Code Committee. All replies prepared by the 
A. W. S. Conference Committee on questions relating to 
welding matters submitted to Conference Committee 
by A. S. M. E. Boiler Code Committee shall be approved 
by Executive Committee of Society, and in cases where 
questions referred to Conference Committee deal with 
matters of a legal nature, replies must be approved by 
Board of Directors, before submittal to A. S. M. E 
Boiler Code Committee. 


January 1929 

Replies prepared by A. W. S. Conference Committee 
for A. S. M. E. Boiler Code Committee shall be published 
in A. W. S. JOURNAL after replies have been approved 
by A. W.S. and A. S. M. E., and if publication of replies 
meets with approval of A. S. M. E 


March 1932 


Meetings and Papers Committee—In determining the 
suitability of a subject for presentation at Society meet 
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ings, the Meetings and Papers Committee shall be gov- 
erned by the beneficial results to be obtained from the 
paper rather than whether or not the subject is contro- 
versial; where the Meetings and Papers Committee is 
in doubt regarding a subject of importance, the matter 


shall be referred to the Executive Committee for ruling 
thereon. 


December 1935 


Listing under ‘Sustaining Companies’ in the Year Book 
shall be limited to companies supporting the Society to 
the extent of $100 in dues of ‘ ‘Sustaining Member”’ or 
the equivalent in dues of “Members” and “Associate 


Members,”’ or through advertising in the Society Jour- 
NAL. 


November 1937 

The President is empowered, when in his opinion it 
is deemed wise, to invite non-members to meetings of 
either the Board of Directors or Executive Committee. 

Voting at Executive Committee Meetings is limited 
to Executive Committee members or their proxies. 
Members of the Board of Directors are invited to Ex- 
ecutive Committee meetings for the purpose of partici- 
pating in discussion. 


July 1938 

Establishment of Society policy on news items or radio 
broadcasts detrimental to welding— 

It is preferable for the Society to remain silent until 


official report dealing with the subject in question has 
been received. 


October 1938 


The fiscal year of the Society is established commenc- 
ing October Ist and ending September 30th. 


December 1938 
Journal be made available to anyone desiring it at 
the following subscription prices: U.S. and Possessions 


$5.00; 
$7.00. 
March 1939 

That the AMERICAN WELDING SOCIETY reserves the 
right or privilege of publishing as an A. W. 5. Standard 
any code, specification or standard prepared by its com- 
mittees, either jointly or in cooperation with another 
Society or other Societies, associations or regulatory 
bodies. 
September 1939 

Consideration was given to proposal for establishment 
of policy for disbanding inactive Sections as covered by 
memorandum submitted to the Executive Committee 
on September 11, 1939, and it was decided each case 
should be acted upon on its merits after complete report 
had been rendered thereon by the Secretary. 


November 1939 

Approval of Section Officers’ recommendation that 
provision be made in the Section By-Laws for the classi- 
fication of members to be known as “‘Affiliates of a 
Section of the American Welding Society” and to request 
the National By-Laws Committee to draft a clause in 
the Section By-Laws providing for this classification. 
April 1940 

Approval was given to a proposal that the Meetings 
and Papers Committee through its Subcommittee on Pro- 
gram assume responsibility for the program of technical 
sessions, keynote speaker (if any); time for inspection 
trip and arrangements for authors breakfasts; and that 
the Convention Committee assume responsibility for all 
other arrangements and correlating functions. 


Canada and Mexico—$5.50; Foreign Countries 


during 1940. 


Tentative Specifications for Iron & Steel Arc 


Welding Electrodes —- 25¢ 
Welding Symbols and Instructions for Their 

Use — 25¢ 
Rules for Field Welding of Storage Tanks — . 25¢ 
Standard Methods for Mechanical Testing 

of Welds — 25¢ 
Definitions of Welding Terms and Master 

Chart of Welding Processes — 25¢ 


addressed to 


Your attention is called to the following bulletins which have been either newly published or revised 


Orders for the above publications should be accompanied by check, money order or cash and 


AMERICAN WELDING SOCIETY 


33 West 39th Street, New York, N. Y. 


Recent Additions to American Welding Society 
Publications 


Recommended Procedure to Be Followed in 
Preparing for Welding or Cutting Cer- 
tain Types of Containers Which Have 


Held Combustibles 10¢ 
Qualifying Welding Operators for Im- 

poriant Work — 5 
Welding Metallurgy (Imitation Leather- 

bound book of Lectures by O. H. Henry 

and G. E. Claussen, 360 pages) —$1.50 
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CONSTITUTION AND BY-LAWS 


Constitution of the American Welding Society 
Adopted March 27, 1919; Amended 
October 18, 1937 


ARTICLE I 
Name 


This Society shall be known and designated as the 
AMERICAN WELDING SOCIETY. 


ARTICLE II 
Objects 


The objects of the Society are: 

(a) To advance the science and art of welding. 

(b) To afford its members opportunities for the in- 
terchange of ideas with respect to the science and art 
of welding, and for the publication of information 
thereon. 

(c) To conduct research into the science and art of 
welding, cooperating with other societies, associations 
and governmental departments for the benefit of the 
industry in general. 

(qd) To acquire and dispose of property for the pur- 
poses aforesaid. 

(e) To do all other things incidental or conducive to 
the attainment of the above-named objects, or of any of 
them. 


ARTICLE III 
Membership 


Individuals, scientific societies, associations or govern- 
mental departments interested in welding are eligible for 
membership in this Society. 


ARTICLE IV 
Government 


The management of the affairs of the Society shall be 
in the hands of a Board of Directors. The Society for 
the conduct of its affairs may adopt by-laws, rules and 
regulations not inconsistent with this Constitution, and 
may provide methods for amending or repealing such 
by-laws, rules and regulations different from the method 
of amending this Constitution. 


ARTICLE V 
Cooperative Research 


In order to further its objects most effectively, the 
Society shall provide for the formation of a separate 
body to be known by some appropriate title for the pur- 
pose of joining with other societies, associations and gov- 
ernmental departments in cooperative research in 
welding. 


ARTICLE VI 
Amendments 


This Constitution may be amended by a two-thirds 
vote of the members voting, expressed orally or in writ- 
ing, at any Annual Meeting of the Society as set forth in 
the By-Laws, provided a notice stating the proposed 
amendment or amendments with the reasons therefore 
and any known objections shall have been sent to each 
member at least two weeks prior to said Annual Meeting. 


ARTICLE VII 
Expulsion of Members 


Upon the written request of ten or more members with 
full rights of membership stating specific reasons therein, 
any member classifying under Section 2, Article I of 
the By-Laws may be recommended for expulsion by the 
Board of Directors. If, at a regular meeting or special 
meeting of the Board of Directors, it is decided that there 
is or are presented sufficient reagon or reasons for such 
expulsion, the Board shall notify the accused of the 
charges against him, by mailing a communication to the 
address of the accused as it appears in the records of 
the AMERICAN WELDING Society. He shall then have the 
right to present a written defense, and to appear for 
trial, in person or by duly authorized representative, be- 
fore a meeting of the Board of Directors, of which meet- 
ing he shall be notified at least thirty days in advance. 
Not less than two months after such a meeting, the 
Board of Directors shall finally consider the case, and if 
in the opinion of the Board of Directors the charges have 
been sustained, the accused may be expelled or sus- 
pended for such a period as the Board may determine, 
or he may be permitted to resign. 


By-Laws of the American Welding Society 


Adopted March 27, 1919. Amended April 28, 1921, 
April 14, 1922, January 23, 1924, December 23, 1925, 
July 20, 1927, March 14, 1931, December 26, 1933, No 
vember 4, 1934, May 19, 1935, April 10, 1936, Novem- 
ber 18, 1937, April 28, 1938. 


ARTICLE I 
Membership 


Section 1. Individuals having received the approval 
of the Committee on Admissions shall become members 
of the Society upon the payment of dues, except in the 
case of Honorary Members who shall be elected by 
unanimous vote of the Board of Directors. 

Section 2. Membership shall be divided into six 
classes: 


Sustaining Members.—A sustaining member shall be 
an individual designated by a corporation, firm or part- 
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nership interested in the science and art of welding, with 
full rights of membership. 


Members.—A member shall be an individual not less 
than 23 years of age, who shall have been for at least 
three years engaged in work having a direct bearing on 
the art or science of welding, and shall have made some 
contribution to the art or science of welding, with full 
rights of membership. Corporate members of any major 
engineering society are eligible. 

Associate Members.—An associate member shall be an 
individual interested in the science and art of welding 
with right to vote, but not to hold office except in Sec- 
tions as may be provided for by the By-Laws of the Sec- 
tion. 


Operating Members.—An operating member shall be 
an individual who, by occupation, is an operator of 
welding or cutting equipment, without the right to 
vote or to hold office excepting in the Section as may be 
provided for by the By-Laws of the Section. Beginning 
October 1, 1938, no Operating Member may continue in 
this status for more than a total period of 2 years (con- 
secutive or otherwise). At the end of the two year 
period, the Operating Member shall automatically be 
moved up to the “‘Associate”’ grade. 

Resident Operating Members are those residing in the 
United States, Canada or Mexico. Foreign Operating 
Members are those outside of the United States, Canada, 
or Mexico. 


Honorary Members.—An honorary member shall be an 
individual with full rights of Membership. Honorary 
Members shall be persons of acknowledged eminence in 
the welding profession, or who may be accredited with 
exceptional accomplishments in the development of the 
welding art upon whom the AMERICAN WELDING So- 
CIETY may see fit to confer an honorary distinction. 

Student Members——A Student Member shall be an 
individual who is actually in attendance at a recognized 
college or university, taking a course leading to a degree, 
without the right to vote or to hold office excepting in 
Sections as may be provided for by the By-Laws of the 
Section. At the termination of the fiscal year of status 
as a student, affiliation as ‘‘Student Member” shall cease. 


ARTICLE II 
Dues 
Section 1. The Annual Dues shall be as follows: 
Sustaining Member $100.00 
Operating Members (resident)............. 5.00 
Operating Members (foreign).............. 10.00 


Honorary Members (there shall be no 
annual dues) 


Section 2. All dues shall be payable in advance. 
The date for payment of annual dues shall be September 
lst. New members elected after March Ist shall for 
the first year pay only one-half of the annual dues. 

Editorial Note. At the Section Conference meeting 
it was decided that a new member shall pay a full year’s 
dues upon joining and that appropriate adjustments 
should be made in billing for second year's dues so as to 
bring the expiration date to September 1st. 

Section 3. Funds in excess of those provided by the 
annual dues, which may be needed for research and other 
work, shall be secured by voluntary subscriptions to be 
solicited from its members, or from others specially in- 
terested. 
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ARTICLE III 
Section Organization 


Section 1. The AMERICAN WELDING SOCIETY, in pur- 
suance of the objects set forth in its Constitution, pro- 
vides for the formation of Sections. 

Section 2. Not less than 25 members or eligible ap- 
plicants for membership in the AMERICAN WELDING 
Society in the Sustaining, Member or Associate Member 
grades may apply for authorization for the organization 
of a Section. 

Section 3. Each active Section of the AMERICAN 
WELDING Society shall receive from the Society each 
calendar year the sum of $100 commencing on the 
date of organization (that date on which authorization 
to operate as a Section is granted) plus 20% of the sum 
collected in dues during the calendar year from those 
members who are in the grades of Sustaining Member, 
Member and Associate Member in the Section 

Editorial Note. Section 3 has now been referred to the 
By-Laws Committee for rewording as it is intended that a 
new Section shall receive a hundred dollars on the date of 
organization and on the following October 1st, a pro-rated 
portion of a hundred dollars, and thereafter each year a 
hundred dollars on October Ist. The word ‘‘calendar’’ will 
be changed to ‘“‘fiscal.”’ 

No section shall be considered active unless it holds 
at least three meetings during a calendar year, and has a 
total paid membership of twenty-five, enrolled in the 
Sustaining, Member and Associate grades. 

Section 4. The By-Laws of the Section shall not con- 
flict with any provision of the Constitution or By-Laws 
of the AMERICAN WELDING SOCIETY. 


ARTICLE IV 
Officers, Nominations and Elections 


Section 1. The Officers of the Society shall be a 
President, a First Vice-President, a Second Vice-President, 
five District Vice-Presidents, a Treasurer, three Junior 
Past-Presidents and twelve Directors-at-large. There 
shall also be a Secretary appointed by the Board of 
Directors. 

Section 2. The President shall be elected by the So- 
ciety for a term of one year and may be re-elected at any 
time for a second term of one year, but in no case shall 
any individual serve in this capacity for more than two 
consecutive years. 

Section 3. A First Vice-President and a Second Vice- 
President shall be elected by the Society for a term of 
one year and each may be re-elected at any time for a 
second term of one year, but in no case shall he serve 
in this capacity for more than two consecutive years. 
The District Vice-Presidents shall be elected by their 
districts for a term of one year and each may be re- 
elected at any time for a second term of one year, but 
in no case shall he serve in this capacity for more than 
two consecutive years. 

Section 4. A Treasurer shall be elected by the So- 
ciety for a term of three years and is eligible for re- 
election. 

Section 5. The Board of Directors shall consist of the 
President, the First and Second Vice-Presidents, the five 
District , Vice-Presidents, the three Junior Past-Presi- 
dents, the Treasurer and the twelve Directors-at-large. 
The Directors-at-large shall be selected by the Nominat- 
ing Committee with due consideration to geographical 
distribution. At each regular Annual Meeting, four 
Directors-at-large shall be elected to serve for three 
years. The incumbents elected prior to the adoption of 
these By-Laws shall continue in office until their term 
expires. 
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Section 6. Nominations and elections of the Officers 
shall proceed as follows: 

(a2) The Secretary shall mail on or before the first of 

une of each year to each member entitled to vote a 
notice that nominations for Officers must reach the Secre- 
tary not later than the first day of July. This notice 
shall outline the vacancies of elective offices that shall be 
filled at the next regular election and request nominations 
for such offices. This notice shall contain a copy of this 
Section and the list of nominees recommended by the 
Nominating Committee and information that no name 
shall appear on the final voting ballot unless proposed by 
at least 25 qualified members. The notice shall also 
contain the names of the members of the Nominating 
Committee. 

(b) The nomination blank must be placed in a plain 
envelope and sealed; then inserted in a second envelope 
and sealed. The voter will then handwrite his name 
thereon in ink and mail it to the Secretary. The Secre- 
tary will certify to the competence and signature of all 
voters returning endorsed nomination ballots and will 
then deliver them to the Nominating Committee. 

A nomination ballot without autographic endorse- 
ment of the voter written on the outside envelope is 
defective and shall not be canvassed by the Nominating 
Committee. The Nominating Committee shall first 
open and destroy the outer envelopes of all properly 
endorsed ballots, and shall then open the inner envelopes, 
canvass the ballots and certify the results to the Secre- 
tary. If no nominations, other than proposed by the 
Committee, are made by 25 qualified members, then 
the Secretary shall treat the nomination ballots as 
Election Ballots and certify the results to the Presiding 
Officer at the Annual Meeting. 

(c) If a member, not proposed by the Nominating 
Committee, is duly nominated as provided for in para- 
graph (a) of this Section then the Secretary shall mail 
on or before the second Tuesday in July of each year to 
each member entitled to vote a ballot stating the names 
of the candidates for the several offices falling vacant 
and the time of the closure of the voting. The voter shall 
prepare his ballot by indicating by means of a cross 
opposite the name of each candidate he wishes to vote for. 
The voter shall enclose said ballot in an envelope and 
seal same. He shall then enclose the sealed envelope in 
a second envelope marked “Ballot for Officers,”’ seal 
same and write his name thereon in ink, for identifica- 
tion. The ballot thus prepared and enclosed shall be 
mailed or delivered unopened to the Tellers of Election. 

The Secretary shall certify to the competence and 
signatures of all voters. A ballot without the auto- 
graphic endorsement of the voter written on the outside 
envelope is defective and shall be rejected by the Tellers 
of Election. A ballot which has choice indicated for 
more names than there are offices to be filled is defective 
and shall be rejected by the Tellers. 

Section 7. The voting for the election of officers 
shall close at 1 o’clock in the afternoon on the last 
Thursday in August of each year. The Tellers shall 
not receive any ballot after the stated time for the closure 
of the voting. The Tellers of Election shall first open 
and destroy the outer envelopes and shall then open 
the inner ones, canvass the ballots and certify the results 
to the Presiding Officer at the Annual Meeting of the 
Society. The Presiding Officer shall then announce the 
candidates having the greatest number of votes for their 
respective offices and declare them elected for the en 
suing year. 

Section 8. The ballot sheet shall list the names of the 
candidates proposed by the Nomination Committee and 
the respective offices for which they are candidates and 
the names of candidates nominated by letter ballot as 


provided in Section 6 above. Candidates selected by 
the Nominating Committee shall be identified by an 
asterisk. 

Section 9. In case of a tie in the vote for any office, 
the President, or in his absence, the Presiding Officer, 
shall cast the deciding vote. 

Section 10. The term of all Elected Officers shall 
begin on the adjournment of the Annual Meeting of 
the Society. Officers shall continue in their respective 
offices until their successors have been elected. 

Section 11. Tellers of Election. The President shall, 
on or before the last Thursday in August of each year, 
appoint three Tellers of Election of Officers, whose duty 
shall be to canvass the votes cast, and certify the same 
to the President, or Presiding Officer, at the Annual 
Meeting. Their term of office shall expire when their 
report of the canvass has been presented and accepted. 


ARTICLE V 
Geographical Districts 


Section 1. There shall be five districts known as the 
New York and New England, the Middle Eastern, the 
Middle Western, the Southern and the Pacific Coast 
Districts, the boundaries of which shall be determined 
by the Board of Directors each year. 

Section 2. No district shall be considered as ‘‘op 
erative’’ unless it contains at least three active Sections. 

Section 3. Should the territory of any Section lie 
in more than one district as defined above, then the 
entire territory of said Section shall be considered as 
belonging to the District in which the headquarters of 
the Section are located. 

Section 4. To facilitate cooperation between the 
Sections there shall be an Executsve Committee in each 
district including in its membership the Vice-President 
for that District as Chairman, a District Secretary to be 
appointed by the District Vice-President, and the Chair 
men and Secretaries of the Sections within the district 


District Meetings 


Section 5. District Meetings shall be held, upon the 
approval of the Board of Directors of the Society in 
each instance, under the supervision of the District 
officers and committees in accordance with the following 
general plan: 

Upon expression by a District Executive Committee of 
a desire to hold a District meeting and approval by the 
Board of Directors, the responsibility for the meeting 
shall rest with the District Executive Committee. This 
Committee shall have full responsibility and authority 
for organizing and conducting such meeting in all its 
details, including the arrangement of sessions, the en- 
tertainment features, and the selection of papers. Papers 
for a District meeting may be obtained from District 
membership and if papers are desired from outside the 
District, they shall be correlated with the national 
Technical Program Committee. All papers included 
in the program shall be considered for publication in 
the Journal upon the same basis as papers for national 
meetings. The financing of District meetings shall be in 
accordance with a consistent general plan approved from 
time to time by the Board of Directors, after considera 
tion of such recommendations as may be received from 
the officers and committees concerned. 


District Nominations 


Section 6. Before January 1 of each year, each 
District Executive Committee shall appoint a District 
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Nominating Committee. Each District Nominating 
Committee shall nominate a District Vice-President and 
send the name of the nominee to the National Secretary 
not later than March 15th of each year. 

The nominations made by the Districts shall be pub- 
lished in the April issue of THE WELDING JOURNAL of 
the AMERICAN WELDING SOCIETY. 

Independent nominations may be made by a petition 
of twenty-five (25) or more members sent to the National 
Secretary not later than May 15th; such petitions for the 
nomination of District Vice-Presidents shall be signed 
only by members within the district concerned. 

Each year the National Ballot for Nomination of 
Officers shall include the names of the District Vice- 
Presidents nominated by the District Nominating Com- 
mittees and names of nominees nominated by petition 
in accordance with Section provision above. 

Only District members shall be eligible to vote for 
District Vice-Presidents. 


Vacancies 


Section 7. The Executive Committee of each dis- 
trict shall have the power to fill a vacancy in the office 
of Vice-President of that district for an unexpired term, 
whenever such vacancy occurs. 


ARTICLE VI 


Duties of Officers 


Section 1. In addition to the duties hereinafter set 
forth, the Officers shall perform such other duties as the 
Society or Board of Directors shall designate. 

Section 2. The President shall preside at all meetings 
of the Society and of the Board of Directors; he shall 
have general active management and supervision of the 
affairs of the Society; shall see that all orders and resolu- 
tions of the Board are carried into effect; shall attend 
generally to its executive business and the supervision 
and direction of all the other Officers in the proper per- 
formance of their respective duties; shall submit a report 
of the operations of the Society for the fiscal year to the 
Board of Directors at their last regular meeting preceding 
the Annual Meeting, and to the members at the Annual 
Meeting in October and from time to time shall report 
to the Board of Directors all matters within his knowl- 
edge which the interests of the Society may require to 
be brought to their notice; shall be, ex-officio, a member 
of all standing committees; and shall have the general 
powers and management usually vested in the office 
of the President of a Society. 

Section 3. The First Vice-President shall be vested 
with all the powers, and required to perform all the 
duties of the President in his absence. 

Section 4. The Second Vice-President shall be vested 
with all the powers and required to perform all the 
duties of the First Vice-President in his absence. 

Section 5. A Secretary shall be appointed by the 
Board of Directors for a term of one year and shall be the 
Office Manager of the Society. The Secretary shall 
attend all meetings of the Society and Board of Direc- 
tors and record the proceedings thereof. The Secretary 
shall collect all moneys due the Society and deposit 
the same in depositories designated by the Board of 
Directors, reporting such deposit to the Treasurer. 
The Secretary shall conduct the correspondence of the 
Society and shall keep full records thereof. Under the 
President and Board of Directors the Secretary shall be 
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in responsible charge of all property of the Society, 
With the approval of the Board of Directors, the Secre- 
tary shall engage such employees as may be necessary and 
shall be responsible for the work of all employees of the 
Society. The Secretary shall perform such other duties 
as may be assigned. The Secretary shall devote his 
entire time to the affairs of the Society, unless otherwise 
authorized by the Board of Directors. The Secretary 
shall be required to furnish bond for the faithful per- 
formance of his duties in an amount to be decided by 
the Board of Directors. : 

Section 6. The Treasurer shall keep full and ac. 
curate accounts of receipts and disbursements in books 
belonging to the Society, and shall deposit all moneys and 
valuable effects in the name, and to the credit of the So. 
ciety, in such depositories as may be designated by the 
Board of Directors. All checks shall be signed by the 
Treasurer. He shall disburse the funds of the Society 
as may be ordered by the Board of Directors, taking the 
proper vouchers to such disbursements, and shall render 
to the President and Directors at the meeting of the 
Board of Directors, or whenever they may require it, an 
account of all its transactions as Treasurer, and of the 
financial condition of the Society, and at the last regular 
meeting of the Board of Directors preceding the Annual 
Meeting of the Society, a like report for the preceding 
year. He shall give the Society a bond in a sum and 
with one or more securities as required by and satisfac- 
tory to the Board of Directors for the faithful perform- 
ance of the duties of his office, and the restoration to the 
Society in the case of his death, resignation or removal 
from office of all books, papers, vouchers, money or 
other property of whatever kind in his possession be- 
longing to the Society. 

Section 7. The President with the approval of the 
Board of Directors may appoint other paid Officers for 
such terms and duties and at such salaries as the Board 
of Directors may deem advisable. 


ARTICLE VII 


Board of Directors 


Section 1. The Board of Directors shall have the 
power: 

(a) To manage the affairs of the Society, except as 
otherwise provided by law, or by these By-Laws. 

(6) To purchase or otherwise acquire for the Society 
any property, rights and privileges which the Society is 
authorized to acquire, at such prices and on such terms 
and conditions and for such considerations as they think 
fit. 

(c) To appoint Executive Officers and fix their 
salaries. 

(d) To determine who shall be authorized to sign, 
on behalf of the Society, notes, receipts, acceptances, 
endorsements, checks, releases, any and all contracts 
and other documents, and shal! make such authoriza- 
tion. 

(e) To perform such other acts as may be necessary 
to carry out the purpose of the Society. 

Section 2. In each case of vacancy occurring in the 
Board of Directors through death, resignation, disquali- 
fication or other cause, the remaining Directors, by 
letter ballot, may elect, or appoint a successor to hold 
office for the unexpired portion of the term of the retir- 
ing Director; and in the event that a quorum of the 
Board of Directors does not exist, the affirmative vote of 
a majority of the remaining Directors shall become ei- 
fective. However, if the retiring Director is a District 
Vice-President then the vacancy shall be filled as pro- 
vided in Article V, Section 7. 
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ARTICLE VIII 


Commiitees 


Section 1. With the approval of the Board of Direc- 
tors, the President shall appoint the following com- 
mittees: 

(2) An Executive Committee, which shall have such 
duties as may be prescribed by the Directors to facilitate 
their work and such power of the Board of Directors as 
they may delegate to it from time to time. 

(b) A Finance Committee, selected from members of 
the Board of Directors, which shall pass upon all ex- 
penditures, prepare the annual budget and have general 
charge of the finances of the Society. The Treasurer 
shall be Chairman of the Finance Committee. 

(c) A Membership Committee of five or more whose 
duties shall be to formulate and execute plans and pre- 
pare literature for maintaining and increasing the mem- 
bership of the Society. 

(d) A Committee on Admissions of five members 
whose duty it shall be to pass on the qualifications of 
all members to determine their eligibility and classifica- 
tion as members of the Society. 

(ec) A Meetings and Papers Committee which shall 
plan and make arrangements for the meetings of the 
Society. It shall also solicit and pass upon all papers of- 
fered for presentation to the Society and determine what 
papers shall be published. It shall also have power to 
edit papers before publication. 

(f) A Nominating Committee of seven members. 
Announcement of the appointment shall be made by 
the President through publication in the JOURNAL on or 
before March Ist. The Committee shall consist of a 
chairman who shall be a Past-President of the Society 
and six members (not members of the Board of Direc- 
tors), one of whom shall be a Past-President of the 
Society. The Committee shall deliver to the Secretary 
in writing on or before the last Tuesday in May the 
names of its nominees for the various elective offices next 
falling vacant together with the written acceptance of 
each nominee. 

(g) A Revision of By-Laws Committee comprising 
a Chairman and two other members. This Committee 
shall receive suggestions for revision of the By-Laws and 
be responsible for the preliminary wording of such re- 
visions. It shall see that the By-Laws of Sections of the 
Society shall not conflict with any provision of the Con- 
stitution and By-Laws of the AMERICAN WELDING So- 
cieETY. This Committee shall consider and report upon 
any petition for revision and shall transmit such petition 
to the Secretary to be presented at a Board of Directors’ 
meeting as specified under Article XIV. 


(hk) A Committee on Code of Principles of Conduct 
consisting of five members comprising a Chairman, 
(member of Board of Directors) and four additional 
members. In addition to the function of formulating 
and administering a Code, it shall be the duty of the 
Committee to advise inquirers regarding questions of 
proper conduct, and to examine into and investigate 
any practice of any member of this Society which shall 
be regarded as prejudicial to the welfare of the Society, 
and report its actions and recommendations to the 
Board of Directors, which shall take such action as it 
may deem proper. 

) A Committee on Awards consisting of three in- 
dividuals each serving for a period of three years. The 
appointments shall at first be arranged in such a way 
that one member shall retire at each Annual Meeting. 
The member senior in respect to service shall be Chair- 
man. It shall be the duty of this Committee to make 
the award and arrange for the presentation of the 
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Samuel Wylie Miller Memorial Medal, the Lincoln Gold 
Medal and other awards. 


(7) A Committee on Outline of Work, shall include 
five members of the Board of Directors, one of whom, 
preferably the Chairman, shall be either the First Vice- 
President or Second Vice-President. The duty of this 
Committee shall be to recommend the personnel of all 
newly appointed Technical Committees including the 
Chairmen, and to define the scope of the work of the 
Committees. It shall in general 


1. Determine the need for the continuance of a com- 
mittee. 

2. Determine whether a committee's work shall be 
expanded. 

3. Decide questions of jurisdiction between various 
committees, and prevent overlapping of committee 
activities. 

4. Determine the need for new committees. 

5. Before recommending the appointment of new 
committees, determine the probable expense to the 
Society in carrying through such work. 

6. Estimate and set the probable time for undertaking 

and completing work. 

Correlate and control the standardization work and 

the activities of the committees in the development 

of codes and other regulations. This applies to 
procedure and not to details. 

8. Recommend the appointment of representatives of 
the Society to act in connection with the develop- 
ment of codes, standards, practices, etc., by outside 
parties. 


(k) An Educational Committee whose duties shall 
be to assist and stimulate the Sections in the preparation 
of lecture courses and in other educational activities. 

(1) A Committee or Committees for a definite stated 
purpose or purposes may be proposed by any member of 
the Society in good standing together with the personnel 
of such a Committee or Committees but the final se- 
lection of the personnel must be by a majority vote 
(of the quorum) at one of the meetings of the Society 
as set forth under Article IX, Section 1, provided the 
necessary quorum, per Article IX, Section 3, is pres- 
ent and further provided that definite notice stating 
all purposes and objectives of such Committee or Com- 
mittees shall have been sent to each member, and/or 
published in the JOURNAL OF THE AMERICAN WELDING 
Society for the preceding month, so as to reach the 
membership at least two weeks prior to said meeting at 
which the Committee or Committees will be proposed 
and elected. 

(m) With the approval of the Board of Directors the 
President may appoint additional Committees for a 
definite stated purpose or purposes. 

(n) A Committee on Permanent Funds consisting of 
five members each serving for five years. The appoint- 
ments shall be made in such a way that one member 
shall retire at each Annual Meeting. The member 
senior in respect to service shall be Chairman. 

Funds turned over to this Committee by the Board of 
Directors shall be in its custody for safe-keeping, invest- 
ment or reinvestment. All acts of the Committee shall 
require the favorable vote of at least four members of the 
Committee. 

No disbursement shall be made from these funds except 
upon a favorable vote of at least two-thirds of those pres- 
ent at a meeting of the Board of Directors called for that 
purpose at which a quorum is present. 

A notice of the meeting shall be sent to each member 
of the Board of Directors at least two weeks before the 


J 
4 
e 
e 
y 
n 
i] 
C- 
1- 
al 
or 
p- 
2 
1e 
d 
At 
ty 
1S 
ns 
ik 
“ir 
n, 

‘ts 
a. 
a 

ry 
he 

by 

ld 
) 4 
ir- 
h 

So 

ol 
el- 
ict 

ER 


date set for the meeting. The notice shall set forth the 
reasons why the disbursement is proposed. 

The Committee shall keep full and accurate accounts 
of receipts and disbursements in books belonging to the 
Society, and shall render a financial statement to the 
Board of Directors annually, or oftener if requested. 

Section 2. All Committee appointments not other- 
wise specified shall expire with the Society year. 


ARTICLE IX 
Meetings and Notices 


Section 1. There shall be an Annual Meeting of the 
Society for the election of Officers and other business, 
held sometime in the Fall of the year at such time and 
place as may be decided by the Board of Directors. The 
order of business at the Annual Meeting shall be such 
that the election of Officers shall be the last item of 
business at such meeting. Other meetings may be 
called at the discretion of the Board of Directors. 

Section 2. Notices of all meetings of the Society 
shall be mailed to the members at least 30 days prior 
to the date of such meeting, and to the Board of Di- 
rectors at least two weeks prior to the date of their meet- 
ing, and shall designate the time and place of the meet- 
ing and the principal business to come before it. 

Section 3. Twenty members entitled to vote shall 
constitute a quorum at meetings of the Society and ten 
Directors shall constitute a quorum at meetings of the 
Board of Directors. 


ARTICLE X 
Voting and Proxies 


Section 1. Voting by proxy shall not be allowed at 
any meeting of the Society or its Board of Directors or 
of any of its Committees except by a personal representa- 
tive presenting written credentials at the particular 
meeting stated. 


ARTICLE XI 
Welding Research 


Section 1. The AMERICAN WELDING Socirety shall 
provide the means for cooperative research in welding 
by creating or joining in the creation of a research depart- 


ment to be known as the Welding Research Committee 
Other societies, associations and governmental depart. 
ments may be asked to assist in this work. 


Section 2. Funds for the work of the Welding Re- 
search Committee shall be secured by voluntary con. 
tributions, by solicitation or appropriated from the 
regular funds of the Society. Solicitation of any funds 
in the name of the AMERICAN WELDING SOCIETY may, 
however, only be done with the approval of the Board of 
Directors. 


Section 3. Custodian of funds. The custodian of 
Research Funds shall be the Engineering Foundation, 
the AMERICAN WELDING SOCIETY or any other body 
designated by the Board of Directors. 

Section 4. Publications. A separate section of Tur 
WELDING JOURNAL of the AMERICAN WELDING Society 
may be created for the publications of the Welding Re 
search Committee. 


ARTICLE XII 
Permanent Office 


Section 1. A permanent office of the Society shall be 
maintained in the City of New York and shall be located 
in the Engineering Societies’ Building at 25-33 West 
39th Street, or at such other place as the Directors may 
determine. 

ARTICLE XIII 


Parliamentary Rules 


Section 1. Roberts’ Rules of Order shall be the gov- 
erning parliamentary law of the Society in all cases not 
definitely provided for by its Constitution or its By-Laws 
or its own rules. 

ARTICLE XIV 


Amendmeats 


Changes in these By-Laws may be made by petition 
signed by not less than ten voting members of the Society 
and approved by not less than two-thirds of the Direc 
tors present at a meeting regularly called for considera 
tion of the same. Such changes shall be considered 
temporary and at the expiration of 60 days after proper 
letter ballot has been sent to the members of the So- 
ciety shall be considered permanent, unless rejected by 
20 per cent of the voting membership. 
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THE ENGINEERING FOUNDATION 
Welding Research Committee 


Sponsored by the 
American Welding Society « « 


and American Institute 


» » of Electrical Engineers 


Supplement to the Journal of the American Welding Society, January 1940 


WELDING OF COPPER 


By A. P. YOUNG! 


ress at the Michigan College of Mining and 

Technology since 1932. The results of the work 
on plates from 0.115 to 0.311-inch in thickness were re 
ported in THe WELDING JOURNAL in October 1937; 
the more recent work on plates from 0.254 to 0.501-inch in 
thickness is here presented, together with suggestioris 
for obtaining good welds. 

During June, July and August 1938, two series of 
welds were made on copper plate; the first series included 
two welds on 0.254-inch, four on 0.311-inch and three on 
).501-inch plates, all completed by the oxyacetylene 
welding process; the second series consisted of six welds 
m 0.311-inch and eight welds on 0.501-inch plate, both 
by the long carbon are process. 


A STUDY of the welding of copper has been in prog 


PREPARATION OF PLATES 


Before the welding, all plates were prepared as follows. 
rhe butting edges were beveled to form a “‘V"’ of ap 
proximately 90°, and the surface of the plates was scribed 
with a sharp stylus into 1°/j»-inch strips, allowance of at 
least '/2 inch being made for the beginning and ending 
of the weld and for the taking of a sample at the end to 
test the strength of the original plate. Next the strips 
on the plates were stenciled at the ends with the numbe1 
given to the plate and with an identifying letter of the 
alphabet. Finally, the beveled edges were thoroughly 
cleaned with a wire brush and emery cloth. The plates 
welded by the oxyacetylene process were clamped to a 
cast-iron welding table and were so spaced that the “V' 
widened at the rate of */\, inch per foot. Asbestos sheets 
were placed under each section and over the surface. 


SERIES 1 WELDS 
Group 1 


Che first of the two 0.254-inch plates joined by the 
oxyacetylene process, Z3, was welded with a phosphor 
bronze rod containing 1.75°; tin, two torches with No 
'0 tips and with oxygen pressures at 15 to 20 pounds and 
acetylene pressures at 8 pounds being used. The pre 
heating torch was held at a distance of 1'/s inch in ad 

* Presented at Annual Meeting, A. W. S., Chicago, Oct. 23-27, 1939 


contribution to the Fundamental Research Division of The Welding Research 
ommittee 


| Assoc. Prof. of Mech. Eng. at the Michigan College of Mining and Tech 
nology. 

+ Welding of Copper, by A. P. Young; Research Supplement, THe Wevp 
ING JOURNAL, 16 (10), 30 (1937) 


vance of the welding torch. The rod and plate were 
both coated with a borax-boric acid flux before welding, 
and a commercial brazing flux was added from time to 
time as the weld progressed. The speed of welding was 
*/sinch per minute. The weld had an uneven bead with 
a heavy reinforcement; but there was good bond and a 
fusion weld at all points (see Fig. 1), even in the back 
bead. The filler metal, which had considerable porosity, 


Fig. l—Macrograph at 3 X of a Section Through Oxyacetylene 
Weld Z3 (0.254-Inch Plate), Low-Tin Phosphor Bronze Filler 
Rod Being Used Although Somewhat Porous the Filler Was 
Fusion-Welded to the Plate, the Color Match Was Perfect, and 
the Plate Was Still Sound 


Fig. 2—Macrograph at 3.7 X of Coupon Z4-E, Welded 0.254-Inc! 

Plate, Medium-Tin Phosphor Bronze Filler Rod Being Used 

Gas Pockets, Porous Metal and Cold Laps Characterize the 

Weld. Darker Area Adjacent to the Weld Metal Is Spongy 
Base Plate 
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averaged 59% efficient on the basis of the tensile strength 
of the original hard-rolled plate at 35,400 psi and 65.59 
efficient on the basis of soft copper at 32,000 psi. The 
welding speed on this plate, 0.625 inch per minute, was 
slow; the distance between the two torches (1!/» inch 
was such that it resulted in the rapid cooling of the weld 
pool, which in turn retarded the progress of the welding 
and built up a heavy reinforcement. c 

The second of the two 0.254-inch plates, Z4, was 
welded with a phosphor bronze rod containing 5%, tin: 
two torches, one with No. 12 tip and one with No. 10 
tip, with oxygen pressures at 20 pounds and acetylen 
pressures at 8 pounds, were used. The preheating torch 
with a No. 10 tip was held 1/2 inch in advance of the 
welding torch. The welding speed on this plate was ().8s 
inch per minute; the bead was not heavy, the ripples were 
smooth and fairly even, and the width was comparativel) 
uniform. The back bead showed cold laps and poor 
penetration (see Fig. 2), and both surfaces of the weld 
metal contained small gas holes. The maximum strength 
among five coupons was only 9550 psi, a weakness prob 
ably due to three causes. First, the preheating torch 


Fig. 3—A Photograph of Welded Plate Y4(H-N) Showing a Bead should have been less than an inch away from the weld 

with a Smooth Surface, Alternately Reinforced and Undercut. ing torch to assist in maintaining a weld pool deep enough 
Tanaile Strength of Three Coupons Was 18.000 fuse the bottom of the “WV” surface; second, the 
. medium-tin phosphor bronze rod did not have proper 
was not sound. However, in tension tests on seven welding characteristics for oxyacetylene welding; and 
: coupons the tensile strength exceeded 15,000 psi; three of third, the weld pool did not remain molten long enough 
. these were above 20,000 psi. The three high coupons to permit the escape of evolving gases. 


Fig. 4—Macrograph at 2.3 X of Weld Coupon Y4-M. Filler Fig. 6—Macrograph at 2.7 X of Coupon Y5-d, a Brazed Bond. 
ef Metal Was Porous, but Was Fusion Welded to the Plate Tensile Strength Was 43% of Soft Copper. Sharp Demarca- 
i tion Between Filler and Plate Shows Lack of Fusion Bond 


a Fig. 5—A Macrograph at 2X of Coupon Y5-F. Porous Metal Fig. 7—Photograph of Plate K3, Oxyacetylene Welded with 
rn at the Bottom of the *‘V"’ Would Indicate a Weak Weld, Low-Tin Phosphor Bronze Rod. Note the High Reinforce- 
as but Four Similar Coupons Averaged a Tensile Strength of ment and Undercut Areas 

® 20,000 Psi, an Efficiency of 62.5% on the Basis of Soft Copper 
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Table 1—Series 1, Group 2 


In the welds made on 0.31l-inch plate by the oxy 
Filler Weld- Effi- 


eee Cineiis. dee acetylene process, three types of filler rod were used. On 
1S wi % SpeedStrength % of plate Y4(A to G) medium-tin (5%) phosphor bronze rod 
1 Number TinIn./Min. Psi 32, Remarks was used, on Y4(H to N) and Y5(A to G) low-tin (1.75%) 
id ya(A-G) 5 0.8 5,000 15.6 Porous; gas pockets; Phosphor bronze rod formed the bead, and on Y5(// to 
ig ' cold laps N) a brazing metal was used as filler. A comparison of 
¥4(H-N) 1.75 1.64 18,000 56 Porous; few gas pock- the four welds is shown in Table 1. 

as ys(A-G) 1.75 1.54 20,000 62 a A very few one In the first weld the preheating torch, a No. 15 tip, 
n; a pockets was held within 1'/: inch of the welding torch, a No. 12 
1() : V5 (H-N) Brazing 1.0 13,800 48 Sound filler metal tip; in the second and third within '/: inch; and in the 
ne metal last, within 1'/. inch. This variation in the distance 
ch ———— == between the two torches accounted for part of the differ 

he ence in the welding speed, the speed decreasing as the 
SS distance between the tips increased. The greates 
Te strength of the second and third weld indicated that bet 

ly ter fusion of the plate had been obtained; probably the 
ae concentration of the two flames at one point aided in 
ld producing a good weld pool from which the gases could 
th escape before the metal cooled to the freezing point. In 
Ib the fourth weld it was difficult to keep the flux from con 

ch gealing along the surface of the plate and thus causing 
Id cold laps at the bottom of the “V,’’ an indication that 
igh the weld pool was not sufficiently molten. The two plates 
the 8 welded with a low-tin phosphor bronze rod failed in ten 

ag sion just outside the filler metal; in some sections of the 
rn same coupon the fracture was at a distance from the weld 


Some of these fractures in the weld metal were red in 
color, indicating the presence of cuprous oxide in the 
fused metal.** Figure 3 shows the plate after it had been 
cut into coupons and the edges had been planed for 
tension tests. The bead was smooth and glazed but was 
uneven, being heavily reinforced in spots and undercut 
adjacent to these spots as a result of improper weaving 
of the welding torch during welding. Figure 4, a 2.3 X 
macrograph of the weld zone, shows the grain growth 
of the base metal extending into the cast metal, in other 
words, a fusion weld. Although the filler metal showed 
porosity, the strength of this weld was 56°), the failure 


9 being in the edge of the plate at the ““V.” Figure 5, a 
macrograph (2 X) of the weld zone of plate Y5, shows 
porous metal in the bottom of the ““V"’ and the effect ol 
welding heat in the darkened area adjacent to the fusion 
zone in the plate, evidently the effect of hydrogen em- 
brittlement in the original plate.** Figure 6, a macro 
graph at 2.7 X of that portion of the Y5 plate which was 
brazed, shows a clearly marked contact zone, an absence 
of fusion, and embrittlement in the form of darker crys 
tals of the parent plate. 
Group 3 
Of the three welds on 0.501-inch plate,' two were made 
with a phosphor bronze rod containing 1.75°% tin, and 
the third was made with a brazing rod of well known 
manufacture. The plates were all beveled with a single 
“V"’ to within '/1. inch of the back. Before the welding 
a borax-boric acid flux was coated upon both plates and 
10 rods, and during the welding a brazing flux was added 


by dipping the rod into the can of flux. All welds were 
made in a single pass; a No. 12 tip was used for welding 
and a No. 15 for preheating, the torches being held at a 
distance of '/, to */, inch from each other. Preheating 
brought the plates to a red heat before the welding was 
started. The welding speeds on A3 and A5 were 0.895 
and 0.81 inch per minute, respectively, and the brazing 
speed was 0.75 inch per minute. The brazing speed was 


Fig. 8Macrograph at 2 X of Coupon K3-K, a Section Near 


the Wold, Filles and Bene slower than that of welding because at the halfway point 
Fig. 9Macrograph at 2.7 X of Coupon K5-L, at the End of the preheating was discontinued and the bonding was com- 
Weld. Tensile Strength Was 19,800 Psi, an Efficiency of 62% 

on the Basis of Soft Copper oe 
Fig. 10—Macrograph at 2.2 X of Coupon K4-d, frorn a Weld Made ** Progress in Copper Welding, by I. T. Hook and C. E. Swift; Research 
with Brazing Metal. Sharp Lines Show No Fusion Weld with Supplement, THe Wetpino Journat, 17 (10), 48 (1938) ’ 
the Plate, and Cold Laps Are Evident i Electrolytic copper. 
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were exposed at the time of tension tests (Figs. 8 and §) 
Figure 10, a macrograph of a section of weld K4, shows 
that the bead was smooth and flat, and had not fuseg 
with the base metal. 

Results of tension tests on five, four and three coupons 
from welds K3, K4 and K5, respectively, gave a com 
puted strength of 19,000, 10,500 and 19,800 psi, and 
efficiency of 59.4, 33 and 62 per cent, respectively. Thy 
maximum on the welded plates was 24,000 and on th 
brazed 13,800 psi. A comparison of these welds wit 
the welds made on the 0.311-inch plates, Y4 and Y5, 
shows that approximately the same efficiencies were ob 
tained when the same welding rod was used. The weld 
ing speeds on the 0.501-inch plates were slower than | 
the 0.311-inch plates because the groove was deeper and 
more metal had to be deposited. 


CONCLUSIONS REGARDING SERIES | WELDS 


A in a Gace. The regarding the 0.254, 0.311 and 0.501-inch welds com 
a Annealing Effect of the Welding Heat Is Evidenced by the Dark ste , > -vacetvlene ‘ece The welds ' 
ang Lines and Elongation, Which Extend Laterally One and One- ple ted by the Oxy acety lene process. Phe welds wert 
Ls Half Inch good when made with a low-tin phosphor bronze rod 
“id The low-strength welds may have been due to the im 
oe pleted with one torch with a No. 12 tip. The beads on proper operation of the welding torch, but not all the 
: K3 and K5 (Fig. 7) had a high reinforcement and ad- porousness could be attributed to this factor. The 
. jacent undercut areas, and the completed welds were brazed plates had fair strength. However, brazing is not 
similar. The filler metal was porous, and gas pockets recommended for strength bonds between copper plates 
Fig. 12—Macrograph at 3 X of Yl-H Coupon, Which Had a Fig. 14—Macrograph at 3.7 X of Coupon C of Plate Y6(A-G), 
: Very Good Color Match, and Porous Metal at the Bottom of Welded with Low-Tin Phosphor Bronze Rod. Characteristics 
=f the ‘‘V"" Were Porous Filler Metal, Perfect Color Match and an Effi- 
ciency of Only 35% of Soft Copper 
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Fig. 13—Macrograph at 3.7 X of Coupon Y2-N. Characteristics Fig. 15-—Macrograph at 3.7 X of Coupon Y6-I, Welded with 
of This Weld Were Good Fusion, und Cast Metal and a High-Tin Phosphor Bronze Rod. This Weld Had Good Bond. 
Tensile Strength at 89% of Soft Copper Strength of 75% of Soft Copper, Porous Metal at Top and 
Bottom of Bead and a Glazed Surface, All Indicating Nearly 

Perfect Conditions of Welding 
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A molten weld pool which wets the surface of the “V"’ 
does not indicate that a fusion weld has been com- 
pleted; the wetting may be a running of the metal along 
the flux covering the surface. Two torches can be used 
to increase the speed of welding; the helper can weave 
the preheating torch in close proximity to the weld pool 
so that the bottom of the “‘V”’ will reach molten tempera- 
ture at the same time that the top of the groove is fused 
and thus complete a fusion bond. The direction of the 
flames should be such that their combined blast does not 
build up a high back wave and produce a heavy reinforc- 
ing on the top bead. Heat can be saved and the welding 
speed increased by placing insulating, flame-resisting ma- 
terial over the plates and also between the plates and the 
backing bar or welding table. By means of preheating, 
the plate should be brought to a full red heat before weld- 
ing is attempted, and the section of the plate just in 
front of the weld pool should be kept at that heat. A 
coating of flux on the rod is essential in maintaining a 
clean surface on the weld pool; furthermore, flux should 
be added at regular intervals during the welding, from 
an outside source if possible. 


SERIES 2 WELDS 


The second series of welds was made by the long carbon 
arc process in which a welder of large capacity was used 
and the plates were clamped to a copper backing bar. 


Group 1 


The plates of the first group were 0,311 inch in thick- 
ness and twelve inches in length, were hard-rolled, and 


were beveled for a single “V.’’ Hard carbon electrodes 


were used in making the welds. Table 2 gives a summary 


Table 2—Series 2, Group 1 Welds 


Effi- Speed 
ciency of 
% Weld- 
of ing 
Plate Tensile 32,000 In./- 
Number Strength Psi Min. Volts Amp. Remarks 
Y1 (A-H) 31,000 97 10.7 63 400 Dull surface; sound 
metal; good pene- 
tration; brown frac- 
ture. 

13,800 43 9.5 65 380 Dull surface; porous 

metal; cold laps; 

. dark brown fracture. 

Y2(H-N) 28,500 89 10.3 65 380 Dull, pitted surface; 

gas pockets; pene- 
tration good; frac- 
ture dark yellow. 

14,500 45 18.6 60 480 Undercut; poor pene- 

tration; gas pockets; 
cold laps; fracture 
light copper. 

11,400 35 12.0 60 480 *Dull surface: gas 
pockets; cold laps; 
brick red fracture. 

480 Glazed surface; good 
penetration; few 
cold laps; fracture 

copper color. 

* This plate was welded with low-tin (1.75%) phosphor bronze 
rod; the other five with high-tin (10%) phosphor bronze rod. 


Y2 (A-G) 


¥3 (I-O) 


*¥6 (A-G) 


Y6 (H-N) 24,100 


~] 
or 


of the tests made on these welds, and Figs. 11 to 15 
show the grain structure. Of the six plates welded, plate 
YI was the strongest, although its appearance did not 
indicate its high strength. Judged according to the ap- 
pearance of the welds, the plates should be ranked for 


1940 


strength as follows: Y6(// to N), Y3(/ to O), Y6(A toG), 
Y1, ¥Y2(7/ to N) and Y2(A toG). Tension tests showed 
strength above 50° efficiency in the following order: 
Y1(A to H), Y2UH1 to N) and Y6(// to N). The other 
plates were not good welds, but could be used to demon 
strate the proper procedure in welding this gage of metal. 
The volt-ampere requirements for these welds were from 
2400 to 3100 watts; however, the weld at 2470 watts 
had greater strength than either of the two at 2SSO0 watts. 
When the factor of power is considered along with the 
welding speed, the reason for weak welds is apparent. 
The three weak welds were exposed to fusing heat for 
either too long or too short a time. In one weld the 
time was nearly correct, but the filler rod lacked the 
proper characteristics. From the three good welds it 
may be concluded that for welding 0.311-inch plate 
beveled for a single ‘‘V’’ the welding speed should be be 
tween 11 and 12 inches per minute, the impressed voltage 
should be above 70 and the amperes at approximately 
500, and the length of the are should be maintained at 
1 to 1'/,4 inch. 

An examination of the surface of the welds and of the 
enlarged cross sections of the plates and welds bears out 
the above conclusions. Figures 12 and 13, macrographs 
of Y1-H and Y2-N, show small gas pockets distributed 
throughout the weld metal. Figure 15, a macrograph of 
Y6-J, shows that the gas pockets are located at the top 
and bottom of the cast metal, a condition which indi 
cates that the pool was molten for a length of time 
sufficient to permit the gases formed to accumulate near 
the surfaces and thus to produce nearly sound weld 
metal. Since five of these welds were made with a high- 
tin phosphor bronze rod and were stronger than the one 
made with a low-tin rod, it may be concluded that the 
use of low-tin rod in making a wel should not be under 
taken without a proper fluxing agent to provide for the 
removal of oxides from the weld pool. 

Figure 14, a macrograph of coupon C of welded plate 
Y6(A to G), shows the grain structure of the one weld of 
this group which was not made with a high-tin phosphor 
bronze rod. Some porosity existed in the deposited 
metal, but on the whole the filler metal was sound. The 
bond between the filler metal and the plate was perfect, 
being a complete fusion weld throughout; and the 
spread, reinforcement and penetration of the bead were 
satisfactory. Had the rest of the weld been as good as 
this, the strength would have been equal to any of the 
other welds, but cold laps, gas pockets and incomplete 
penetration made a weak weld. 

Figure 11 shows clearly the extent of the annealing 
effect of welding heat laterally from the weld. When a 
coupon is tested in tension the increase in ductility 
causes a greater reduction in area. By noting the posi 
tion where this reduction in area was most marked, it was 
found that the annealing effect did not travel more than 
1'/ inch from the center line of the weld. This coincides 
with the results reported in 1937 and graphically illus- 
trated in Figs. 19 and 24 in that report.* 


Group 2 

The second group in the second series of welds included 
those made on 0.500-inch hard-rolled plate, 20 inches in 
length. The long carbon are process was used, and the 
plates were prepared for welding according to the pro- 
cedure described above, except that the edges of seven 
of the plates were beveled for a double “‘V."’ On these 
the welds were completed by a single pass of the arc 
along each groove of the plate, the plate being inverted 
to lay the second bead after the first had been deposited 
in the upper ‘“‘V.”’ Since the backing bar did not have a 
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Fig. 16—Macrograph at 2.7 X of Coupon K2-H. Dark-Faced 

Bead Was Laid First, Light-Faced Bead Was Laid Last. Both 

Were of 10% Tin Phosphor Bronze Welding Metal. Filler 

Meta! Was Porous, Penetration Was Poor, with Cold Laps on 
First Bead 


Fig. 18—Macrograph at 2.7 X of Section Through Weld Coupon 

K7-G, Completed with High-Tin Phosphor Bronze Rod. he 

First Bead Laid Dripped Icicles Into the Lower ‘‘V;'' the Second 

Bead Laid Fused with = Icicles. The Weld Was 57% 
fficient 


Fig. 17—Composite Photograph of Welded Plates K7 and K11 
(Upper). Note the Similarity in Appearance of the Two Beads 


raised section for blanking the lower ‘‘V’’ while the upper 
was being filled, icicles occasionally dripped through, but 
these caused no trouble in the depositing of the second 
bead. Four plates were welded with a high-tin phosphor 
bronze welding rod; three were welded with a medium- 
tin rod; and one, the plate beveled for a single ‘‘V,” 
was welded in one pass, a high-tin rod being used as the 
filler metal. The results of the tests on the welds are 
given in Table 3. 

An analysis of the results shows that three of the 
welds made with high-tin rods were not particularly 
good, while the fourth was excellent. The variation in 
the welded strength was due to the variations in the weld- 
ing voltage and the speed of welding. In weld A7 the 
top bead was deposited with a voltage of 60 and a speed 
of 12 inches per minute. This part of the weld had cold 
laps, gas pockets and poor fusion at the base of the 
“V" and failed first in the tension test. The bottom 
pass, made with a voltage of 80 and a speed of 13 inches 
per minute, gave to the whole plate most of its strength, 
for the penetration was good, the fusion bond between 
the plate and filler was satisfactory, and there were few 
gas pockets and cold laps. The evidence of strength 
presented by the results from tests on plate K1l bear 
out the conclusion that for 0.5-inch copper plate the 
welding voltage should be set at the capacity of the 
welder (90 volts) and the speed should be 13 to 16 inches 
per minute. 

A study of the cross section of one of the coupons 
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Fig. 19—Macrograph at 2.7 X of Weld Coupon K11-B, a Good 

Weld of High-Tin Phosphor Bronze, Except for Occasional 

Gas Pockets. Strength Was 91.3%. Increased Voltage and 
Welding Speed Increased the Strength Above That of K7 


verifies this conclusion. The top bead of K2-H (Fig. 
16) is high and rounded, and shows fusion only to one- 


fourth of the distance to the bottom of the “V.”’ The 
bottom bead is less rounded, and shows a deeper fusion 
line. Tests showed that the fractures occurred in the 
plate as far as the fusion line penetrated, and that the 
strength was in proportion to the area fused. Two other 
welds made with the same filler metal, a high-tin phos- 
phor bronze rod, seemed nearly alike as to surface tex- 
ture (Fig. 17). However, macrographs of these welds 
(Figs. 18 and 19) revealed a contrast. Figure 15, a 
macrograph of coupon K7-G, shows that the top bead is 
high and rounded with a short fusion line at the top edge 
of the ‘‘V,’’ while the opposite bead is almost completely 
fused to the bottom of the “V."’ Tests in tension of the 
coupons showed that the top bead had cold laps, gas 
pockets and oxide slags, making a poor bond to the plate, 
but that the bottom bead was well fused to the plate, 
and that the main strength of the weld was in the bottom 
bead. Figure 19, of coupon K11-B, shows a macrograph 
of a nearly perfect weld. Fusion extended to the whole 
depth of the ‘“V;" there were few gas pockets; and the 
efficiency was 91.2%. One coupon tested 93.5% effi- 
cient, based upon copper at 32,000 psi. The results ob- 
tained from plate K13 indicate that welding speeds in 
excess of 16 inches per minute will produce weak welds, 
as shown in Table 3. 

Some interesting information and results were ob- 
tained from experiments in welding three 0.501-inch 
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plates, medium-tin phosphor bronze being used as the 
filler rod. The first weld, K9, proved to be a failure, al- 
though the external appearance did not indicate the 
extent of the failure. The surface of the filler metal was 
fairly smooth, and the ripples were regular, but the bead 
was somewhat flat and brown in color (Fig. 20). Tests 
upon coupons gave a maximum strength of 8200 psi, an 
average efficiency of 21.5%. Some of the coupons fell 
apart when sawed from the plate. The second weld, 
K10, had a surface appearance similar to that of K9; 
however, tests of the coupons gave an average efficiency 


Fig. 20—Composite Photograph of the First Bead on Plate K9 
(Lower), and the Second Bead on K10 (Upper), Completed with 


Medium-Tin Phosphor Bronze Rod. The Beads Were Some- 
what Similar in Appearance, That on K10 Being the Better 
Fig. 2l1—Macrograph at 2.7 X of Coupon K10-B, Which Shows a 
Good Bond Made with Medium-Tin Phosphor Bronze Rod. 
Five Coupons Tested 29,400 Psi in Tensile Strength, and an 
Efficiency of 92%. Metal Was Deposited by Long Carbon Arc 
at the Rate of 11.6 Inches - ———- 90 Volts and 600 Amperes 
in 


. g Used 
Fig. 22—Macrograph of K12-C at 2.7 X. External Appearance 


Was Similar to That of K10. Welding font Was 18 Inches 
per Minute and the Strength Was 60% of That of Soft Copper 
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of 92°), the maximum being 92.59%. This second plate 
was welded in the same manner as the first, except that 
the voltage was increased by 25 to 30 volts. The result 
was a successful weld, whose efficiency was increased 
over 400°>. Figure 21, a macrograph of coupon B of the 
K10 plate at 2.7X, shows complete fusion between 
filler and plate metal. Although the cast metal was 
porous, tension tests showed that the weld was nearly 
100% efficient. On plate K12 the welding speed was 18 
inches per minute and the voltage was SO to 82; this 
increase in the speed of welding above 12 inches per 
minute decreased the strength of the weld. Figure 22 
shows that the beads were high and wide-spread, that 
the fusion zone was shallow, and that the cold laps and 
gas pockets prevented even ‘‘wetting’’ of the bottom of 
the ““V"’ and resulted in a weak weld. 

The last plate, A6, is one on which an effort was made 
to complete a weld in one pass on a 0.501-inch plate 
beveled for a single “‘V,’’ a high-tin phosphor bronze rod 
being used as a filler. Figure 23 shows the weld after 
the plate had been cut into coupons and tested. The 
surface appearance of the filler was fair, but the back 
bead showed cold laps, incomplete penetration (Fig. 
24), and gas pockets, which could be accounted for in 
part by the fact that a welding rod was laid in the botton 
of the groove to aid in the rapid filling of the “V.”’ 
Although the weld was 57.5% efficient on three coupons, 
the bond was completed only on the upper half of the 
“V,” and therefore should be termed an unsuccessful 
weld. 


Table 3—Series 2, Group 2 Welds 
Effi- Speed 


ciency of 
% Weld- 
Plate of ing 


Num- Tensile 32,000 In./- 


ber Strength Psi. Min. Volts Amp. Remarks 
K2* 22,200 69.5 2t 67 500 High, round bead; poor 
and and and penetration; spaced 


11 65 420 too close; gas pockets; 


cold laps. 


K7* 18,300 57 12.5 60 500 Spaced too wide; cold 
and to and laps made first bead 

13 80 420 weak; surface color 

and bond good on 2nd. 

K11* 29,200 91.3 14 90 560 Both beads good; color 
16.7 80 580 good; glazed surface; 


penetration good. 
K13* 20,300 68.5 14.2 75 550 Spaced too close; second 
and and and bead welding speed too 


22 75 550 fast; cold laps; gas 
pockets. 
K9t 6,900 21.5 10.6 60 480 Voltsand amp. low; poor 
and and and fusion; cold laps; 
11.7 55 520 oxides showing burned 
metal; very weak; 
porous 
K10¢ 29,400 92 10.4 70 600 Glazed surface; few gas 


pockets; good fusion, 
color, penetration. 
K12¢ 19,400 60 17.5 82 675 Surface dark; porous; 
cold laps; gas pockets; 
poor penetration 

K6* 18,400 57.5 5.5 60 440 Bead dull copper color; 
flat; upper half 


bonded; lower half 
gas pockets; cold laps; 
oxides 


* 10% tin phosphor bronze filler rod used 

+ 5% tin phosphor bronze filler rod used. 

t First values given are for first bead laid, second values are for 
second bead 


In this group, as in Group 1 of this series, the tension 
tests marked distinctly on the coupon the extent of 
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Fig. 16—Macrograph at 2.7 X of Coupon K2-H. Dark-Faced 

Bead Was Laid First, Light-Faced Bead Was Laid Last. Both 

Were of 10% Tin Phosphor Bronze Welding Metal. Filler 

Metal Was Porous, Penetration Was Poor, with Cold Laps on 
First Bead 


Fig. 17—Composite Photograph of Welded Plates K7 and K1l1 
(Upper). Note the Similarity in Appearance of the Two Beads 


raised section for blanking the lower ‘‘V’’ while the upper 
was being filled, icicles occasionally dripped through, but 
these caused no trouble in the depositing of the second 
bead. Four plates were welded with a high-tin phosphor 
bronze welding rod; three were welded with a medium- 
tin rod; and one, the plate beveled for a single “V,” 
was welded in one pass, a high-tin rod being used as the 
filler metal. The results of the tests on the welds are 
given in Table 3. 

An analysis of the results shows that three of the 
welds made with high-tin rods were not particularly 
good, while the fourth was excellent. The variation in 
the welded strength was due to the variations in the weld- 
ing voltage and the speed of welding. In weld A7 the 
top bead was deposited with a voltage of 60 and a speed 
of 12 inches per minute. This part of the weld had cold 
laps, gas pockets and poor fusion at the base of the 
“V"’ and failed first in the tension test. The bottom 
pass, made with a voltage of 80 and a speed of 13 inches 
per minute, gave to the whole plate most of its strength, 
for the penetration was good, the fusion bond between 
the plate and filler was satisfactory, and there were few 
gas pockets and cold laps. The evidence of strength 
presented by the results from tests on plate K11 bear 
out the conclusion that for 0.5-inch copper plate the 
welding voltage should be set at the capacity of the 
welder (90 volts) and the speed should be 13 to 16 inches 
per minute. 

A study of the cross section of one of the coupons 
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Fig. 18—Macrograph at 2.7 X of Section Through Weld Coupon 

K7-G, Completed with High-Tin Phosphor Bronze Rod. he 

First Bead Laid Dripped Icicles Into the Lower ‘‘V:'’ the Second 

Bead Laid Fused with — Icicles. The Weld Was 57% 
fficient 


Fig. 19—Macrograph at 2.7 X of Weld Coupon K11-B, a Good 

Weld of High-Tin Phosphor Bronze, Except for Occasional 

Gas Pockets. Strength Was 91.3%. Increased Voltage and 
Welding Speed Increased the Strength Above That of K7 


verifies this conclusion. The top bead of K2-// (Fig. 
16) is high and rounded, and shows fusion only to one- 
fourth of the distance to the bottom of the “V.” The 
bottom bead is less rounded, and shows a deeper fusion 
line. Tests showed that the fractures occurred in the 
plate as far as the fusion line penetrated, and that the 
strength was in proportion to the area fused. Two other 
welds made with the same filler metal, a high-tin phos- 
phor bronze rod, seemed nearly alike as to surface tex- 
ture (Fig. 17). However, macrographs of these welds 
(Figs. 18 and 19) revealed a contrast. Figure 18, a 
macrograph of coupon K7-G, shows that the top bead is 
high and rounded with a short fusion line at the top edge 
of the “V,’’ while the opposite bead is almost completely 
fused to the bottom of the “V.’”’ Tests in tension of the 
coupons showed that the top bead had cold laps, gas 
pockets and oxide slags, making a poor bond to the plate, 
but that the bottom bead was well fused to the plate, 
and that the main strength of the weld was in the bottom 
bead. Figure 19, of coupon K11-B, shows a macrograph 
of a nearly perfect weld. Fusion extended to the whole 
depth of the ‘“V;” there were few gas pockets; and the 
efficiency was 91.2%. One coupon tested 93.5% efli- 
cient, based upon copper at 32,000 psi. The results ob- 
tained from plate K13 indicate that welding speeds in 
excess of 16 inches per minute will produce weak welds, 
as shown in Table 3. 

Some interesting information and results were 0b- 
tained from experiments in welding three 0.501-inch 
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plates, medium-tin phosphor bronze being used as the 
filler rod. The first weld, K9, proved to be a failure, al- 
though the external appearance did not indicate the 
extent of the failure. The surface of the filler metal was 
fairly smooth, and the ripples were regular, but the bead 
was somewhat flat and brown in color (Fig. 20). Tests 
upon coupons gave a maximum strength of 8200 psi, an 
average efficiency of 21.5%. Some of the coupons fell 
apart when sawed from the plate. The second weld, 
K10, had a surface appearance similar to that of K9; 
however, tests of the coupons gave an average efficiency 


Fig. 20—Composite Photograph of the First Bead on Plate K9 
(Lower), and the Second Bead on K10 (Upper), pomgeetes with 


Medium-Tin Phosphor Bronze Rod. The Beads Were Some- 
what Similar in Appearance, That on K10 Being the Better 
Fig. 2l—Macrograph at 2.7 X of Coupon K10-B, Which Shows a 
Good Bond Made with Medium-Tin Phosphor Bronze Rod. 
Five Coupons Tested 29,400 Psi in Tensile Strength, and an 
Efficiency of 92%. Metal Was Deposited by Long Carbon Arc 
at the Rate of 11.6 Inches per Minute, 90 Volts and 600 Amperes 


ing Use 
Fig. 22—Macrograph of K12-C at 2.7 X. External Appearance 
Was Similar to That of K10. Welding ee Was 18 Inches 
per Minute and the Strength Was 60% of That of Soft Copper 
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of 92%, the maximum being 92.59%. This second plate 
was welded in the same manner as the first, except that 
the voltage was increased by 25 to 30 volts. The result 
was a successful weld, whose efficiency was increased 
over 400%. Figure 21, a macrograph of coupon B of the 
K10 plate at 2.7, shows complete fusion between 
filler and plate metal. Although the cast metal was 
porous, tension tests showed that the weld was nearly 
100% efficient. On plate K12 the welding speed was 18 
inches per minute and the voltage was S80 to 82; this 
increase in the speed of welding above 12 inches per 
minute decreased the strength of the weld. Figure 22 
shows that the beads were high and wide-spread, that 
the fusion zone was shallow, and that the cold laps and 
gas pockets prevented even ‘wetting’ of the bottom of 
the ““V"' and resulted in a weak weld. 

The last plate, K6, is one on which an effort was made 
to complete a weld in one pass on a 0.501-inch plate 
beveled for a single ‘“‘V,”’ a high-tin phosphor bronze rod 
being used as a filler. Figure 23 shows the weld after 
the plate had been cut into coupons and tested. The 
surface appearance of the filler was fair, but the back 
bead showed cold laps, incomplete penetration (Fig. 
24), and gas pockets, which could be accounted for in 
part by the fact that a welding rod was laid in the botton 
of the groove to aid in the rapid filling of the “V.” 
Although the weld was 57.5% efficient on three coupons, 
the bond was completed only on the upper half of the 
“V," and therefore should be termed an unsuccessful 
weld. 


Table 3—Series 2, Group 2 Welds 
Effi- Speed 


ciency of 
% Weld- 
Plate of ing 


Num- Tensile 32,000 In./- 
ber Strength Psi. Min. Volts Amp. Remarks 
K2* 22,200 69.5 12t 67 500 High, round bead; poor 
and and and penetration; spaced 
11 65 420 too close; gas pockets; 
cold laps. 


K7* 18,300 57 2.5 60 500 Spaced too wide; cold 
and to and laps made first bead 

3 80 420 weak; surface color 

and bond good on 2nd. 

K11* 29,200 91.3 14 90 560 Both beads good; color 
16.7 80 580 good; glazed surface; 


penetration good. 
K13* 20,300 63.5 14.2 75 550 Spaced too close; second 
and and and bead welding speed too 


22 75 5650 fast; cold laps; gas 
pockets 
K9t 6,900 21.5 10.6 60 480 Voltsandamp. low; poor 
and and and fusion; cold laps; 
11.7 55 520 oxides showing burned 
metal; very weak; 
porous. 
K10t 29,400 92 10.4 70 600 Glazed surface; few gas 
12.9 80 590 pockets; good fusion, 
color, penetration. 
K12¢ 19,400 60 17.5 82 675 Surface dark; porous; 
18.4 80 550 cold laps; gas pockets; 


poor penetration 
K6* = 18,400 57.5 5.5 60 440 Bead dull copper color; 
flat; upper half 


bonded; lower half 
gas pockets; cold laps; 
oxides 


* 10% tin phosphor bronze filler rod used 

+ 5% tin phosphor bronze filler rod used. 

} First values given are for first bead laid, second values are for 
second bead 


In this group, as in Group 1 of this series, the tension 
tests marked distinctly on the coupon the extent of 
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annealing in the plate which was caused by the welding 
heat. The distance from the center line of the weld to the 
hard copper measured about two inches. The results 
presented in the previous report were again confirmed. 


GENERAL CONCLUSIONS 


The results of the tests on two thicknesses of plates 


Fig. 23—Photograph of Welded Plate K6 After Tension Tests. 

A Single *‘V,’’ One-Pass Weld on One-Half Inch Plate. The 

Light Areas on the Tested Coupons Are the Fused Portion, the 
Dark Ones Are Cold Laps 


Fig. 24—Macrograph at 2.2 X of Coupon K6-D, After Tension Test. 
The Strain Lines Show in the Grain Structure 


welded by the long carbon arc process lead to the follow- 
ing conclusions. 

1. High voltages are essential for satisfactory weld- 
ing, especially where copper backing bars are used. 

2. A special bar or block should be used to blank the 
under side of the double “‘V”’ when the first pass is made 
on the plate. 

4. The welding speeds for °/;.-inch copper plate 
having a single ‘“‘V”’ should be 11 to 13 inches per minute. 

4. The welding speeds for '/2-inch copper plate pre- 
pared with a double “V”’ should be 14 to 16 inches per 
minute with high voltages. Higher speeds result in in- 
complete penetration. 

5. A high-tin phosphor bronze rod gives best results, 
although successful welds may be accomplished with 
medium-tin phosphor bronze, if strength of the plate is 
not an important factor. 

6. If it is possible to follow the first bead on a double 
“V"’ with the second bead before the heat of the first 
weld has been dissipated, better welds will result. 

7. Welding heats from the long carbon are can be 
expected to travel laterally 1'/2 to 2 inches with anneal- 
ing effect. To compensate for this the thickness must be 
increased if strength is a factor. 

8. The spacing of the plates before welding should 
be such that the inner edges of the “‘V”’ will be just short 
of touching after the welding heat has expanded the 
metal. 

9. Plates thicker than °/;, inch should be beveled for 
a double “V”’ unless it is impossible to complete a seconc 
pass on the back of the plate. 

10. The graphite electrode should be used in prefer- 
ence to the hard carbon electrode, because better quality 
welds may be expected when welding by the long carbon 
are process. 

The assistance of the following persons is gratefully 
acknowledged: L. W. Peterson, undergraduate, and 
G. W. Boyd, Assistant Professor of Metallurgy at 
M.C.M.&T. The cooperation of the Kennecott Copper 
Corporation, American Brass Company, Revere Copper 
and Brass Incorporated, in supplying materials and other 
assistance, is greatly appreciated. 
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WELD RECORDER 


Because the numerous variables affect- 
ing the quality of spot welds are not under 
constant control, General Electric Com- 
pany has developed a weld recorder to 
record and indicate these variations. The 
weld recorder acts as a recording instru- 
ment, signaling device and lockout con- 
trol which measures the electrical input 
to the spot-welding machine for each spot 
weld. 


With the increased use of welding and 
the increased rigidity of specifications, 
sound, dependable welds are a primary re- 
quirement. Spot welding is now being 
used extensively on structural members of 
aircraft, rail cars, automobiles, buses, 
trucks and trailers. Each of these struc- 
tures is subjected to vibrational stresses 
of considerable magnitude, and in some of 
them certain parts must be airtight and 
gastight. Here, the failure of a single 
weld might be fatal. 


WELDING RESEARCH SUPPLEMENT 


The new weld recorder is so designed 
that when the electrical input to the 
welder (I*t) varies sufficiently to cause a 
defective weld, a bell gives a continuous 
audible signal, and the weld-initiating cir 
cuit is automatically opened, preventing 
subsequent welding until a push button 1s 
pressed. In addition, the recorder chart 
indicates visually that the weld was not 
within the preset allowable limits for 
proper welding and shows whether the 
heat was above or below normal. 
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By AMBROSE H. STANG and MARTIN GREENSPAN 


ABSTRACT 


The distribution of stress in the knee of a welded steel rigid- 


frame specimen having straight flanges was determined from strain 
measurements. The maximum load also was determined. 


I. INTRODUCTION 


of Steel Construction, tests have been made on 
three steel rigid-frame specimens. 
The results on a riveted specimen having straight 


Ws the cooperation of the American Institute 


flanges have been reported in RP1130' and on a riveted 
specimen having a curved inner flange in RP1161.*. The 
results on a welded specimen having straight flanges 
are reported here. 
Lukenweld, Inc. 


This specimen was donated _by 


II. DESCRIPTION OF THE SPECIMEN 


The welded rigid-frame specimen is shown in Fig. 1. 


It was fabricated from steel plates and bars joined by 
welding. 
Inc., was 2030 Ib. 
symmetrical about the diagonal stiffeners through the 
knee. 


The weight as determined by Lukenweld, 
The specimen was approximately 


III. TESTING PROCEDURE 


The rigid-frame specimen was tested in a vertical, 


screw-driven, beam-and-poise testing machine having a 


* Research Paper RP1224, Part of Journal of Research of the National 


Bureau of Standards, Volume 23, July 1939 
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* ROSETTE LOCATION 


Fig. 1—Welded Rigid-Frame Specimen 
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STRENGTH OF A WELDED 


Steel Rigid Frame 


Fig. 2—Right-Frame Specimen in the Testing Machine 


capacity of 600 kips. The load was not applied through 
pin-connected shoes as in previous tests.'2 The end 
flanges of the specimen were in direct contact with the 
platens of the testing machine. 

Strain-gage readings were taken on 252 rosettes lo- 
cated as shown in Fig. | with Whittemore strain gages, 
2-inch gage length. One division on the dial of the strain 
gage corresponds to a strain of 0.00005. Readings were 
estimated to 0.1 division. Each rosette consisted of 
four gage lines intersecting at a point and inclined at 
45° to one another. 
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Fig. 4—Minimum Principal Stress, Kips/In.* 


Each rosette location shown in Fig. 1 represents two 
rosettes, one on each side of the specimen. 

The specimen in the testing machine is shown in Fig. 2. 
Before strain-gage readings were taken, a compressive 
load of 57 kips was applied and released five times. 
Strain-gage readings were taken at compressive loads of 
4 kips and 54 kips. 


IV. MEASURED STRESSES 


Stresses computed from the strain-gage readings will 


be called measured stresses. These stresses were com- 
puted from the strains due to the 50-kip increase in load 
by the methods outlined in RP1130! using an assumedt 
Young’s modulus of elasticity of 29,000 kips/in.* For 
the web the strains in corresponding gage lines of rosettes 
on opposite sides were averaged and the average values 
used in the computations. For the flanges the strains in 


t No material for test coupons was submitted with the specimen. 
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corresponding gage lines of the four rosettes were aver- 
aged and the average values used in the computations, 
The magnitudes and directions of the principal stresses 
and of the maximum shearing stress for each set of ro- 
settes were computed. 

The results of these computations are shown in Figs. 
3 to 7, inclusive. Figure 3 is a contour chart of the 
maximum principal stress. Each contour line is a locus 


- 


~ 


Fig. 5—Maximum Shearing Stress Kips/In.* 


of points of equal maximum principal stress in the plane 
of stress. The contour lines show only the magnitudes 
of the stress. The directions of the contour lines are not 
the directions of the maximum principal stresses. The 
contour lines do not give the values of the stresses in the 
diagonal stiffener. Similar contour charts of the mini- 
mum principal stress and of the maximum shearing 
stress are shown in Figs. 4 and 5, respectively, except 
that the contour lines of maximum shearing stress in 
Fig. 5 were drawn for the three-dimensional state of 
stress. At any point at which the principal stresses in 
the plane of stress are of the same sign, the maximum 
shearing stress occurs in planes at 45° to the plane of 


SECTION A-A 


WELDING RESEARCH SUPPLEMENT 


Fig. 6—Magnitude and Direction of the Maximum and of the Minimum 
Principal Stresses 
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rame Specimen After the Maximum Load 
Has Been Passed 
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stress and is equal to one-half the numerically larger of 
these principal stresses. 

The magnitudes and directions of the principal stresses 
in the plane of stress are shown in Fig. 6. The normal 
and shearing stresses on sections perpendicular to the 
outer flanges are shown in Fig. 7. The dotted lines in 
Fig. 7 show the bending stresses on the assumption that 
the direct compressive stress is uniform over the cross 
section. 

The largest normal stresses occur at the inner corner of 
the frame, where the diagonal stiffener joins the inner 
flanges. The largest shearing stress occurs in this 
neighborhood also. These large stresses are local effects 
due to the action of the stiffener. 

An analytical solution for the stresses in the knee was 
not obtained. 

Because the load was applied to the flat end flanges of 

the specimen, the position of the load line is indefinite. 
If the flanges were initially parallel, the load line would 


Fig. 9—Inner Portion of the Rigid-Frame Specimen After Failure 


pass through the center of the flanges at low loads 
As the load increased, the load line would move toward 
the knee of the frame. The effective position of the load 
line may be computed as follows. On across section of a 
leg remote from the knee the normal-stress distribution 
is linear and presumably follows that of the ordinary 
beam theory. Assuming the direct compressive stress 
due to the normal component of the load to be distrib- 
uted uniformly over the cross section, the moment arm 
of the load may be computed from the measured stresses. 
It was computed that for this test the effective load line 


— moved about 7.4 inch from the center of the loading 
154.6 Kips 


flanges toward the knee of the frame. 
ll-s 
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V. MAXIMUM LOAD 


The rigid-frame specimen arranged for the determina- 
tion of the maximum load is shown in Fig. 8. The 
conditions for this test were the same as for the stress- 
distribution determination, except that the outer corner 
was restrained laterally. 

The maximum load was 153.6 kips. Failure occurred 
by buckling of the web and flange on the compression 
side of the upper leg, as shown in Fig. 8. The buckle in 
the flange is shown more clearly in Fig. 9. The welds 
did not fail. Liiders’ lines were not observed, as the 
mill scale had been removed from the specimen by the 
fabricators. 

For the stress-distribution determination, the ratio of 
the load to the greatest measured stress was 2.91 kips 
per kip/in.? Assuming a linear variation of stress with 
load up to failure, the greatest stress in the frame would 
be 52.8 kips/in.? Since this is probably higher than the 
compressive yield point of the material, it is probable 
that the full compressive strength of the material was 
utilized. 


STRENGTH OF WELDS IN 


VI. SUMMARY 


The stress distribution in a welded steel rigid frame 
having straight flanges was determined experimentally. 
It was found that on cross sections of the legs remote 
from the inner corner of the frame, the distribution of 
normal stress followed that of the ordinary beam theory, 
The largest stresses occurred at the inner corner of the 
frame, and appeared to be a local effect due to the pres- 
ence of the diagonal stiffener. No analytical solution 
for the stresses in the knee was obtained. 

The maximum load was 153.6 kips. Failure occurred 
by buckling, but it is probable that the full compressive 
strength of the material was utilized. The welds did not 
fail. 
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By G. O. HOGLUND' 


Aluminum-Manganese Alloy Plate 


HE information presented in this paper is submitted 

to the Subcommittee on Non-ferrous Pressure 

Vessels of the Welding Research Committee and 
concerns the strength of welds in aluminum-manganese 
alloy plate. This presentation of the results of tests is 
an attempt to provide such specific information as is 
now available to provide a partial basis for code regula- 
tions on unfired pressure vessels. 

Welded structures of the unfired pressure vessel type 
have been constructed for years without the necessity of 
complying with a code. In view of the increased number 
of applications which are being made, and the desir- 
ability of providing means for new fabricators, who are 
entering this field, to check their welding practices and 
operators, regulations concerning the design and fabri- 
cation of such vessels are being established. 

The following information concerns data that have 
been gathered over the past four years in qualifying 
welding operators for welding aluminum plate. These 
data are useful in that they present a picture of what can 
be obtained under shop conditions, and sufficient tests 
are available so that minimum requirements can be set 
up. The conditions under which the plates were pro- 
duced represent good welding practice and the operators 
who made satisfactory test plates have welded many 
production vessels that have good service records. The 
qualification procedure was laid out to control the qual- 
ity of shop welding and to establish the ability of the 
operators to do satisfactory welding. 

While there are a number of alloys and tempers of 
aluminum and aluminum alloys used for welded pressure 
vessels, the general-purpose material in this field is the 


* Contribution to Industrial Research Division, 
mittee. 
t Welding Engineer, Aluminum Company of America. 
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aluminum-manganese alloy 3S. Other materials such 
as commercially pure aluminum and aluminum of 
higher purity are used in special cases where resistance 
to certain types of chemical attack is important. The 
latter materials are the same as 3S from the standpoint 
of welding technique but the values of tensile strength 
and elongation across welded joints are different from 
3S and the following specific data cannot be used to 
establish the strength of welds in such materials. From 
the standpoint of preparation of joints, weld soundness 
and examination of weld structure to determine the 
suitability of the welding process, or the ability of an 
operator to make a weld, the methods used on 3S can be 
used with assurance that satisfactory results would be 
obtained. 

The data shown in Fig. 1 represent results from about 
75 test plates welded by various operators and includes 
results of tests on plates with sound welds and on plates 
where the welds showed lack of soundness because oi 
faulty technique. In most cases a butt weld was made 
between two '/2 in. thick x 8 in. x 17 in. plates. Sufficient 
data on °/; in. thick and **/3. in. thick plate are included 
to indicate that the values are representative of what can 
be expected when welding aluminum alloy plate in thick- 
nesses of '/, in. up to 1 in. thick. 

Two specimens were taken from each plate and tested 
with the full weld bead in place. Two specimens were 
also taken from each plate and tested after reducing 
the section at the weld so as to remove all projecting 
material from the weld bead. The tensile strength and 
elongation for the full section test specimens are shown 
in Fig. 1. The tensile strength of the reduced section 
specimens is shown in Fig. 2. One inch wide free-bend 
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tA. S. T. M. Tentative Specification B-79-38T. 
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specimens were also machined from the plates and the 
elongation obtained in the weld zone when the speci- 
mens were tested is shown in Fig. 2. 

All of these test plates were gas welded. Both oxy- 
hydrogen and oxyacetylene were used and about an 
equal number of plates made with each gas. The 
soundness and mechanical properties of the welds were 
the same regardless of the welding gas. 

All of the test plates were prepared for welding by 
veeing to the dimension shown in Fig. 3 and were welded 
with two or three weld beads. Alcoa No. 32 weld flux 
was used, mixed with tap water and applied to the 
welding rod by dipping. Other aluminum welding fluxes 
with equal fluxing properties would have been as satis- 
lactory. 

Commercially pure aluminum was used as filler ma- 
terial for all of these welds. Strip filler material of the 
parent alloy would be equally satisfactory and would 
result in welds of slightly higher strength than shown in 
Fig. 1. 

Nick break specimens were also taken from each test 
plate in order to ascertain the soundness of the welds. 
As already mentioned the data from test plates made by 
both good and poor welders are included in Fig. 1. 
Correlation of the tensile tests with the soundness tests 
shows that those plates with a full section tensile strength 
higher than 13,000 Ib. per sq. in. and a reduced section 
tensile strength higher than 14,000 Ib. per sq. in. do not 
show weld defects larger than the standard now es- 
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tablished for ferrous materials. Weld defects which can 
be attributed to faulty operator technique are oxide 
inclusions, lack of fusion or penetration, or foreign ma- 
terials in the welds. These were found in the plates with 
low mechanical properties. 


pw Over 


Fig. 3—Preparation of Plate for Welding 
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REPORT ot SHORT TIME CREEP TESTS 


on Arc Welded Low Carbon Steel’ 


By N. F. WARD? 


ABSTRACT 


The creep tests reported herewith are for 0.10% carbon 
steel in the annealed condition and as welded with the 
alternating current arc, using a flux-coated electrode of 
mild steel. Specimens of the welded steel were subjected 
to constant load at the temperatures of 500° F., 700° F. 
and 900° F. These tests include the results for a com- 
panion specimen of the same steel which was tested 
under simultaneous procedures, yielding comparative 
performance at elevated temperatures of arc-welded 
and unwelded low carbon steel for periods of loading in 
excess of 100 hours’ duration. Superior creep resistance 
of the arc-welded steel under sustained load, which is 
made invariant by application of a dead load during the 
tests, is shown to exist. Useful data for this steel at 
elevated temperature are shown to result when welded 
and unwelded steels of the same grade are reduced by 
stress-relieving heat treatment before undertaking the 
creep test determinations. 


HE method of control of distortion in welded joints 
I under creep conditions can be determined by suitable 
tests while the mechanism of the distortion may re- 
main obscure in its essential aspects, particularly when 
the deformation occurs at elevated temperature. These 
creep tests yield only slight clues to the phenomena, the 
interpretation of which, is impaired by the many vari- 
ables, not present in unwelded metal. Briefly stated 
these are: 


1. Inherent difference of flow in fine and coarse 
grained metals below the equi-cohesive temperature. 


* Contribution to Fundamental Research Division, Welding Research Com- 
mittee. 

t Associate Professor of Mechanical Engineering, University of California, 
Berkeley, California. 


Fig. 1—Rear View. Showing 

Loading Frame, Furnace, Paral- 

lel Specimens, Thermocouples 
and Photographic Equipment 
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HEATING AND RECORDING CIRCUITS 


Fig. 2a—Hourly 
Photographic 
Sequence of Creep 
Gaging_Dials 
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4 Fig. 3—0.10% Carbon Steel Stress Relieved from 1200° F. 
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Fig. 5—Transition Zone in Arc Welded 0.10% Carbon 
Steel After Creep Test at 900° F. Mag. 180 X 


2. Metallurgical changes in weld deposit and parent 


metal producing non-uniform microstructure, or external 
physical properties. 

3. Residual stresses of weld and parent metal. 

Under the present conception of creep phenomena the 
reduction in a number of these variables is accomplished 
by subjecting specimens to annealing heat treatment 
which reduces the residual stress to a minimum, and by 
comparison of two specimens under identical conditions 
of temperature and load so far as physically possible, 
experimentally. The two methods suggested are: one, 
of testing the original metal and the weld metal inde- 
pendently; or, second, of testing original metal and the 
welded specimen including as it does the weld, under 
similar conditions of load and elevated temperature. The 
latter procedure, for design data, has greater possibility 
b= = of yielding useful results for reliable joints under creep 
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CREEP TESTS ON ARC WELDS 


Fig. 4—0.10% Carbon Steel After Creep Testin 
Under Tensile Stress of 15,160 Lb./Sq. In. 
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Fig. 6—Weld Deposit in Arc Welded 0.10% Carbon Steel 
After Creep Test at 900° F. Mag. 180 X 


conditions, since the welded volume remains an integral 
part of the specimen. The procedure reported here, 
while adhering to A. S. T. M. (E-22-38T) standard in all 
essential requirements, yields actual service data when 
testing two specimens in tension, one being the original 
metal in the annealed condition and the other being as 
welded with the alternating current arc and flux coated 
electrode according to accepted practice. 


TEST DETAILS 
Material.—The metal, selected for the creep tests, was 


cold-drawn 0.10% carbon steel, possessed of the physical 
properties appearing in the accompanying table. Selec- 


tion of this steel in the cold-drawn state and later in the 
annealed conditions in !/, inch diameter of test section 
was based upon the following considerations: 


Table of Composition of Steels for Tests 


Carbon 0.10% 
Manganese 0.37% 


Phosphorus 0.035% 
Sulphur 0.03% 


Table of Physical Properties at Room Temperature 


Cold Drawn 
Steel Designation As-Received 


Ultimate tensile stress 


Ib./sq. in. 103,000 
Per cent elongation in 4 

inches 3.2 
Per cent reduction in area 43.1 
Hardness (Rockwell) B-54.3 


Modulus of elasticity 
Coeff.* thermal expansion 
in./in./° F. 


26.2 x 108 


* Values by Rockwell Dilatometer. 


1. Uniformity of microstructure and physical prop- 
erties of several specimens in a given heat. 

2. Minimum variation of deposited and base metals. 

3. Assurance in small diameter of specimen that rela- 
tive grain size variation due to previous mechanical work- 
ing and subsequent welding are comparable. 

1. Creep data for arc-welded stampings and rolled 
shapes. 

Equipment.—The creep apparatus consisted of: load- 
ing frame, creep gaging, its photographic record and 
heating control. These are the minimum of essential 
elements, and yet indispensable for tests over long periods 
of time. Substitution of automatic recording features 
of this creep test apparatus provide a degree of uniformity 
unattainable with an equivalent manual-control system. 

Heating.—-Two specimens are heated simultaneously 
in a 740 watt gap-wound furnace of resistance type with 
nichrome ribbon elements distributed in coils, spaced 
with '/s-inch pitch of coil at either end and !/,-inch pitch 
of coil at the center section. Each specimen was located 
symmetrically relative to the circular cross section of the 
furnace. A careful temperature survey along each speci- 
men taken with both open furnace ends insulated with 
85°> magnesia pads, in place, showed a maximum vari- 
ation of 7 to 9° F. from the top of the test section to its 
lower end, as in Fig. 1. 

Three chromel-alumel thermocouples were used, two 
being connected to the recording potentiometer and one 
to the automatic temperature controller. One thermo- 
couple was strapped on the inner surface of the unwelded 
specimen opposite to the heating surface of the furnace 
and the other strapped in a similar position on the welded 
specimen. 

The third was held in a position midway along the test 
section and between the two specimens. The correction 
of temperature errors in each thermocouple was based 
upon the calibration with the respective freezing-point 
temperatures of tin and zinc. 

Specimen Loading.—The two specimens were approxi- 
mately 12 inches after being upset by forging into spheri- 
cal-seated ferrules which were provided with threads to 
screw into the loading beam on the upper end and into 
the tension link on the lower end. The specimen shank 
diameter as welded and unwelded was °/ \, inch, and ma- 
chine turned to '/, inch over a test length of 4 inches be- 
tween fillets. By visual inspection of these machined 
test sections, especially those welded, the relative sound- 
ness of the specimens could be determined. The loadings 
were applied with a suitable weight pan on each loading 
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Cold Drawn 
Annealed from 1200° F. 


(68-1000° F.) 


Cold Drawn 
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As-Welded 


Process Annealed 


70,400 49,950 43,400 

17.0 3.1 15.2 

58.8 4.4 15.9 

B-52 B-57.3 B-56.5 
27 x 10° 


in range 


beam with its fulcrum 43 inches from the plumb-line 
of the dead weights; and the specimen head was 3 inches 
from this fulcrum on the end opposite to the weight ap- 
plication. These weights were so adjusted that the load- 
ing on the specimens produced equal stress intensities in 
each specimen. 

Preliminary tension tests on the specimens with their 
ferrules attached furnished, at room temperatures, ample 
proof of the localization of strain within the test section. 
Since the specimens are of identical shape and size, except 
for small temperature variation between the specimens, 
the experimental results are representative since the 
variations suffered are similar in magnitude, and com- 
parable. The relatively large flow of the specimens at 
temperatures below the critical temperature amounting 
to +10° F. in these tests, may be said to be of minor 
importance by comparison. 

Creep Gaging.—The elongation of each specimen was 
registered on a dial gage of '/10,009 inch graduation which 
was actuated by a rigid metal arm which was strapped at 
the upper end at the fillet of each specimen. The larger 
section at the opposite ends of each specimen combined 
with the excessive mass of the connecting tension pro- 
duced localized strain in the 4-inch test section with the 
total elongation being registered on the creep dial. 

A motion picture camera was used to photograph the 
simultaneous dial readings at hourly intervals. The 
camera circuit includes a telechron motor which at the 
incidence of the minute and hour hands (Fig. 20) ener- 
gizes a relay, which in turn illuminates the dials and 
energizes the camera shutter motor. A sample record 
of several hourly dial readings is shown in Fig. 2a. From 
these the record of flow of each specimen is ascertained 
Failure of power supply or a lapse in photographic cycle 
due to lamp failure is accounted for by a magnetic counter 
in lamp circuit. 

Operation of Circuits —The functioning of each circuit 
can be grasped by consulting Fig. 2b, where the cycle of 
creep record is evident. As the push button is closed 
the temperature controller through its relay operates the 
main breaker coil to close the supply power to the gap 
wound furnace. When the temperature in the furnac« 
is below that desired, adjustment of tap switch on tle 
transformer supplies additional input. With a tem 
perature in excess of the controller setting, the main 
breaker coil is de-energized and the power is disconnected 
Contact is made or broken every twenty seconds in tliis 
circuit. 

Test Results —Short-time tests were made indepen 
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dently of the creep test apparatus with the usual tension 
testing equipment. These tests serve to indicate the def- 
ormations and strength during relatively short periods 
of time at elevated temperatures. The range of tempera- 
ture included room temperature to 1450° F. The results 
are shown in Fig. 7. 

The short-time tests were shown to be creep tests for 
short intervals of time in which strain-hardening pre- 
dominated with the resistance to loads of higher magni- 
tudes than at elevated temperatures, where softening pre- 
dominated with the attendant loss in strength. On this 
basis the data for short-time and long-time tensile tests 
have been included on the log plots of the test data. 

Creep Data.—For the long-time strength tests, the re- 
sults are plotted in Figs. 9 and 10. A log of the loading, 
unit elongation or flow for cold-drawn and welded speci- 


mens appears in Fig. 8 for temperatures 500 to 900° F. 
The results for stress-relief annealed specimens are given 
in Fig. 8. 

The plastic extension of the specimens under constant 
stress of 15,160 lb. per sq. in. in the stress-relief annealed 
condition is shown in the curves of Fig. 8. The data of 
these curves had the dial records as their source, and 
show a variable extension during the initial creep stage 
while the temperature of each run was being equalized. 
Accurate observations during these transition periods 
were made, particularly for the initial readings of the 
run at 500° F.; and from 500 to 700° F.; and from 700 
to 900° F. The variations in flow of specimens during 
this stage of the creep tests include elastic deformation 
and thermal expansion, which must be completed before 
secondary creep begins. The greatest change of flow for 
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the original specimen occurred in the interval 700 to 
900° F. with more than the usual extension. This varia- 
tion is shown to be peculiar to recrystallization of the 
original specimen in Fig. 4 in addition to the elastic and 
thermal expansion. 

For creep of original steel (0.10°% C) and welded speci- 
mens of the same steel exhibit properties of flow under 
steady load which are closely in agreement, when data for 
100 hours (Fig. 10) are projected to include the time 
which produces a flow of 1% This extension of data 
assumes the rate of flow (unit strain at elevated tem- 
perature) to remain proportional to that prevailing at 
room temperature. For example, the cold drawn in stress 
relieved condition flowed according to data in Fig. 8, 
and reached a steady flow rate of 0.042 inch/inch in 
100 hours. These interpretations are usual practice 
among creep investigators in the absence of very ex- 
tended tests. For relatively low stress these long-time 
creep tests indicate only slight variations in creep, for 
the stress of 15,160 Ib./sq. in. at temperatures 700° and 
900° F. 

At higher temperatures above S00” F. the creep char- 
acteristics of original steel in the stress-relieved condi- 
tion are less favorable than the welded steel. In fact, the 
low carbon steel shows a rate of flow at very low stresses, 
which would outlaw its use where creep was a criterion 
of design. 

At lower temperatures the data are based upon speci- 
mens which were loaded to produce excessive stresses. 
Consequently incipient flow was produced in a relatively 
short period of time which was of the order of 1 to 80 
hours. The plot of these data upon semi-logarithm paper 


Fig. 11 produces comparatively linear curves. It has been upon 
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this basis that the short-time test data have been in- 
cluded in the range of creep test data. 

The apparent cause of greater creep of the original 
specimen for temperatures of 900° F. was investigated. 
The curve in Fig. 14 was obtained by using the accepted 
relations between creep rate and the reciprocal of absolute 
temperature.* From these data it was evident that the 
temperature of 900° F. was in excess of the recrystal- 
lization temperature of the steel, but below the equi- 
cohesive temperature. Further evidence of recrystal- 
lization appeared in Fig. 4 of this steel after being sub 
jected to creep loading at 900° F. The original condition 
of this steel before undergoing creep tests is shown in 
Fig. 3. 

Photomicrographs taken for the welded steel are shown 
in Fig. 5 for the transition zone of the welded steel and in 
Fig. 6 for the are weld of this steel. These photomicro- 
graphs show no evidence of recrystallization which is 
further substantiated by the curve, Fig. 14, which in- 
dicates, that, for the range of temperature, the recrystal- 
lization range has not been reached for the welded steel. 
Under these conditions the arc-welded specimens demon- 
strate creep resistance superior to the original steel. 
From the performance of the arc-welded steel and the 
steel welded with oxyacetylene flame, which was re- 


*“The Problem of Temperature Coefficient of Tensile Creep Rate,”’ J. J 


ported previously,’ both types of the welded steel exhibit 
greater creep strength than the original, summarized jp 
Fig. 12. Partial explanation may reside in the columnar 
grain of the welded specimen which displays greater 
creep resistance than the fine-grained steel. 


SUMMARY 


The equipment for comparative creep studies of welded 
and original metal has produced sufficient evidence to 
show the performance of 0.10% C steel in the ranges of 
temperatures from 500 to 900° F. and tensile stress 
range of 5600 to 15,160 Ib. per square inch. 

For these specimens which were tested in the annealed 
condition a lower creep stress limit persists. The effect 
of annealing on this steel does not warrant its use as a 
means of improving its resistance to creep. 

The creep stress limit as criterion in design is low for 
this grade of steel. For high temperature service its use 
is not recommended either in the original or welded con- 
ditions. For temperatures below 500°, this steel develops 
sufficient creep-resistant properties either in the cold- 
drawn or welded condition. Under no condition has it 
been found advisable to exceed the recrystallization 
temperature for creep tests. 


t Report of Creep Tests for Gas Welded Steel, AMERICAN WELDING JOURNA 


Kanter, Reprint of paper before A. 1. M. E., October 1937 


WELDING AND THE UTILITIES* 


The utilities are interested in welding 
from three angles: 

1. The revenue derived from the sale 
of power for welding; 

2. The problem of providing satisfac- 
tory welding service at a reasonable cost 
without voltage disturbance to other cus- 
tomers; 

3. The use of welding as a fabricating 
method for structures and equipment 
used by the utilities themselves. 

In a paper presented before the AMERI- 
CAN WELDING Society in 1937, Colonel 
A. S. Douglass and L. W. Clark, of The 
Detroit Edison Company, estimated that 
the consumption of electric energy attrib- 
utable to all types of welding loads for the 
year 1936 in the territory served by their 
Company, was 63,000,000 kwh. There is 
every reason to believe that the annual 
consumption for subsequent years has 
been at least as great. Although the 
ratio of welder energy consumption to 
connected load is less than for many other 
types of load, the total use of energy by 
all types of welders combined is of sub- 
stantial magnitude. 

The problem of providing satisfactory 
welding service to the customer at a rea- 
sonable cost to both user and utility. 
without voltage disturbance to other 
customers is important in the case of 
high capacity resistance welders. It can 
best be solved by one familiar with the 
electrical characteristics of the welding 
machines and the job conditions under 
which the machines are to operate. The 
ability to assist the customer in obtaining 
a suitable layout at a minimum expense is 


* Prepared for Ways & Means Committee. 
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exceedingly effective in creating customer 
goodwill. 

The use of welding as a fabricating 
method for structures and equipment 
used by the utilities is progressing con- 
stantly. Practically all boiler drums are 
now fabricated by welding. There is a 
saving of nearly 25% in thickness of 
plates as compared to riveting. Caulk- 
ing, laps and butt straps are eliminated. 
Vessels of any wall thickness may be 
welded, thus permitting the use of more 
efficient pressures and temperatures. In 
power piping, welding is almost universally 
used for high pressure, high temperature 
service. Advantages are lower first cost 
and almost complete elimination of main- 
tenance costs. Aside from the apparent 
savings associated with the elimination of 
flanging operations and flange and bolt 
costs, there are measurable savings in 
thermal insulating costs. The decreased 
outage for maintenance of wélded pipe 
lines has contributed to some extent to a 
simplification of piping layouts resulting 
in a further reduction in plant investment. 

Practically all of the new cross-country 
pipe lines are being welded. Welding 
is used because it is safer, is leak tight, 
and assures economical construction and 
low maintenance and operating charges. 

One of the most fruitful fields for the 
extension of welding is in the erection of 
welded structures, where savings in weight 
in the fabrication of trusses and girders 
are particularly important. Changes and 
additions to buildings may be readily made 
by welding. 

The savings effected by the power in- 
dustry through its own use of welding un- 
doubtedly represents many millions of 
dollars annually. 
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14, 13-19, October 1935 


The purpose of the work of the Amrkt- 
CAN WELDING Society and of the Welding 
Research Committee is aimed primarily 
at increasing the knowledge of welding 
and bringing about a safe and economical 
extension of the applications of welding. 
Support of the work of these two organiza 
tions is the best means for producing thes 
desired results efficiently and economically 


SAFETY CONGRESS 


The National Safety Congress and Ex 
position—the world’s largest safety event 
—will be held in Chicago Oct. 7-11, 1940 

This will be the twenty-ninth Congress 
and the seventh to be held in Chicago 
Congresses were held here in 1914, 1927, 
1929, 1931, 1933 and 19388. The 1939 
Congress was held in Atlantic City, N. J 

The Congress is the annual convention 
of members of the National Safety Coun- 
cil. Each year it attracts approximately 
10,000 safety leaders from all parts of the 
country and from foreign countries 

The 1940 Congress program provides 
for 140 distinct sessions and 500 speakers 
Every phase of accident prevention—in- 
dustrial, traffic, home, school, farm, avia 
tion, railroad, marine—will be covered 
Manufacturers of safety products will have 
more than 125 exhibits. 

So great will be the size and scope of 
the Congress that it not only will utiliz 
the complete facilities of the Stevens 
Hotel—largest in the world—but will 
overflow into other hotels. 

The Institute of Traffic Engineers will 
hold its annual convention in conjunction 
with the Congress and its members will 
participate actively in the Congress pro 
gram. 
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THE VALUE OF THE FAYING FLANGE 


By WALTER A. RAMSHAW and 
RALPH D. BRADWAY 


ment was made: ‘“‘It is impossible... .to get the 

best performance out of a destroyer if we crowd 
in tons of extra weight which is only redundant material. 
Not all of the weight involved in making riveted joints 
should be considered redundant, however. It is per- 
fectly true, for example, that if all the faying flanges of 
the framing of a riveted ship are taken out and replaced 
by welded fillets, the ship is weakened. To restore it 
to its original strength, at least a part of the weight 
removed must be put back into the ship in some other 
shape. This was not at first understood, but has re- 
cently been more fully recognized.’ 

This statement awakened in the minds of the authors 
of this thesis the question, ““By how much is a joint 
weakened, if the substitution of a welded fillet for a 
faying flange is made?”’ 

Prior to the present tests, tests were made on speci- 
mens consisting of stiffeners intermittently welded to 
strips of plate and tested as simple beams. It was 
found that the stiffeners with faying flanges made 
much more efficient construction. It is true, however, 
that the effect of symmetry was not separated from the 
effect of the faying flange, since the stiffeners with faying 
flanges were symmetrical (I-beam), and those without 
were unsymmetrical (angles). Thus one could not 
say that the better strength of the section with the faying 
flange was solely due to this flange. 


A’ A recent welding conference the following state- 


* A Senior Thesis submitted in candidacy for the degree of Bachelor of 
Science at Webb Institute of Naval Architecture, April 29, 1939 Contri- 
bution to the Fundamental Research Division. “‘faying flange’ is a flange 
which makes contact with the plate. If the betes of the stiffening channel 
or I-beam is removed, and the web instead is fillet welded to the plate, there 
is no faying flange 


in Welded Construction’ 


Obviously, the problem has two phases, one if the 
main framing is transverse, the other if it is longitudinal. 
In view of the extreme complexity of the first case 
which would require elaborate tests on large areas of 
plating, equipped with several rows of stiffeners, and 
stressed in a direction at right angles to the stiffeners 
and in the plane of the plate, while the ends of the 
stiffeners were held with a certain degree of rigidity 
it was deemed impossible to investigate this phase. 

The second phase is simpler, since at the sides or on 
the decks of a ship, and far from the neutral axis, a 
strip of plating and its attendant stiffener might be 
said to act somewhat as a column under a compressive 


Fig. 1—Types of Specimens 
Channel without faying fanae 
Channel! with faying Range 
| beam without faying 


é beam with faying ange 3 
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CONSTRUCTION OF A TYPICAL SPECIMEN 
3%) 
12” a’ 
5’ —___— 2 


Fig. 2—Censtruction of Typical Specimen Channel Without Faying Flange 
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CHARACTERISTICS TEST RESUITS 

Wo.|  STIFFENER AREA | I r | | R | mario 

3% T | 477 5.17 846 6/2 | 59.92 | 1.04 | 57.6 | 131,840 | 27,600 | 30690 
2\|3°%*1F'*50" C | 446 4.42 657 | 6.73 | 59.86 .995| 60.2 | 116,620 | 26,150 | 30,480 | 
9|3°274/" Ff | 419 5.0) TH 6.85 | 59.92 | 1.09 | 55.0 | 107,510 | 25,650 | 30,880 | 
4\2$*3"*6/° T | 477 | 6293 943 735 | 59.90 | 1.20 | 49.9 | 133,410 | 28,000 | 31260 | 
2° «24 I | 464 §.32 693 762 | 5983 | 107 | 56.0 | 135,230 | 29,150 | 30,810 

6| «65" I | 488 5.77 752 7.68 | 5988 | 109 | 55/ | 15/880 | 31,150 | 30,880 
7|3°*3"*67" T | 495 7.68 | 4.0/8 7.54 | 59.90 124 | 48.3 | 130,000 | 26300 | 34380 

8| 4% 1625" C 4.62 9.23 928 9.95 | 59.89 198 | 43.4 | 143300 | 29800 | 31,750 

| Sei | 1.027 WAT 59.92 150 | 39.9 | 174800 | 33550 | 3200 

10|\4%3"« 58" T | 469 83 1/65 10.17 | 59.92 159 | 37.7 | 134900 | 28750 | 32/80 

W\ 5°*1£*67" C | 495 | 1557 | Le! 1340 | 59.88 177 | 33.8 | 144000 | 29100 | 32470 

l2 | 5°%*3" 82" £ 540 | 22/4 1655 13.38 | 59.88 202 | 296 | 16/800 | 29950 | 32780 

2°* 82" C | 539 | 26.00 1719 | $9.92 | 220 | 273 | 152000 | 28200 | 32,960 

4#16":35"98" fr | 587 | 3562 | 2135 16.70 | 5984 | 246 | 243 | 165300 | 28,200 | 33/80 


TABLE | 


load. Itis no doubt true that this greatly over-simplifies 
the problem, since shear, local loading and several other 
factors are omitted from consideration. Nevertheless, 
the results obtained from testing a series of columns, 
some with faying flanges and some without, will give 
some indication of the value of the faying flange. 

The specimens were made of mild structural steel. 
Figure 1 shows their general construction. The plate 
for each specimen was 5 ft. by 12 in. by '/, in. and the 
stiffener was welded to the plate along its longitudinal 
axis as shown in Fig. 2. The welding was in 3-inch 
increments, spaced 12 inches on centers, according to 
the rules of the American Bureau of Shipping. It was 
laid out as detailed in Fig. 2. 

The welding was done with covered rod, at the 27th 
Street Brooklyn Plant of the Shipbuilding Division of 
Bethlehem Steel Corporation, and represented good 
shipyard practice. Fourteen specimens were used. 
Table 1 gives their characteristics. 

In preparing each specimen for test, it was necessary 
to face off the ends to true plane surfaces, perpendicular 
to the longitudinal axis of the specimen. The method 
used was to grind the ends roughly with a power grinder, 
and to finish them off with hand filing. A test block 
was used to insure ends that were true planes, and a 
steel square to locate them in a plane perpendicular to 
the longitudinal axis. 

The specimens were tested in a 200,000-pound machine 
at the Engineering Laboratory of Columbia University. 
Fixed bearing plates were used at both ends because 
it was believed that fixed plates provide the closest 
approximation to actual end conditions found in practice. 
The bearing plates were about 18 inches x 18 inches x 3 

nches, machined to give true, parallel faces. 

The specimen to be tested was placed in position on 
the lower bearing plate, and the upper plate was placed 
on it. The head was then brought down to make con- 
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tact with this plate. When contact was not simul- 
taneous between the entire upper face of the upper 
bearing plate and the head, the wedge-shaped space 
between them was carefully shimmed. In no case, 


Fig. 3—Appearance of Specimens with Faying Flange After Test 
Fig. 4—Close-Up View of Specimen 6 with Faying Flange After Test 
Note that the stiffener itself is bent. The bar standing next to the specimen is 4 stre\a" 


piece of 1 inch x 1 inch stock, held tangent to the lower end of the flange of the sti 

The separation between the upper end of the bar and the upper end of the spe 

depicts clearly that the final failure occurred only after the stiffener began to bend 
Fig. 5—Appearance of Specimens Without Faying Flange After Test 


Fig. 6—Close-Up View of Specimen 14 Without Faying Flange After Test 


JANUARY 


4 
3 
3 
| 
¥ 
| 
| a 
Ww 
re 
re 
a 3 4 
é 
« 4 
if 
“4 4 I 
‘ 
5 ‘ 
‘ 
pe 
By 


Test 


Test 


| | ++ 
$33 


- 


Fig. 7—Comparison of Calculated Results with Experimental Results 


was a wedge thicker than '/j. inch at the point of widest 
opening. 

The load was applied at the rate of 0.04 inch per 
minute. The ultimate strength of each specimen was 
recorded. No strain measurements were taken. The 
results of the tests are summarized in Table 1. 

In general, the plate first began to buckle at a point 
somewhere between two increments of welding. How- 
ever, the specimen continued to develop more strength 
until finally the stiffener itself buckled or twisted. 

The general appearance of the specimens with faying 
flange after test is shown in Figs. 3 and 4. Figures 5 and 
6} show the appearance of the specimens without faying 
flange after test. The mode of failure was the same for 
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all. The photographs show that the plate deformed 
considerably before the specimen failed. 

The experimental results were evaluated by plotting 
P/A (P = load, A = sectional area) for two conditions 
(1) specimens with faying flanges, and (2) specimens 
without, on the three bases of sectional area, //y and 
l/r. The values of P/A yielded by the formula P/A = 
35000 — 75 1/r (from Mechanical Engineers’ Handbook 
by R. T. Kent) also were plotted. Both sets of curves 
are shown in Fig. 7. Table 2 summarizes the results. 


Table 2—Comparison of Calculated Strength with Experi- 
mental Results 


Percent of Formula P/A 
Actually Developed, from 
Curves Based on 
Sectional 


Area, A I/y l/r 
Specimens with faying flanges 4 95.5 O4 
Specimens without faying flanges 88 88.5 87.5 


It is apparent that the type of construction which em- 
ploys a faying flange is superior, if only slightly, to 
constructions without faying flange. Quantitatively, 
we may look, in construction of this general size and 
type, for about 6.5 per cent increase in strength due to 
the presence of a faying flange. 
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die-casting of iron and other high melting 
complete physical metals 


testing equipment, such as compression, 


tensile, torsion, impact, hardness and 
bending equipment; 
graphic and heat-treating laboratories; A special course in the Principles of 
and a refractory laboratory for the study 
of furnace linings and heat transmission 
Mr. Vagtborg added that the Foundation 
is already engaged in metallurgical re- 
search projects for a number of Chicago 
metropolitan area industries. These, he 
revealed, include research projects in re 
fractories, crystalline structures and 
changes, strain corrosion, abrasion, heat 
treatment, seizure and galling. George T. Horton, provides an unusual 

The foundry is to be used primarily in 
connection with the activities made possi- field. The course has been made an in 
ble by the Wetherill Research Fund, re- 
cently established by Colonel S. P. Weth- 
erill of Philadelphia. 
cifically established for the purpose of ad- 
vancing the method of counter-gravity 


The Research Foundation of Armour 
Institute of Technology today announced 
that the laying of the foundation for their 
experimental foundry to be located at 34th 
and Federal Streets, is completed, and 
that construction of the new building is 
now well under way. 

The construction of the foundry will 
mark the realization of a further step in a 
Planned program for the developing of 
complete facilities for fundamental and 
applied research in the fields of iron and 
steel production, it was revealed by Harold 
Vagtborg, director of the Research Foun 
dation. It will have complete research 
and testing facilities in the field of iron and 
steel production and will provide a large- 
scale pilot plant which should prove in- 
valuable to the iron and steel and allied 


WELDING COURSE 


complete metallo 


Welding at the Rensselaer Polytechnic In- 
stitute, for engineers from industrial 
plants, will begin February 5, 1940. The 
necessity of limiting enrollment makes an 
early application advisable. Very favor 
able comment was received from men who 
took this course last year 

The welding laboratory at the Rens 
selaer Polytechnic Institute, gift of Mr 


opportunity for advanced study in this 


tensive one. It covers the basic principles 
of welding with associated laboratory ex- 
perience within a period of four weeks. An 
additional two weeks of experimental work 
is optional. 


The Fund was spe 
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Titanium and Miscellaneous Elements 
on the Welding of Steel 
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This report is prepared under the auspices of 
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Summary 
THE EFFECT OF HYDROGEN ON THE WELDING OF 
STEEL 


Hydrogen Content of Welds 


Up to 0.005 wt. % hydrogen has been found in oxy- 
acetylene, atomic hydrogen, and arc welds in mild steel. 


Cracks 


Increase in hydrogen content of Cr-Mo steels from 
0.0001 to 0.0005 wt. % had no detectable effect on crack 
ing in oxyacetylene welding. 

The reducing and deoxidizing action of hydrogen has 
been found to affect the grain size of the weld metal 
and its reaction in the McQuaid-Ehn test. Good welds 
made with covered electrodes in mild steel */s to */, inch 
thick were of the deep hardening type in McQuaid-Fhn 
tests if the welding atmosphere contained 10 to 90% Hz, 
remainder No, but were likely to be of the shallow hard 
ening type, if the hydrogen content was below 8%. Bare 
electrode and oxyacetylene (reducing or oxidizing flame, 
neutral flame was not tested) welds were of the shallow 
hardening type. 


THE EFFECT OF ARSENIC ON THE WELDING OF STEEL 


Oxyacetylene and Arc Welding 


Tensile properties, notch impact value and sensitivity 
to cracking are not affected by 0.24 As, but with 1.24 As 
steel may be particularly sensitive to welding cracks 


Resistance Welding 


In resistance butt welds in five steels containing 
0.066-0.10 C, 0.00 Si, 0.47-0.59 Mn with 0.036-0.64 As, 
no effect could be ascribed to arsenic. 


THE EFFECT OF TITANIUM ON THE WELDING OF STEEL 


Titanium is used as a deoxidizer in steel refining and 
as an alloying element to form stable carbides and t 
prevent hardening of the heat-affected zone in are weld 
ing. Titanium has been used successfully to prevent pick 
up of nitrogen and oxygen by weld metal. 


* Secretary, Welding Research Committee 
+ Research Assistant, Welding Research Committee. 
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THE EFFECT OF MISCELLANEOUS ELEMENTS ON THE 
WELDING OF STEEL 


Tin 


Tin is generally undesirable in welding of steel on ac- 
count of brittle tin-iron alloy. 


Zirconium 


A promising agent for welding fluxes to combine with 
the slag, nitrogen, oxygen and sulphur. 


Antimony 


Antimony is of possible significance in accelerating the 
deposition of an electrode. 


Zinc 
Zine is generally undesirable in welding. 
Cobalt 


Cobalt steel with up to 35% Co can be atomic hydrogen 
welded. Resistance welding is difficult if the cobalt 
content is 6%. 


THE EFFECT OF HYDROGEN ON THE WELDING OF 
STEEL 


Introduction 


UR steels and weld metals contain minute quan- 

tities of hydrogen whose effects, the present re- 

view shows, have not been determined. Hydro 
gen may have a refining action on liquid weld metal, and 
it may cause cracks in some welds. The review does 
not deal with the combustion of hydrogen in welding 
fuels, with the atomic hydrogen or oxy-hydrogen welding 
processes, except incidentally, nor with hydrogen as a 
constituent in some electrode coatings. 

Hydrogen dissolved in solid steel is in the atomic state. 
The gas is dissolved only after first being adsorbed and 
dissociated on the surface of the steel. The solubility 
of hydrogen at atmospheric pressure in molten iron at 
1600° C. is 0.0025 wt. %. Although measurements 
have not been made above about 1650° C., it may be 
anticipated that the solubility increases with increase of 
temperature. Solid iron at the melting point can dis- 
solve only 0.001 wt. % hydrogen. The solubility de- 
creases one thousand-fold from 800° C. (1500° F.) to 
room temperature. Therefore, steel at room tempera- 


ture may easily be supersaturated with hydrogen. The 
hydrogen absorbed by steel during some pickling and 
some electrolytic processes may give rise to blisters and 
low ductility. Hydrogen absorbed by molten steel 
may not have opportunity to diffuse from the steel 
The pressure exerted by the trapped hydrogen, which is 
said to gather at inclusions and grain boundaries, may 
cause internal ruptures called flakes. Hydrogen decar- 
burizes cementite and austenite at elevated temperature 
under suitable conditions, but some carbides in alloy 
steels are not decarburized by hydrogen. 


Hydrogen Content of Welds 


Up to 0.005 wt. % hydrogen has been found in oxy- 
acetylene, atomic hydrogen and arc welds in mild steel, 
Table 1. Probably these molten weld metals were 
nearly saturated with hydrogen. Holland® reported that 
the usual composition of gas in are welds (no details) 
made in air was 50-60 % Ho, 33-37% CO, 2-6% COs, up 
to 8% No, up to 5% CHy. To minimize hydrogen ab 
sorption by atomic hydrogen weld metal Alexander’ pre 
vented the weld metal from attaining too high a tem 
perature by maintaining only a shallow puddle. The 
same precaution was taken in welding in alcohol vapor. 
Cracks 

An elaborate hypothesis was evolved by Bardenheuer 
and Bottenberg® to account for oxyacetylene welding 
cracks in Cr-Mo aircraft sheet in which the pressure 
created in the interior of the metal by hydrogen “‘pre 
cipitated” from solution ruptured the steel. The hy- 
drogen was picked up from the oxyacetylene flame. 
The welds sensitive to cracking had only about 2.1 
cm* Hy, per 100 gm. steel (0.0002 wt. % Ho, evolved at 
400° C.) whereas the insensitive welds contained 1.5 
cm* H, per 100 gm. steel. The difference in hydrogen 
content is hardly large enough to be convincing, espe 
cially in view of differences among the steels in other 
respects. The hypothesis is discussed at length in the 
review of literature on Welding Chromium Steels 
(THE WELDING JOURNAL, 17 (7) Suppl., 28-29, July 
1938). 

Bollenrath and Cornelius* found that atomic hydrogen 
welds in Cr-Mo aircraft steels were less sensitive to 
cracking than oxyacetylene welds, although the former 
might be expected to have the larger hydrogen content. 
Increase in hydrogen content of Cr-Mo steels from 
0.0001 to 0.0005 wt. % had no detectable effect on crack 
ing® in oxyacetylene welding. In Stieler’s'’ tests the 


Table 1—Hydrogen Content of Welds 


Weld 
Are weld with bare pure iron electrode in air 
Are weld with bare pure iron electrode in argon 
Are weld in steel in air 


Deposit from shielded are electrode; deposit contained 0.08 C, 0.55 Mn, 0.23 Si, ( 


0.07-0.08 O, 


Deposit from bare electrode; deposit contained 0.02 C, 0.09 Mn, 0.01 Si, 0.30 Ox», 


0.17-0.19 N; 
Bare electrode deposit in air (0.02 C, 0.8 Os, 0.14 N») 
Covered electrode deposit in air (vacuum fusion method) 


Hydrogen Content, 


Weight, % Investigator 
0.008 Doan and Schulte 
0. 0002-0). OOOS Doan and Schult 
0.005 Doan and Schulte 
0014 Scheil and Motok 
). OOO1—0. 0011 Scheil and Motok 


0.003 Hensel and Larsen 
001 —0.003 Hensel and Larsen 


Weld metal deposited by bare electrode; deposit contained 0.03 C, 0.02 Si, 0.20 Mn, 


0.140 Ny, 0.210 O.. (Hydrogen determined by hot vacuum extraction) 0.0002 Zeyen"* 
Weld metal deposited by five covered electrodes; deposits were plain carbon or 0.0003-0.0018 Zeyen"* 
low-alloy steel; composition of coatings not stated 
Atomic hydrogen weld metal (0.033 C, 0.15 Mn, 0.01 Si, 0.26 W, 0.008 S, 0.005 P, 0.005 Zeyen** 
0.053 Oz, 0.017-0.037 
Oxyacetylene weld metal (mild steel) 0.005 Ziegler‘ 
Oxyacetylene welds in Cr-Mo aircraft steel (hydrogen evolved at 400° C.) 0. 0002 Bardenheuer and Bottenberg' 
Oxyacetylene weld metal deposited by four plain carbon and low-alloy steel rods 0. 0003-0. 0006 Zeyen** 
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hydrogen content of the core rod of five covered elec- 
trodes (0.10-0.14 C) varied from 0.0004 to 0.0011% 
(hot vacuum extraction) and had no apparent con- 
nection with sensitivity of the weld metal to cracking. 

The probable action of hydrogen during welding has 
been outlined by C. Zapffe (private communication, 
April 1939) in the following terms. Hot weld metal has 
a high solubility for hydrogen whereas the cool adjacent 
steel has a low solubility. Hence, a steep concentration 
gradient exists close to the weld, hydrogen being ab- 
sorbed by the hot weld metal. The gradient forces the 
atoms of hydrogen to diffuse into the cold steel, regard- 
less of the saturation limit. In the resulting condition 
of supersaturation the atoms of hydrogen are forced out 
of the iron lattice at every discontinuity that appears in 
the path of diffusion. Recombination of the hydrogen 
ejected from solution to molecular hydrogen has been 
shown to be immediate. Molecular hydrogen is in- 
soluble and builds up pressures that may exceed the 
tensile strength. 

Swinden' observed that frequent remelting of scrap 
yields inferior fusion welding steel, “‘which may likely be 
a question of hydrogen content.’ Swinden stated that 
the hydrogen content of silicon-killed and particularly 
aluminum-killed steels is greater than that of steels not 
so killed. 

The intergranular penetration of bronze-welding 
metal into steel was found by Ploum"™ to occur only 
after the steel had absorbed hydrogen in pickling. It 
was immaterial whether or not the hydrogen had been 
removed from the steel by annealing after pickling. 
Apparently hydrogen permanently affected the grain 
boundaries in some unexplained manner, and its evolu- 
tion may have caused the tensile stress required for pene- 
tration. 


General Observations 


Foaming" and spatter have been attributed to hydro- 
gen on various occasions. For example, Fuchs'* and 
Green’ believed that if the electrode absorbs hydrogen 
in pickling there will be increased spatter. Green 
thought that hydrogen decreased the stability of the arc, 
yet increased the deposit efficiency. Hydrogen ab- 
sorbed during pickling was said by Saxton'*® to produce 
acid brittleness and intergranular corrosion in the weld- 
ing rod (not the weld). 

The reducing and deoxidizing action of hydrogen has 
been found to affect the grain size and normality of the 
weld metal. Good welds made with covered electrodes 
in mild steel */s to */, inch thick were normal in Mc- 
Quaid-Ehn tests made by Zieler” if the welding atmos- 
phere contained 10 to 90% He, remainder No, but were 
likely to be abnormal if the hydrogen content was below 
8%. Bare electrode and oxyacetylene (reducing or 
oxidizing flame) welds were abnormal. According to 
Clark,'* the hydrogen in atomic hydrogen welding pre- 
vents the formation of oxides that obstruct grain growth 
in are welds. Consequently, pinhole diffraction pat- 
terns of atomic hydrogen welds in mild steel exhibited 
larger grain size and less internal stress than arc welds. 
Although Keel” believed that it was atomic hydrogen 
and CO rather than oxygen that accounts for the loss of 
carbon, silicon and manganese in oxyacetylene welding, 
he adduced no experimental evidence. Of a number of 
low-carbon iron electrodes tested by Okada,” electrolytic 
iron deposited metal of the lowest electric resistivity, 
although the hydrogen content was maximum. 

Practically nothing is known about the effect of water 
vapor in weld metal. Streb*! believed that the most 
important cause of spatter in oxyacetylene welding was 


water vapor, which was thought to be insoluble in weld 
metal. Tests made by Jooss,* Table 2, showed that up 


Table 2—Effect of Water Vapor on Oxyacetylene Welding. 


Jooss”? 
% Water vapor in 
acetylene 0.0 2.4 9.4 22.4 Rk 
Tensile strength, lb. /- 
in.? 44,300 41,800 43,700 40,500 35,900 


Bend angle, degrees 130-180 130-180 180 180 170-18 


to 7% water vapor in acetylene has no effect on the 
quality of the weld or on the welding process. Base 
metal was mild steel 0.24 inch thick. The welds wer 
60° V, 6 inches long. A neutral flame was used and the 
rod, 0.16 inch diameter, contained 0.09 C. All fractures 
occurred in the weld. There was good penetration in all 
welds, but excessive water vapor increased the time of 
welding and led to excessive grain growth in the heat- 
affected zone. Pothmann”® used available information 
on FeO-H, equilibria up to 1500° C. to explain the 
effect of the oxy-hydrogen flame on iron but achieved no 
results. 


THE EFFECT OF ARSENIC ON THE WELDING OF STEEL 


Introduction 


Arsenic, frequently blamed for mysterious irregularities 
in steel, sometimes is found as an impurity in steel. Be- 
cause arsenic is not removed during customary steel 
refining, it is said** to be gradually accumulating in 
scrap. Arsenic raises the temperature of the austenite 
transformation, and above 0.2% reduces the depth of 
hardening of plain carbon tool steel. The toughness of 
quenched and tempered medium carbon steels is reduced 
considerably by arsenic. 

Before 1900, as pointed out by Kérber and Haupt** in 
their review of the effects of arsenic on welding, two or 
three investigators were successful in forge welding mild 
steel containing up to 1.4 As, but the welds were not 
strong. Later investigators rather confirm the older 
experience in forge welding, but do not suggest that ar- 
senic up to 0.2% or so has any effect on the welding o! 
mild and low-alloy steel. 


Oxyacetylene Welding 
The tensile properties and DVMR notch impact value 


of oxyacetylene welds in Bessemer steel sheets, Table 5, 
0.04 inch thick, according to Houdremont, Bennek and 
Neumeister,” are not affected by 0.24 As. The sheets 
were welded in the as-rolled condition and the results 
are averages of two specimens each. The filler rod was 
not described. The steels contained an addition of 110 
Ib. (0.35%) arsenic in steel boxes to 24 tons of pig iron 
in the converter. The recovery of arsenic was high 
The heats were not killed and were cast in ingots 20 
inches diameter. Arsenic segregated to about the sam 
extent as phosphorus and had no effect on ingot struc 
ture. In unkilled steel it was found that local segrega 
tions of arsenic about twice the average content may be 
expected. There were no difficulties in rolling. Bas 
metal and welded joints withstood 180° bend (no details 
without cracking. 

The Bessemer steel sheets 0.04 inch thick containing 
0.24 As, Table 4, could not be called sensitive to oxyacet 
ylene welding cracks. With 0.55 As in aircraft stec!, 
Table 5, there was no marked cracking in oxyacetylem 
sensitivity tests; but with 1.24 As the steel is particular!y 
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Table 3—Effect of Arsenic of the Mechanical Properties of Unheat Treated Arc and Oxyacetylene Welds in Bessemer 
Steel Plates. Houdremont, Bennek and Neumeister” 


Notch 
Plate Loca Impact 
Thick- Yield rensile Elonga tion of Value, 
Composition of Steel ness, Strength, Strength tion, Frac Mkg 
Cc Mn Pp As Inch Type of Weld Lb. /In.? Lb. /In.? ture Cm.? 
06 0.40 0.055 0.036 0.24 0.04 Unweldedt 58,300-75,400 69,800-90,300 10-13 
Oxyacetylene 55,500 72,500 5° Weld 
0 O8 0.41 0.065 0.030 0.02 0.04 Unwelded tf 58,300-68,300 68,500-—-80,000 9-17 
Oxyacetylene 52,600 68,300 Weld 
06 0.40 0.055 0.036 0.24 0.47 Unwelded t 41,300-45,500 59,200-63,300 28-35 
Are 44,100 64,000 237 Plate 12.4 
) Of 0.41 0.065 0.030 0.02 0.47 Unwelded tf 38,400-45,500 56,800—-64,500 99-35 
Are $4,100 58,300 18t Plate 12.7 
Arc 38,400 56, OF ”) Weld 11.5 
* In 10 diam. 
+t In 5 diam 
t As rolled. 
Notch impact specimen = 10 X 10 XK 55 mm., notch 3 mm. deep, 2 mm. diameter; notch parallel to weld and in weld metal; tempera- 


ture about +20° C 


sensitive to welding cracks. The steels were made in a 
laboratory high-frequency induction furnace (55 Ib.), me- 
tallic arsenic being added in steel boxes. 

In a series of oxyacetylene V butt welds made by 
Sirovich*® with rods containing 0.02 C, low Mn and 
Si, 0.05 P, 0.01 S, 0.008 As in plates '/2 inch containing 
0.09 C, 0.4 Mn, trace Si, 0.047 S, 0.013 P, 0.1 Cu, up 
to 0.058 As, no effects that could be attributed to arsenic 
could be detected in the results of tensile, bend and 
notch impact tests and metallographic examination. A 
German firm” believed that the arsenic content of oxy- 
acetylene welding rods for mild steel should be as small 
as possible. 


Oxy-hydrogen Welding 


Butt welds made by Liedgens® in 1922 with charcoal 
iron rods in mild steel plates 0.20 inch thick with the 
aid of an oxy-hydrogen torch showed, Table 6, that up 
to 1% As had no effect on strength. There was no 
difficulty in making the welds 


Arc Welding 


Are welds (no details) in Bessemer steel 0.47 inch 
thick containing 0.24 As had as good tensile, bend and 
notch impact properties, Table 3, as arc welds in similar 
steel without arsenic, in tests made by Houdremont, 
Bennek and Neumeister.*® Sirovich * and Ludogovsky” 
were satisfied with arc welds (no details) made with 
low-carbon steel electrodes in mild steel containing 
0.058 and 0.15 As, respectively. British Standard 


Specification 640 (1935) recommends that not over 
0.06 As be present in bare electrodes for metal are weld 
ing wrought iron and steel. 


Resistance Welding 


In resistance butt welds in five steels containing 0.066 
0.10 C, 0.00 Si, 0.47-0.59 Mn with 0.036-0.64 As, Tafel 
and Heil®*® could detect no effect that could be ascribed 
to arsenic (no details). Burgess and Aston*! produced 
resistance butt welds in pure iron containing up to 4% As. 
Overlap seam welds (3 volts AC) in sheets 0.02 inch 
thick containing 0.08 C, 0.4 Mn, 0.18 Cu had good duc 
tility in Liedgen’s* tests if the arsenic content was not 
above 2.6%. Small holes were found in seam welds in 
steel containing 1.62 As, and seam welds with over 2.6 As 
were brittle. Flash welded Bessemer steel bars con 
taining 0.24 As had satisfactory tensile and bend prop 
erties in tests made by Houdremont, Bennek and Neu 
meister,” Table 7. 


Forge Welding 


Arsenic appears to make forge welding difficult and 
spoils the properties of the welds. Reviewing early 
literature, Ledebur** concluded that arsenic seriously im 
pairs forge weldability, although conflicting statements 
had been made. In 1912 Liedgens** could not forge 
weld steel with over 0.27 As (0.08 C, 0.4 Mn, 0.02 P, 
0.05 S, 0.05 Si, 0.18 Cu). Steel with 0.27 As was ex 
traordinarily difficult to forge weld. Hahn** (1925) 
endeavored to forge weld a series of steels containing 


Table 4—Effect of Arsenic on the Sensitivity of Bessemer Steel Sheets to Oxyacetylene Welding Cracks. Houdremont, 
Bennek and Neumeister” 


Composition of Steel Location of 


Cc Mn P S As Sheet in Ingot 
0.06 0.40 0.055 0.036 0.24 Top 
0.06 0.40 0.055 0.036 0.24 Bottom 
0.08 0.41 0.065 0.030 0.02 Top 
0.08 0.41 0.065 0.030 0.02 Bottom 


Kind of Test 


1 9 2 4 5 6 7 


3 
Length of Cracks, Inch % of Cracks* 

0.29 0.19 0 0 0.21 0 2] 0 

0.34 0.22 0,22 0.27 

0.0 0.012 0 ) 0.12 0.12 {) 

0.08 0) 0) 0. 0. 


Test 1—Torch passed in a straight line from edge to center of a square sheet to bring surface to fusion. No filler rod added 


Test 2—Same as 1 but filler rod added. 


lest 3—Torch passed from corner of a square sheet to center and out again to the middle of the edge to bring surface to fusion Re 
a 


peated at all four corners of the sheet. No filler rod added 
Test 4—Same as 3 but filler rod added 


lest 5—Two rectangular sheets laid on top of one another in the shape of a cross, and fillet welded together along intersecting edges 
rest 6—Same as 5 but ends bent 90° along welds 
lest 7—Two rigidly clamped sheets butt welded 


Percentage of length of weld occupied by cracks 
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Table 5—Effect of Arsenic on the Sensitivity of Unheat Treated Chromium-Molybdenum Aircraft Steel 
Welding Cracks. Houdremont, Bennek and Neumeister” 


Sheets 0.04 Inch Thick 
Kind of Test (see Table 4) 
7 4 5 


1 2 3 6§ 7 
Composition of Steel & of 
= Si Mn P S$ Cr Mo As Length of Cracks, Inch Cracks 
0.25 0.22 0.41 0.020 0.014 1.08 0.17 0.02 2 0.32 0 0 0.51 By 
0.25 0.22 0.41 0.019 0.015 1.08 0.17 0.15 2 0.51 0 0 0.39 0.71 
0.26 0.23 0.40 0.020 0.016 1.07 0.17 0.24 2 0.51 0.04 0 0.59 1.0 9 
0.25 0.25 0.48 0.015 0.016 1.00 0.22 0.55 0.36 0.51 0.08 0.16 1.4 2.5 l 
0.25 0.23 0.45 0.018 0.015 1.02 0.21 1.24 2 2 1.3 8.5 2.8 4.9 47 
Especially high-grade arc furnace Cr-Mo steel free from arsenic 0.28 0.16 0 0 0.04 0.04 0) 
Customary open-hearth Cr-Mo steel free from arsenic 2 0.67 0 0.39 L ( 


Table 6—Tensile Strength of Oxy-Hydrogen Welds in Mild 
Steel Containing Arsenic. Liedgens™ 


Arsenic Content, %* Tensile Strength, Lb./In.? 


0.123 46,000 
0.277 48,700 
0.405 50,700 
0.55 49,200 
0.69 46,000 
0.88 50,000 
49,500 
1.43 44,200 
1.62 42,100 
1.94 39,800 
2.24 34,500 
2.53 22,200 
2.84 23,600 
3.18 22,500 
3.28 15,900 
3.52 5,500 


* Arsenic was added progressively to a steel containing 0.08 C, 
0.4 Mn, 0.02 P, 0.05 S, 0.05 Si, 0.18 Cu. 


0.05—0.66 As with 0.1 C, 0.04 P, 0.04 S, trace Si, 0.15 Cu. 
Forged bars */, inch diameter were used. It was im- 
possible to forge weld bars containing over 0.10 As. The 
surfaces to be welded slid over each other without weld- 
ing. 

A special flux permitted Cameron and Waterhouse** 
to forge weld the steels in Table 8, whereas forge welding 
was impossible with borax as flux. The bars were | 
inch square and were cooled in air after welding. The 
welds had the same tensile strength as unwelded base 
metal. On the other hand, Houdremont, Bennek and 
Neumeister®® found that forge welded Bessemer steel 
containing 0.24 As was seriously lacking in ductility, 
Table 7, whether or not borax was used and whether or 
not the welds were normalized. The welds were sound 
externally, but must have contained internal imperfec 
tions of some sort. 


0.63 


THE EFFECT OF TITANIUM ON THE WELDING OF STEEL 


Titanium is used as a deoxidizer in steel refining and 
to a smaller extent as an alloying element to form stable 
carbides (see reviews of literature on Welding Chromium 
Steels (THE WELDING JOURNAL, 17 (7) Suppl. (1938)) and 
Welding Chromium and Chromium-Nickel Corrosion 
and Heat Resisting Steels THE WELDING JOURNAL, 18 (3 
Suppl., 65-107 (1939)). It is soluble in alpha iron 
up to 6% and forms at least one compound with iron 
The gamma phase is not present in iron containing over 
1% Ti. 

Since titanium forms a stable carbide, plain carbon 
steels containing titanium will not harden on quenching 
to so great an extent as steels without titanium. For 
this reason Swinden and Reeve*’ added 0.37 Ti to a 
steel '/, inch thick containing 0.15 C, 1.44 Mn, 0.16 Si, 
0.20 Cu to prevent hardening in the heat-affected zon 
as aresult of arc welding. Butt welds (60° V) made with 
a covered electrode had a tensile strength of 83,600 
Ib./in.*, fracture occurring in base metal. Normalized 
base metal had a tensile strength of 85,000 Ib./in.? Ina 
bend test with plunger '/>-inch radius the elongation was 
19 to 54% in '/s inch with root of weld in compression, 
and 25% in '/2 inch with root of weld (1 seal bead) in 
tension. Izod specimens from the edge of the weld 
absorbed 71.5 ft.-Ib. The hardness of the heat-affected 
zone was not stated. 

Titanium has been used successfully to prevent pick 
up of nitrogen and oxygen by weld metal. Booer® ob 
served the deoxidizing action of titanium in the fusion 
welding of steel and pointed out that TiO, is readily 
soluble in welding slags. Without citing tests, Tewes” 
claimed that titanium as an alloying element in hard 
facing electrodes prevented blow-holes and pick-up oi 
oxygen and nitrogen. It has been stated®* that titanium 
prevented the formation of iron nitrides in mild steel 
welds and added to their strength. Comstock* found 


Table 7—Mechanical Properties of Forge Welded and Flash Welded Joints in Bessemer Steel Containing 0.06 C, 0.40 Mn, 
0.055 P, 0.036 S, 0.24 As. Houdremont, Bennek and Neumeister” 


Number Yield Tensile Elonga- Reduction Bend 
of Speci- Strength, Strength, tion, % of Area, Angle, 
Type of Weld Heat Treatment mens Lb./In.? Lb./In.? in 10d % Degrees 
Unwelded As-forged 3 37,000 62,600 30 62 180 
Unwelded Normalized 3 44,100 65,400 30 65 180 
Forge Welded! As welded 3 37,000 46,900 4 4 34 
Forge Welded! Normalized 5 44,100* 21,000—55,500 5 5 “ne 
Forge Welded? Normalized 6 37,000* 54,100 7 13 68 
Flash Welded® As welded 7 38,400 62,600 24 63 180 
Flash Welded® Normalized 7 44,100 66,900 27 63 180 
' Bars 1.18 inches diameter; no flux. 
? Bars 2.36 inches diameter; borax flux. 
Dimensions not stated. 
* Cracked with very little indication of yield 
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Table 8—Medium-Carbon Steels Containing Arsenic Forge Welded with Special Flux. Cameron and Waterhouse®’ 


Composition of Steel 
; > 


Rs Mn Si I S As 


Tensile Strength, 


Specimen Lb. /In.? 
0.49 0.54 0.20 0.010 0.032 0.18 Unwelded, annealed at 800° C. 84,200 
0.49 0.5 0.20 0.010 0.032 0.18 Forge welded, not heat treated 82,500 
0.50 0.54 0.20 0.012 0.034 0.22 Unwelded, annealed at 800° C 88,500 
0.50 0.54 0.20 0.012 0.034 0.22 90,600 


a few small pink crystals of titanium cyanonitride in a 
deposit on mild steel made with a mild steel electrode 
covered with a slip containing sodium silicate and pow- 
dered ferrotitanium. There were no iron oxides or iron 
nitrides in the deposit. On the other hand, Morrow‘! 
detected no titanium nitride crystals in a deposit made by 
an electrode covered with a mixture of waterglass and 
carbon-free ferrotitanium. The rods were */\, inch 
diameter and were deposited at 200 amp. The flux 
tended to melt before the rod. 

Notwithstanding the beneficial effects of titanium 
that have been found, British Standard Specification 
(40-1935 recommends that not over 0.05 Ti be present 
in bare electrodes for welding steel. Schuster*® stated 
that grain growth and other bad effects may be en- 
countered if titanium is not used cautiously in electrodes. 
He showed that TiO, in the coating cannot be expected 
to prevent nitrogen pick-up in are welding. The loss of 
titanium during welding is so great, Holmberg**® found, 
that it cannot be used without difficulty as an alloying 
element for weld metal, yet it exerts a beneficial influence 
on are characteristics and porosity. In McQuaid-Ehn 
tests made by Harder** on deposits from an electrode 
containing titanium (no details) the case was not hyper 
eutectoid. 


THE EFFECT OF MISCELLANEOUS ELEMENTS ON THE 
WELDING OF STEEL 


In addition to the elements that were made the sub- 
ject of separate reviews, there are a number of elements 
whose effect on the welding of steel has been studied by 
an isolated investigator or so. These elements of minor 
importance are the subject of the following sections. 

Tin 

Tin is an undesirable element in steel, although it is 
commonly used as a coating (see review of literature on 
Welding Coated Steel The WELDING JouRNAL, 18 (2) 
Suppl., 40 (1939)). Up to 5-10% tin is soluble in alpha 
iron. Three compounds are formed, Fe.Sn, FeSn and 
FeSne. About 2% Sn is sufficient to eliminate the gamma 
phase in pure iron-tin alloys. 

British Standard Specification 640-1935 recommends 
that not over 0.04% Sn be present in bare electrodes for 
iron and steel. A German firm” stated that the tin con- 
tent of oxyacetylene welding rods for mild steel should 
be as low as possible. A brittle tin-iron alloy together 
with martensitic structure was observed by Johnson® in 
the vicinity of a soldered joint in mild steel that had been 
welded. Consequently, Johnson made it a rule never 
to weld brazed or soldered joints. A brittle tin-iron 
alloy was also mentioned by a writer® who cautioned 
against coating welding rods with tin. Burgess and 
Aston*! were successful in resistance butt welding iron 
containing up to 10% Sn, or 1 Sn, 2 Al, or 3 Sn, 0.2 Pb. 
They were unable to forge weld iron containing over 3% 
sn. Ledebur,*? reviewing early investigations, concluded 
that tin decreased forge weldability. 


. 22 Forge welded, not heat treated 


Argon 


Regardless of current, voltage and other variables, 
crater formation and penetration are not observed in de 
positing pure iron electrodes (hydrogen-treated carbonyl] 
iron) on iron plates in an atmosphere of argon, 99.5% 
purity, according to Doan and Schulte.’ Admixture of 
less than 10% air with argon permitted the formation 
of crater beneath the electrode. The deposited iron 
contained 0.002-0.006% argon. Deposits from a mild 
steel electrode in argon contained 0.006 to 0.015 argon. 
Some of the impurities in the iron were lost by evapora 
tion during deposition in argon. The deposits could 
be made in argon only if a stable arc*® was secured by 
using over 62 volts open circuit and over 110 amp. short 
circuit. The deposits® of pure iron made in argon had 
over 90% reduction of area in tensile tests. Correspond 
ing deposits made in air had only 4% reduction of area. 
Neon and helium were similar to argon. 


Zirconium 


A bare hard facing electrode containing Fe, Cr, Si, C, 
Mn and Zr deposited metal containing no zirconium 
but quantities of nitrogen, according to M. C. Smith.” 
There was very little loss of Zr if the electrode was coated 
with flux to yield a hydrogen atmosphere. Kinzel® 
pointed out that zirconium is a promising agent for weld 
ing fluxes to combine with and flux nitrogen, oxygen and 
sulphur. <A deposit from a mild steel electrode */)¢ inch 
diameter, 200 amp., covered with a mixture of water 
glass and carbon-free ferrozirconium contained 0.039% 
nitrogen (Allen method) in Morrow’s*' tests. Zir- 
conium improved the soundness of the weld metal 


Antimony 


The melting rate of a mild steel electrode coated with 
antimony by spraying was 15 to 20% faster than a bare 
electrode in Doan's® tests. Only 0.1 to 1.0% Sb was 
required. The antimony content of the deposit was not 
stated. Doan believed that antimony lowered the 
surface tension of iron and reduced the size of the glob- 
ules in the are. Since large drops are barriers to the 
contact of the are with unmelted portions of the elec 
trode, the smaller drops from the antimony-coated elec 
trode were believed to account for the higher melting 
rate. 

Zinc 

The welding of galvanized iron was discussed in the 
review of literature on Welding Coated Steels (THe 
WELDING JOURNAL, 18, Suppl, 35-36, Feb. 1939). A 
caution was issued by an anonymous writer® against 
coating welding rods with zinc because a brittle iron 
zine alloy may be formed. 


Cobalt 


Although Burgess and Aston*! could not resistance 
butt weld iron containing 6% Co or more, Warner”® 
was successful in atomic hydrogen welding steels con 
taining at least 35% Co without flux. It has been said®! 
that cobalt steels (no details) cannot be oxygen cut. 
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The term “cobalt steel’’ probably applied to cobalt high 
speed steel, the welding of which is discussed in the re- 
view of literature on Welding Tungsten Steels. 


Boron 


Boron is not successful as a deoxidizing addition to 
electrodes because it is lost during deposition in the arc, 
according to Ruder.*? 


Cadmium 


An unusual alloy of iron with 5% Cd was successfully 
resistance butt welded by * sath and Aston*! many 
years ago. 


Lead 


Burgess and Aston*! were unable to resistance butt 
weld iron containing 3% Pb. 


Selenium 


Iron containing a little selenium (no details) was re- 
sistance butt welded by Burgess and Aston.*! 


Magnesium 


According to Warner,” steels with up to 1% Mg can 
be welded without flux by the atomic hydrogen process. 


Silver 


Iron containing 0.69 Ag was resistance butt welded by 
Burgess and Aston.*! 
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SUGGESTED RESEARCH PROBLEMS 


1. There are strong indications that the dissolved 
hydrogen in and around welds is an important factor 
for cracking. Two questions arise: (a) How does hy- 
drogen create welding cracks? (b) What factors affect 
the absorption of hydrogen by weld metal? Study of the 
first question might be based on observations of welds 
made under conditions favorable to hydrogen absorp- 
tion. The stresses created by hydrogen would be on a 
different scale from shrinkage stresses, it is to be sup- 
posed. The structures (peartite, martensite) most sen- 
sitive to hydrogen cracking should be determined. The 
second question involves determination of the hydrogen 
content of weld metals that have not been permitted to 
cool below, say, 1000° C. before being analyzed. The 
weld metals would be prepared under conditions favor- 
able and unfavorable to hydrogen absorption. 

2. It has been claimed that electrodes charged with 
hydrogen deposit more rapidly than rods free from hy- 
drogen, perhaps for the reason that atomic hydrogen is 
involved. The claim should be investigated by pickling 
base metal or rod so as to charge it with hydrogen. Dur- 
ing subsequent welding the behavior of the rod should 
be observed. 

3. Further research is needed on welding high 
strength structural steels containing titanium of the type 
investigated by Swinden and Reeve.*” The use of ti- 
tanium for the purpose of improving the ductility and 
toughness of welded joints in high strength structural 
steels doubtless will increase as research results are ac- 
cumulated. 

4. The possibilities of several less well known ele- 
ments in welding have not been explored. For exam- 
ple, the action of zirconium in fluxing and degasifying 
the weld melt might be investigated. 

5. The properties of welds, for example, flash welds, 
in lead-bearing, free-machining steel should be deter- 
mined. 
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CHARACTERISTICS ot the DEPOSITS 


of Some Hard-Facing Welding Electrodes 


By H. B. CROCKETT?# and M. L. BEGEMAN} 


ARD-facing is the process of applying to a wearing 
H surface some metal which renders the surface 
highly resistant to wear or abrasion. It is dis- 
tinguished from surface-hardening in that the surface 
hardness is obtained by the application of a hard metal 
to the surface, while surface-hardening implies a hard- 
ness obtained by some special chemical or heat-treating 
process. The experiments discussed herein apply only 
to hard-facing deposits applied by the electric are proc- 
ess. 

Many hard-facing electrodes have been developed in 
recent years, but it still remains difficult for the pro- 
spective user to make the best selection for his particular 
application. It is not the purpose of these tests to rate 
various commercial electrodes, but rather to study the 
properties of several typical electrode deposits and re- 
duce the findings to quantitative values or characteristics 
which could be applied to other similar electrodes. Our 
plan for these studies is based on several ideas: First, 
that adherence is a prime factor in many hard-facing ap- 
plications and should be reduced to quantitative terms. 
Second, the ductility of the facing metal as a function of 
the hardness is often an important consideration affecting 
the chipping and pitting of hard-faced surfaces. Third, 
as hardness is a desirable property of facing materials it 
should be obtained as a function of thickness of parent 
metal, thickness of hard-facing deposit and width of 
hard-facing deposit. Finally certain relationships or 
characteristics may be obtained by a study of the grain 
size and microstructure of hard-facing deposits. 

A decision was made to test five arc-welding electrodes 
varying in deposit hardness from Rockwell B-S0 to 
Rockwell C-60. These electrodes will hereafter be called 
A, B, C, D and E in accordance with their increasing 
hardness. Electrode A is not a hard-facing electrode 
and was introduced only for purpose of comparison. 
A general description of each rod and its deposit follows: 

Electrode A—low-carbon steel, shielded-are type. 
This electrode may be used in all welding positions 
where good ductility and high tensile strength are at a 
premium. Electrode A burns very rapidly and 
smoothly; therefore, it has low slag and spatter loss. 
It is recommended for single- or multiple-pass welding on 
mild steel. 

Electrode B—high-carbon content; smooth, white 
flux-coating. The carbon content is about 0.85 per cent, 
and the manganese content between 0.30 per cent and 
0.60 per cent. The electrode gives best results as a hard 
deposit for general repair and maintenance work. This 
particular electrode is difficult to apply and does not give 
a deposit of uniform hardness. 
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Electrode C—high-nickel, low-carbon content; shielded 
arc. The carbon content is not over 0.17 per cent; the 
nickel content is 4.5 to 5.25 per cent, and the manganese, 
0.30 to 0.60 per cent. Recommended for use where 
impact and wear resistance are important, such as on 
rockdrill points, gear teeth, gun carriages and rail ends, 
electrode C is naturally very tough and hard. Also, it 
work-hardens and is not machinable. The manufacturer 
gives the hardness as Rockwell C-36. Tests made on 
electrode C show that the manufacturer rates the hard- 
ness of the deposit too high, at least without qualification 
as to the base metal employed. This electrode forms a 
very flat deposit, which has no porosity 

Electrode D.—The wire in this electrode is a chrome- 
vanadium alloy similar to S. A. E. 6140 steel. Its pri- 
mary use is for building up rail joints and other similar 
applications which are subjected to rolling, sliding and 
impact loads. The electrode forms a smooth bead that 
is not machinable, having a hardness around Rockwell 
C-34. The deposit, if work-hardened, will increase to 
about Rockwell C-38., 

Electrode E—special alloy electrode for building super- 
speed cutting edges. The manufacturer states that this 
electrode yields a deposit of hardness varying from 55 
to 65 Rockwell-C. Test data are in reasonable agree- 
ment with these figures. 

The above statements primarily are concerned with 
what the various manufacturers have to say about the 
electrodes studied. Figure 1 shows the deposits and 
flux-slag produced by the electrodes. The photograph 
reveals that electrodes A, D and E produce the most 
uniformly dimensioned beads and that deposit D is the 
smoothest of the group. Notice how rough deposit B 
appears; that accounts for some of the irregularity in 
hardness. Because hard-facing might be placed only on 
one side of a thin member or might be unevenly distrib- 
uted between sides if used on both, it is important to 
mention that deposits E, C and D, in decreasing order, 
have a high coefficient of contraction with respect to that 
of mild steel. The likelihood that slightly different re 
sults would be encountered if welding electrodes of 
diameters other than those tested were used merits indi 
cating that electrode D had a diameter of */\¢ inch and 
the other, °/32 inch. 


TEST SPECIMENS 


Three types of test specimens were used: namely, 
tensile, bending and hardness. The base metal was 
S. A. E. 1020 open-hearth steel. 

The tensile-test blanks were 12 inches long by 2 inches 
wide and were of the plan form shown in Fig. 2. Thick- 
nesses employed were '/4, 5/16, */s, '/2, °/s and */, inch 
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Fig. l1—Deposits: A, B,C, D, E 


with the exception that the beads of electrodes A and 
B were not run on the 5/,-inch specimens. Deposits 
A and B were laid in two parallel beads which com- 
pletely covered the width of the neck of the tensile 
specimen. A similar procedure could not be followed 
with the other deposits because of their large coefficients 
of contraction already mentioned. Fortunately, the 
electrodes C, D and E produce fairly uniform beads when 
applied by an experienced welder; uniform is used here 
in the special sense that the beads are the same width 
and depth. Figure 4 shows the five types of beads as 
they appear on the tensile specimens. 

Giving the voltages and currents used in the facing 
process would be of no avail since the actual names of the 
electrodes may not be stated, but the ultimate impor- 
tance of such observations should not be overlooked. It 
is proper that mention of the fact should be made now 
because these factors are directly connected with the 
preparation of the specimens. True, the voltage and 
amperage were held constant throughout this series of 
tests for the application of each electrode; but other 
combinations might be selected by different welders. 
These are only two of the many variables encountered in 
the experiments undertaken. 

The bend specimens were of the form shown in Fig. 3. 
The specimens were 12 inches long and 2 inches wide and 
had the ends bent up at an angle of 20°. They were 
made in thicknesses of '/4, 5/15, */s, '/2, °/s and */4 inch. 
A few of the bend specimen blanks were made with 
notches in the sides like those in the sides of the tensile 
specimens, because it was found that the thin specimens 
had a tendency to fail at the initial bends instead of 
first bending in the middle when in the compression 
machine. As nearly as possible duplicate beads to those 
on the tensile specimens were run on the bend specimens. 

A number of specimens designated as hardness speci- 
mens were made of dimensions 2 inches by 6 inches in the 
various thicknesses. On them were run single beads 
from electrodes A, B and D essentially for the purpose of 
obtaining hardness check curves. Later a second and a 
third layer were placed on top of the original one to ob- 
tain a check on the effect of their addition on the hard- 
ness reading. For this latter series of tests another elec- 
trode, F, was added. No previous mention has been 
made of it because this is the only time electrode F was 
used in the writer's experiments. The electrode has the 
same characteristics as electrode B; the chief difference 
is in manufacturers. 


PROCEDURE 


After the specimens were welded they were cleaned 
carefully on a power buffer. 
(a) Hardness Tests.—The beads on the buffed speci- 
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mens were ground slightly to enable hardness readings 
to be taken satisfactorily. Care was taken to prevent 
any heating which would cause added hardness due tp 
the grinding process. All hardness tests were made on a 
Rockwell hardness tester. 

The accuracy of the tester was checked daily on calj- 
brated metal blocks. Thirty or more hardness readings 
were taken on each of the tensile specimens and on the 
bend specimens of C, D and E deposits; that is, since two 
sets of A and B specimens were made and since close 
agreement was found between the hardness of the two 
sets of each deposit, no additional tests were deemed nec 
essary on the bend specimens, which were extremely 
awkward to place in the tester. In most cases these 
thirty readings were divided up into groups of ten; one 
group each being taken at the beginning, middle and 
end of the bead. The end could be recognized by the 
little pool formed there. On a number of the A and B 
parallel-bead deposits, hardness readings were taken 
along each of the beads to determine the effect of the 
second bead on the hardness of the first. At this point 
it should be stated again that hardness readings were 
particularly irregular in the case of deposit B; that is, 
readings taken only a few hundredths of an inch apart had 
differences of as much as 10 or 15 Rockwell-B units. 
A justification of these readings was found later in 
studying the microstructure. 

On the little hardness check specimens ten or more 
readings were taken along the length of the bead. A 
similar number of readings were taken as each layer was 
added in making the thickness of deposit test. 

(b) Tensile Tests——Before any specimen was put in 


Fig. 2—Tensile Specimen Layout 
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the testing machine gage marks three inches apart were 
driven in the bead and in the front and back of the base 
metal. The specimen was clamped securely in the 100,- 
Qov-pound tensile machine. Until a load was reached 
approaching that at which the first crack was expected 
to occur, the machine was operated at a relatively high 
rate of speed, care being taken to keep the beam balanced 
at all times. Then the speed was lowered until the first 
crack occurred. Readings were taken of the load and 
the distance between gage marks. In this procedure it 
was found that holding the tips of a pair of dividers in 
the gage marks throughout the test would insure getting 
an accurate measurement should the whole specimen 
rupture suddenly. After the first crack occurred com- 
pletely across the bead, the specimen was pulled to rup- 
ture. Notation was made of the maximum load im- 
posed, which in most cases was that existing at the in- 
stant of the appearance of the first crack. In other 
words, the hard face usually strengthened the specimen 
considerably. 

c) Bending Tests.—-The tests were made on the 30,- 
000-pound compression testing machine. Three-inch 
gage marks were placed on the specimens as in the tensile 
specimens. Each specimen to be tested was first placed 
carefully in the special grooved plate on the working table 


Fig. 4—Tensile Specimens: A, B,C, D,E 
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Fig. 6—Hardness Versus Thickness Base Metal 


of the machine, and the head of the machine was lowered 
so that the top end of the specimen just laid in the groove 
inthe upper plate. Measurementwas made and recorded 
of the distance between the head and the table of the com 
pression machine. The load was applied as uniformly 
as possible with a hand-operated machine, and the beam 
was kept balanced. When the first crack appeared, the 
distance between the gage marks was measured along the 
face of the weld; the beam load reading was taken; the 
distance between the table and the head was measured; 
and the shape of the bent specimen was traced on the 
back of the data sheet. 

Because deposit A and the base metal were so ductile 
cracks did not occur in specimens A; therefore, the per 
cent elongation was found on the basis that each speci 
men was bent until the ends had been compressed five 
inches toward each other. A number of the '/,-inch and 
5/,e-inch specimens had a tendency to fail in the initial 
bend instead of in the middle. It was for this reason 
that some of the thinner bend specimens were made with 
the same plan view as that of the tensile specimens; the 
reduced section had a smaller moment of inertia, and, 
therefore, the stress in the middle was increased. 

(d) Microstructure—In order to determine the varia 
tion in grain structure throughout any particular set of 
specimens bearing the same hard-facing metal, small 
pieces of weld metal were cut from the fusion lines of the 
hardness specimens of deposits B and D. To study the 
differences in the structure of the various facing materials 
microstructure specimens were cut from '/»-inch speci 
mens of each of the hard-facing deposits. These bits of 
metal were ground, mounted in Bakelite, and polished. 


DISCUSSION 


(a) Hardness as a Function of the Parent-Metal Thick 
ness.—In general, the hardness of the facing metal in 
Fig. 5—Bend Specimens: A,B,C, D.E creases with an increase in parent-metal thickness as is 
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Fig. 7—Hardness Per Cent Elongation 


shown in Fig. 6. The trend exhibited was expected be- 
cause the greater body of base metal in the thicker speci- 
mens has a more intensive quenching effect on the hot 
facing metal than has the smaller body of metal in the 
thinner specimens. On this basis the facings on the bend 
specimens should have been slightly harder than the 
facings on the corresponding tensile specimens. As a 
matter of fact, the hardness was taken for both the 
tensile and the bend specimens carrying deposits C, D 
and #; and the hardness of the bend specimens was above 
that of the tensile specimens only in the case of deposit 
D. In fact the average hardness of the C and E bend 
series was about 15 Rockwell-B and C, respectively, 
lower than the average hardness of the tensile series. 
Knowing that the bend specimens of the various de- 
posits were welded under nominally the same conditions 
as their corresponding tensile specimens although at a 
different time, the writer perceives that the hardness of 
the C and E deposits, as well as that of the B deposits, 
is particularly dependent on the conditions existing dur- 
ing application. Contrary to the action of the others, 
deposit D presents very nearly constant hardness char- 
acteristics. 

The roughness and irregularity of the high-carbon 
deposit B mentioned previously certainly affects its 
hardness. The B, curve* of Fig. 6 shows scarcely any 
regularity in increase of hardness as the thickness of the 
base metal increases; in fact, the curve is concave in the 
opposite direction to that expected. A check of the 
points of the F-deposit curves in Fig. 8 demonstrates 
similar irregularity, even though the curves do have the 
expected shape. The F hard-facing electrode differs 
from B chiefly in manufacturers name. 

Note that the A,;., curve and the E, curve (Fig. 6) 
show a decided decrease in hardness as the thickness of 
the base metal increases. Now the base metal used had 


* Subscripts: H = hardness specimens, JT = tensile specimens, B = 
bending specimens, 7-B = tensile and bending specimens. 


a hardness of 87 Rockwell-B, but deposit A shows a maxi. 
mum hardness of only 82 Rockwell-B on the curve men- 
tioned. Evidently the most dilution of the facing meta] 
with the base metal must have occurred in the deposits 
on the */s-inch and '/:-inch specimens since these de- 
posits were the hardest. Under these circumstances it js 
reasonable to think that the '/,-inch specimen should 
have been harder than the others, because ordinarily 
more dilution occurs in the thinner specimens as a result 
of the excessive heat; however, since the deposit on the 
'/,inch specimen was not the hardest and since the 
data for the A; curve were practically identical for the 
two identical sets of tensile specimens (and, consequently, 
not very questionable), other factors must be in play. 

Consider the shape of the E, curve. Surely the 
shape of this curve cannot be attributed to the same dilu- 
tion theory as that mentioned above, because the shape 
here would indicate greater dilution when the deposit is 
applied on the thicker specimens. However, two fac- 
tors have not been suggested: perhaps the two metals 
have different dilution characteristics, or perhaps the 
welder unconsciously affected the dilution by using 
slightly different rates of application of the facing to the 
specimens, 

Although the average change in hardnessefor the thick- 
ness range of from '/,4 inch to */, inch tested was about 
12 Rockwell units, most of the curves indicate that a 
greater hardness range is to be expected if the thickness 
range is increased. Further tests will determine the 
limit of hardness for each kind of deposit. Very likely 
the various deposits will reach a maximum hardness at 
different thicknesses of base metal. 

(b) Relation Between Ductility and Hardness.—Figure 
7 shows that the per cent elongation, which is one mea- 
sure of ductility, increases with a decrease in hardness 
and, furthermore, that the increment increase in per cent 
elongation becomes greater than the increment decrease 
in hardness as the lower hardness range is approached. 
The curves of Fig. 7 were plotted from the average values 


Fig. 8—Hardness of Different Thicknesses of Deposit 
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of per cent elongation and hardness for each of the de- 
pos ts studied. In each case it is the value for deposit 
B which falls out of line. Again this deposit shows an 
irregularity which in part, at least, may be attributed to 
the poor flowing quality of the electrode. 

lhe position of the bending curve in Fig. 7 with respect 
to that of the tension curve indicates that in the hardness 
range below 40 Rockwell-C the percentage elongation is 
greater in bending than it isin tension. Below 80 Rock- 
well-B little difference may be expected in the elongation 
of the tensile and bend specimens if the closing in of the 
two curves of Fig. 7 is taken as a criterion. 

To note that the per cent elongation increases with the 
hardness within the thickness range of electrode B is 
quite interesting. Evidence here certainly indicates that 
the ductility of electrode B is increased by applying it 
to thicker bases of a more ductile metal; hence, more 
dilution must take place on the thicker, cooler specimens. 
This is an instance where the existence of a relationship 
between the fusion characteristics and the temperature 
is evident. 

(c) Hardness as a Function of Deposit Thickness.— 
Figure 8 is a graph of the variation in hardness with 
thickness of base metal for one, two and three layers of 
deposits A, D and F (high-carbon). The effect of adding 
layers was only a slight increase in hardness of the third 
layer over that of the first layer for deposit A; but in the 
case of deposit D the second layer was an average of 8 
Rockwell-C units above the first, and the third, 5 units 


above the second. Addition of layers to the deposit F 


gave similar results in Rockwell-B units, although the 
results were not as consistent. 

The results of this test might well be taken as an 
index to what would happen if base metals of different 
hardness were employed. As the hardness and heat 
resistivity of the base metal are increased, the hardness 
of the deposit thereon will increase. 

(d) Adherence of Facing Metal.—The photographs 
composing Figs. 9 and 10 excellently show the adherence 
characteristics of the deposits after they had been sub- 
jected to tensile and bending tests. The tables under the 
photographs are self-explanatory except the footnote 
to the table for bending. The note states that in the 
table is given the average amount the ends of each type 
of specimen were compressed in per cent of the original 
11'/>-inch span of the untested specimens; this measure- 
ment of the amount of compression was made at the ap- 
pearance of the first crack. Although compressed past 
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Fig. 9—Broken Specimens: A, B, C, D, E 
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Fig. 10—Bent Specimens: A, B,C, D, E 


the first crack in order to obtain adherence data, the 
specimens in the picture have about the same ratio of 
spans as they had when the first crack occurred. A fur 
ther comment concerning the performance of deposit FE 
under load is that the chipping mentioned was actually 
due to horizontal shear in the small pieces between the 
numerous straight cracks which appeared immediately 
upon application of a load. Ordinarily about half the 
metal of the deposit remained on_the surface at the few 
places where chipping did occur. 

(e) Hardness as a Function of Facing Width.—The 
data reveal that a relatively small effect on the hardness 
of either bead results when two beads are placed parallel 
to each other. The second bead was an average of 3 
Rockwell-B units harder, probably because reheating 
the first tempered it slightly. Had parallel beads of the 
harder electrodes D, C and E been tested greater effects 
might have been obtained. More extensive tests would 
be expected to show a variation in the hardness difference 
dependent to a considerable extent on the size of the 
beads. In any event, the data merit the suggestion that 
when more than one bead of hard-facing material is 
applied the last bead should be the one on the wearing 
edge. 


Adherence in Tension: 


Type Adherence Chip- Avg 
Dep. Character ping Condition Cracks R. Hd, 
A Excellent None No cracks 79 B 
B Good None’ Large, irregular 82 B 

Fair Some Large, irregular 06 B 
D Good None Many, small, irreg. 36 C 
E Poor Badly Many, straight, large, small 55 C 

Adherence in Bending: 

Type Adherence Per Cent* Avg. 
Dep. Character Comp. Condition Cracks R. Hd. 
A Excellent 43 No cracks 79 B 
B Good 14 Large, irregular 82 B 
c Good 20 Small, irregular 85 B 
D Good 8 Many, small, irreg. 35 C 
E Fair 2 Few, straight, clean 47 C 


* Per cent of 11'/-inch span bend specimens were compressed 
before appearance of first crack. 
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The shape of the base metal has a definite effect on 
the hardness; the truth of this statement is proved by 
the readings taken showing how the hardness was dis- 
tributed along the specimen. In the center where the 
heat could not be drawn away as rapidly as at the end of 
the bead, the deposit was 5 to 10 Rockwell-B units softer 
than at the beginning and end of the bead. Such a fac- 
tor would prove of importance if the facing were applied 
to small objects of varying shapes and sizes. Another 
factor to be considered in applying a hard facing is the 
coefficient of contraction of the facing deposit; the use 
of a coating on both sides of some objects might be im- 
perative to prevent warping. 

(f) Hardness as a Function of Grain Size.—In general, 
an increase in hardness accompanies a decrease in grain 
size. A quantitative value cannot be given here be- 
cause, for one thing, the deposits are not of the same 
general constituents. Microscopic examination of some 
of the specimens clearly showed why they did not give 
uniform hardness readings. In such specimens several 
constituents could be seen occurring without any special 
regularity indicating that there had been occasional 
excessive dilution with the parent metal. This difficulty 
was especially evident in the ‘‘B’’ series of specimens. 
Some cases of over-heating were also observed as evi- 
denced by excessive grain size. The hardness of these 
specimens was slightly lower than it should have been. 
The last point on the D curve of Fig. 8 illustrates this 
point. 


SUMMARY OF FINDINGS 


Following are the general results found in this study of 
the characteristics of hard-facing welding electrodes: 

1. For a base metal thickness range from '/, inch to 
/, inch the average hardness of any deposit increased 
about 3 Rockwell units for every increase of '/s inch in 
base metal thickness. 

2. For hardnesses above 80 Rockwell-B all the de- 
posits were found to be slightly more ductile in bending 
than in tension, and the ductility was found to increase 
with a decrease in hardness. No per cent elongation was 
experienced in the 30 to 50 Rockwell-C range, but aver- 
age elongations of 14% in 3 inches were found at hard- 
nesses of 80 Rockwell-B. Only slightly lower hardness 
would be expected to give much greater per cent elonga- 
tion. 

3. As the hardness of the deposit increased the 
effect of added layers increased. Little effect of added 
layers was found on the low-carbon, low-hardness de- 
posit; but in the case of a deposit with an initial hardness 
of about 34 Rockwell-C adding one layer increased the 
hardness by 8 units, and adding another gave an addi- 
tional increment of hardness of 5 units. 

4. Adherence might be said to be a function of hard- 
ness in that the very hard deposits do have a tendency 
to chip when subjected to tension or bending. Tension 
tests seemed to cause slightly more spawling than bend- 
ing tests. Perhaps this effect is imagined since only the 
tensile specimens were actually fractured. 

5. When two parallel beads were tested it was found 
that the one laid last was about 3 Rockwell units harder 
than the initial one. It was also found that the shape 
of the base metal materially affected the hardness in so far 
as the heat transfer was affected. Too, discovery was 
made that the coefficient of contraction of the various 
deposits must be considered in any design problem. 
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6. Microphotographs reveal that, in general, an in. 
crease in hardness accompanies a decrease in grain 
size. 

7. A survey of the data and results as a whole indi 
cates that only deposit D has consistent characteristics 
By this the writer infers that under most service eo: 
ditions it would be found to have a hardness very close 
to that given by the manufacturer, a situation which 
was found to be true throughout this series of tests. 
The significance attached is that in using any of the other 
electrodes for mass production purposes individual tests 
would have to be made on every object to which they 
were applied before the manufacturer of that object 
could guarantee its hardness and wearing characteristics. 
In other words, it is probable that very few general- 
purpose electrodes may be trusted to give guaranteeable 
results. 


SUGGESTIONS FOR FURTHER RESEARCH 


The following list of problems for further study includes 
the two originally projected that were not touched in this 
work: 

(a) Wear resistance of various hard-facing deposits 
should be investigated. This series of tests should be 
carried out immediately on the deposits already tested. 
A number of different types of wear tests involving 
rotating and sliding action can be devised; however, the 
final criterion can be found only in field tests. This 
situation exists because of the innumerable applications 
for every type of electrode. 

(b) Tests should be made to determine the hardness of 
the facing metal as a function of the parent metal struc- 
ture and hardness. An insight to the problem has 
already been gained in the study of the effect of adding 
layers of deposit. 

(c) Special fusion tests might be devised with par- 
ticular emphasis on the temperature existing at the time 
the facing metal is being applied, and thereafter. 

(d) Tests might be made to determine how the various 
hard-facing deposits react to heat treating. 

(e) It is not impossible that desirable results might be 
obtained by using combinations of electrodes in layers. 

(f) Tests should be made to find the optimum rate of 
application of hand-facing deposits with respect to fusion 
characteristics, dilution, hardness, etc. 

(g) The present study should be expanded to include 
more electrodes and thicknesses of base metals, the 
latter to determine the limit of hardness to be expected 
from a rod under any ‘‘metal-quenching’’ process 

(h) The present study should also be expanded to in 
clude hard-facing materials applied by oxyacetylene 
processes. 
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INSPECTION BY MEANS OF 


By WM. T. TIFFIN’ 


REPANNING may be defined as a mechanical 

process for removing plugs from a parent base. The 

tool used, called a trepan, is a circular metal saw 
with a pilot in the center. The pilot may be either a 
straight shank drill or it may be some type of pilot bar. 
(he use of a drill as a pilot allows the trepanning to be 
completed in one operation, thus shortening the time 
required. Pilot diameters vary from */,¢ to */s inch de- 
pending upon the size of the hole saw or trepan. The 
trepan should be of a size sufficient to include the entire 
weld seam and enough of the adjacent parent metal as 
to allow some conclusions regarding the degree of fusion 
obtained. An electric drill, a pneumatic motor or, in 
some cases, a drill press may be used to drive the trepan. 

Earliest applications of the trepanning method to the 
inspection of weld seams were made by the insurance 
companies who were called on to insure welded vessels 
in hazardous service built previous to the adoption of 
the welding process by any code authority or vessels 
built without adherence to code requirements. Figure 
| shows three examples of trepanned plugs from the weld 
seam of three vessels, such as the above, by the Hartford 
Inspection and Insurance Company. It would be diffi- 
cult to believe that any portion of the weld seam from 
which these plugs were removed could be sound: Ex 
amples such as this are typical of some of the early 
welded pressure vessels now in service. 

Vessels built in accordance with Par. U-6S of the 
Unfired Pressure Vessel Code are subject to such thorough 
inspection that there can exist but little doubt as to the 
soundness of the welds. However, only visual inspection 
of the weld seam is required in the case of vessels built in 
accordance with Par. U-69 and U-70, although this class 
of vessel may often be used in hazardous service. Ac 
cordingly, the method of inspecting the weld seam by 
means of trepanning has been proposed for adoption by 
the code authorities. The A. P. I. adopted the trepan- 
ning method, for use in the construction of all-welded 
oil storage tanks, in November 1938; and a similar 
procedure appeared as a proposed addition to the A. 5. 
M. E. code in the May 1939 issue of Mechanical Engi 
neering. 

A recent survey covering seventy-one of the largest 
users of the welding process disclosed that approximately 
fifty per cent favored the trepanning method, twenty- 
five per cent were opposed to the practice, and the other 
twenty-five per cent were unable to use the trepanning 
method due to the particular requirements of their manu 
facturing process or of their finished product. Nearly all 
the manufacturers of the U-69 and U-70 vessels and the 
A. P. I. vessels expressed their approval of and satisfac 
tion with the trepanning method. Reactions to this 
survey, the suggestions obtained and the advice and 


* Presented at Annual Meeting, A. W. S., Chicago, Oct. 23 to 27, 193° 
\ contribution to the Fundamental Research Division 
' College of Engineering, The University of Oklahoma, Norman 


Trepanned Plugs 


consultation of various interested parties led to the adop 
tion of certain tests and methods herein described that 
were used to obtain more information on the trepanning 
method with particular reference to the closure of the 
holes made by removal of the trepanned plug 

The A. P. I. code requires at least one plug from each 
hundred feet of joint and the proposed addition to the 
A. S. M. E. code requires one specimen from each fifty 
feet or fraction thereof. One specimen should be taken 
from each section of a vertical joint where a vessel is 
built up of several courses. Good practice should require 
the selection of one specimen from each operator's work 
regardless of the length of seam. Where such selection 
is practiced, the trepanned plug becomes a permanent 
record of the actual condition of the weld seam at that 
particular point. Random selection of plugs should have 
the same value to the inspector as the “‘sample grabbing 
of fuels or chemicals has to the analyst. Moreover, it 
would not be sound reasoning fb assume that the weld 
seam could be seriously defective and not have the sam 
degree of unsoundness exist throughout its entire length 

When the location for the sampling is selected, the 
weld seam should be center punched to start the pilot 
drill and the plug face marked to identify the operator, 
the vessel and the particular seam. The weld may be 
ground or chipped flush as desired. Figure 2 illustrates 
a very satisfactory type of trepan or hole saw which has 
edges or teeth of high-speed steel. Figure 3 illustrates a 
simple type of drill holding fixture that may be easily 
carried to the job and can use either an electric drill or a 
pneumatic motor. The cut should be started with but 
little pressure until the saw has formed a guiding groove 


Fig. 1—Trepanned Plugs from Old Pressure Vessels 
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Fig, 2—Trepan Saw 


R.P.M. | HOLE PLATE THICKNESS 
90° min. SIZE | 1/4" 3/8" = 5/e" 3/4" 7/8" i" 13° 13° 
450 3/4"} 1.2 1.6 2.4 3 3.6 4.2 4.8 6 7.2 
340 we 22 2.9 44 64 Of 7.4 6.8 
270 3.7 4.6 5.6 666 %4 9.3 
230 1s” | 2.2 3.3 4.4 5.5 6.6 7.7 9.9 11.9 13.1 
Time io minutes for actual drilling 
Does not include set-up or cleaning time 
the 
refi 
Fig, 4—Time Required for Sawing Through Various Thicknesses etc 
of Plate 
plu 
rep 
different etching solutions. The author has found that tor 
: the 50% solution of hydrochloric acid is very satisfactory the 
when used at a temperature of 160° F. At this tem- at 
perature, the solution is act? ’e with negligible change in An 
concentration due to evaporation. The specimen should the 
first be thoroughly cleaned and washed in an oil solvent, If 1 
: preheated in water to 160° F. and then immersed for age 
r 7 Bes. thirty minutes in the etching solution at 160° F. If com- cer 
parative results are desired, it is important that the sul 
| etching solution be kept at 160° during the entire im- spe 
wis mersion. The time for etching is also important in that 
too short a period will allow only the most easily dissolved 
constituents to be attacked while too long a period will 
a often mask certain structural details that might have an 
" important bearing upon the intrepretation of the results. 
; The A. S. M. handbook, 1936 addition, gives a valuable 
x table for the etching times and temperatures for various 
’ Fig. 5—Plugs Polished and Ready for Etching 
A Fig. 3—Drill Holding Fixture 
Cutting oil is a material aid in speeding up the operation 
and as a safeguard for the saw. When trepanning thick 
plates, the saw should be withdrawn once for each one- 
quarter inch of thickness and cleaned. An air stream 
directed upon the cutting edges of the saw will eliminate 
the withdrawing operation. If there is any danger of the 
plug being lost inside the vessel, the pilot hole may be 
drilled first and a split spring pilot used in the trepanning 
saw. The split pilot will retain the plug after drilling 
through the weld seam. Figure 4 gives the time required 
for sawing through various thicknesses of plate. This 
table does not allow for withdrawal time or for set-up ue 
and preparation. pl 
The proposed addition to the A. S. M. E. code requires eN 
4 the cross-sectioning and polishing of the trepanned plug 
previous to etching; while the A. P. I. code allows etch- of 
ing of the plug as sawed. The time required for polishing, I 
however, is so short and the operation so simple that it al 
is the author’s practice to polish the plugs either on a pl 
belt sanding machine or in a lathe. If a lathe is used, ty 
the plugs may be mounted on a standard mandrel fitted ——- th 
into the trepan saw pilot hole, filed and then polished Ww 
with emery cloth, finishing with double 0 to a bright, of 
smooth condition. Figure 5 shows several plugs polished d 
in the above manner and ready for etching and inspection. . r 
After polishing, the plugs may be etched in a 50% | P: 
solution of hydrochloric acid until the structure is clearly P 
defined. The A. S. M. E. code allows the use of several Tis: (Top)—Etched Plu ai 
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steels. A small pyrex vessel will prove suitable for con- 
taining the etchant and will withstand direct heat. 

[he principal defects which are to be looked for in the 
etched plugs, as noted in both the A. P. I. and the A. S.- 
M. E. code are lack of fusion, slag inclusions, gas pockets, 
eracks and undercutting. Further observation will 
assist in determining the comparative resistance of the 
parent plate and the weld metal to corrosion; dirt in 
the weld or parent plate, if the plug is large; and grain 
refinement due to the welding heat. Figure 6 shows an 
etched plug removed from a weld seam; 6(a) being the 
plug as first etched and 6(6) being a cross section of the 
repair. This plug indicates a lack of fusion between the 
top and bottom welds and was repaired by chipping out 
the metal on the side nearest to the void and rewelding 
at the same time the trepanned plug hole was repaired. 
Any of the defects as noted above are clearly defined in 
the etched specimen and their location easily determined. 
If the weld proves to be slightly defective when checked 
against code requirements, but such defects are within 
certain limits, another specimen may be trepanned and 
subjected to the same testing procedure. If the second 
specimen is satisfactory, the weld is acceptable. Addi- 
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Fig. 7—Methods of Repairing Hole Left After Removal of Plug 


tional information may be obtained from the trepanned 
plugs by cross sectioning, polishing and microscopic 
examination. 

Figure 7 illustrates twelve different methods for filling 
or repairing the hole left by removal of a trepanned plug. 
The A. P. I. code approves the use of types 1, 2, 3 and 4; 
and, for thick plate, recommends the use of type 6. The 
proposed A. S. M. E. addition recommends the use of 
types Sand 9. The hole in these plugs may be closed by 
threading and inserting a pipe plug which may be seal- 
welded if desired. In the selection of the various types 
of repair to be made in connection with the tests herein 
described, experiments were first made to determine the 
most satisfactory type plug to be used for the various 
plate thicknesses. Tests were made on five different 
plate thicknesses. Figure 8 illustrates the type plug 
and hole size decided upon as being the most desirable 


TYPE PLATE ‘THICKNESS 
1/4" 3/8" 1/2" 3/4" 
1 x x x x 
2 xX K x 
3 x xX x 
+ K x x x 
5 x A 
6 x x 
” x » x x 
8 xX x 
9 x x 
10 x x 
ll x 
12 
SIZE OF TREPANNED HOLE 


Fig, 8—Selecting Best Type of Plug 


from the standpoint of ease of welding, avoidance of slag 
entrapment, prevention of cracks, and ease of making 
the required type of filler plug. Hole size is sufficient to 
include all the weld seam and some of the adjacent parent 
plate. In some cases, a */4-inch trepan may be used, but 
only where the drill is rigidly held and the saw and pilot 
run true and concentric. 

Plate material used was according to A. S. T. M. 
specification A70 with a tensile strength between 55,000 
and 65,000 Ib. Light coated electrodes were used to weld 
the first pass to minimize the danger of slag entrapment. 
Tensile strength of the electrodes used was between 
65,000 and 75,000 Ib. per sq. in. of approximately 20°, 
elongation in 2 inches. To approximate actual condi 
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Fig, 9—Method of Preparing Plates Up to '/; Inch for Welding 
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Fig. 10—Method of Preparing Plates of 1 Inch Thickness 


tions, the tensile and bend test specimens were not X 
rayed, the destructive tests being relied upon to disclose 
the character of the welded repair. The '/,-inch specimens 
were ground accurately along the edges and measured 
for width. Finished dimensions were '/, x 2 x 8 inches. 
After welding and cooling to room temperature, the 
widths were again measured and the shrinkage due to 
welding calculated. During welding, the specimens were 
held rigidly to approximate field conditions. Figure 9 
illustrates the method of preparing the */s-inch, '/-inch 
and */,-inch plates for welding; and Fig. 10 illustrates 
the method of preparation of the | inch thick specimens. 
A strain gage was used to determine the shrinkage across 
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Fig. 11—Shrinkages for Each Type of doint 


the welds, gage marks being laid out prior to the cutting 
of each specimen from the parent plate. After cutting 
off, the specimens were planed to 2 inch widths, measure 
ments of shrinkage being made after each planing cut. 
Figure 11 lists the total shrinkages observed for each type 
of joint for the various plate thicknesses tested. In 
preparation for the tensile and bend tests, the specimens 
were tested as welded and without annealing. Figure 
12 lists the value obtained for the yield point, ultimate 
strength, and per cent elongation in two inches. Figure 
13 shows some of the typical fractures obtained. Speci- 
mens involving the use of back-up plates were cleaned 
and finished flush with the parent plate before testing. 
The results of this investigation indicate that, from 
the standpoint of strength and ductility, the type four 
weld repair is preferable to the other types in the thinner 
plates. This type consists in chipping the weld seam 
back from the trepanned hole at a slope of approximately 
| in 38 and using a back-disk. Tensile tests showed higher 
values for this type repair except for one specimen in 
the case of '/y-inch plate where type 2, a solid fill, gave 


Type | Thickness of Metal 
pi, 30,600 18% | 34,100 98,000 18% | 42,600 32,400 16 


2 160,700 41,700 20% | 53,700 44,300 1466 | 52,00 41,200 


62,100 39,900 108 | 44,000 42.000 | 98.900 1% 


57,400 40,800 178 | 56,400 46,600 166 | 63,600 41,900 | 55,200 39,600 
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TEWSILE TESTS OF VARIOUS CLOSURES FOR TREPANMED HOLES 


Fig, 12—Tests Results 


slightly higher values. The type 4 repair, however, gav: 
more satisfactory bend tests, 180° bends being made in 
the specimens as-welded on both root and face bend 
tests. In the heavier plates, types 6 and 7 each gave 
specimens that failed outside the weld; and types 8 and 
10 failed through the hole drilled for the pipe tap closures 
Type 11 is a quick and easy repair though greatly de 
pendent upon the seal weld to prevent leakage at higher 
pressures. 

Another indication of this test is the necessity of loca! 
stress relieving and annealing to obtain a more satisfa 
tory repair. Each specimen showed an increase in Rock 
well B hardness of from § to 20 points in or near th 


Fig. 13—Typical Fractures 


weld repair. The types of failure obtained indicated th 
effect of this hardness of the finished weld repair. |: 
nearly all cases, failure started in or near the weld repai 
while the softer parent metal tended to flow or distor! 
greatly before fracture. 

It is hoped that the material presented in this pape! 
will prove of assistance to those whom the use of tr 
panning may benefit. The University of Oklahoma is 
glad to be of service to the Welding Industry and wil! 
continue such investigations that may be of service 1 
obtaining a better understanding of what actually hap 
pens in the trepanning process. A number of tests ar 
already well along. The advice, assistance and coopera 
tion of men in industrial occupations will be greatly ap 
preciated. 
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The ROLE TEMPERATURE CONTROL 


and Measurement in the Welding 


By L. R. HODELL* 


INTRODUCTION 
What Oil Well Casing Is 


When a hole is drilled in the surface of the earth to an 
oil-producing formation it is necessary to line this hole 
with some material that will resist the caving of the walls 
and the entrance of water from upper water-bearing 
formations and, further, to prevent the dissipation of the 
oil and gas into upper permeable formations. The ma 
terial used for this purpose is, today, universally steel 
pipe, usually known as casing. 


Its Two Methods of Application 


The practice, until quite recently, has been to apply 
the casing by using thread and coupled joints. Threads 
are cut externally on each end of the joints of casing, and 
the joints are then held together by internally threaded 
couplings. A new practice is becoming increasingly 
prevalent—namely, that of welding the joints together. 


The Basis for the Successful Use of Welding 


A satisfactory weld is one that has adequate strength 
and ductility and is free from quench cracks. To obtain 
such a weld under the conditions that must be met in the 
welding of casing necessitates the employment of a pro- 
cedure that is exactly suitable. It has been found that 
the knowledge and execution of correct procedures are 
dependent on the ability of the operator to predict, mea 
sure and control the changing temperature in a cooling 
weld. 


I. CHANGES IN STEEL DUE TO TEMPERATURE 


When the temperature of a piece of steel rises from 
atmospheric to the melting point, then cools to atmos- 
pheric temperature once more, there are physical and 
metallurgical changes which take place and there are 
lactors which cause these changes to vary. 


* The above article is based on a paper presented by Mr. Louis R. Hodell! 
at the recent Symposium on Temperature of the American Institute of Physic 
The Institute will later publish a book containing essentially all of the papers 
Presented at this symposium. 

| Research Engineer, Carter Oil Company, Tulsa, Okla 
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of Oil Well Casing 


Physical Changes 


A. Changes in Crystalline Structure-——The usual 
crystalline structure of casing steel at atmospheric tem 
peratures is the body-centered cubic. If the tempera 
ture of this type of steel is increased from atmospheric 
it will eventually reach a temperature such that any 
further increase in temperature will cause such a change 
in the crystal potential as to demand a rearrangement of 
atoms in the crystals. This rearrangement will still 
leave the crystals in the cubic system, but it will now be 
what is known as a face-centered cubic crystal. The 
temperature at which this change will take place will 
usually be between 1300° and 1700" F. 
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Thermal Critical Curves Showing Influence of Variation 
in Carbon Content. 


Fig. 2 


B. Consequent Volume Changes.—The face-centered 
cubic crystals are more economical in the space which 
they occupy; therefore, if the volume of a piece of steel is 
measured during an increase in temperature, it will be 
found that this volume increases in a fairly straight line 
relation with the temperature to the point where this 
change in crystalline form takes place. Then, owing to 
the fact that the face-centered cubic crystals occupy less 
space than do the body-centered, the volume of the steel 
will cease to increase with the temperature and will, in 
fact, decrease while the temperature is still increasing. 
This transformation from the body-centered to the face- 
centered crystals is not instantaneous but takes place over 
a relatively short time. During this short time the vol- 
ume in the piece of steel will decrease. However, as 
soon as the transformation has taken place and the 
steel is all made up of face-centered cubic crystals, this 
decrease in volume will cease and the volume will again 
increase as the temperature increases. 

The volume and temperature changes may be mea- 
sured by instruments known as dilatometers, designed 
for recording changes. In Fig. 1 will be seen a typical 
dilatometer curve. The two points of this curve at which 
volume reversals occur during the increase in tempera- 
ture are known as the critical points on heating, the lower 
being known as the Ac; point and the higher as the Ac; 
point. The time or temperature existing between the 
Ac, and Ac, points is usually referred to as the critical 
range on heating. 
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Effect on Rockwell Critical Points by Addition of Alloys 
to 0.30-Per-Cent Carbon Steel. 
Fig. 4 


In Figs. 2 to 7 will be seen additional curves of th: 
same sort as presented by L. H. Winkler, of Bethlehem 
Steel Company, to the American Petroleum Institute at 
New Orleans, 1939. 

C. The Change in Magnetic Permealility—In addi 
tion to the changes in volume and crystalline structur: 
there are a number of other changes which take plac 
when the steel passes through the critical range. How 
ever, it is desired to consider only those which bear o1 
the practical problem under consideration; therefore 
only the change in magnetic permeability will be cor 
sidered other than those which have already been dis 
cussed. As the heating steel enters the critical range, 
the magnetic permeability of the steel decreases rapidly, 
and by the time it has passed through the Ac; point, 
leaving the critical range, the magnetic permeability has 
almost completely disappeared. 

D. The Physical Changes on Cooling.—lf this piece 
of steel now is allowed to cool the changes will roughly 
reverse themselves. First, the change in crystalline 
structure from the face-centered back to the body-cen 
tered cubic will take place, but there will be a lag in the 
point at which it takes place as compared with the points 
at which it took place in heating. The reversal to the 
body-centered cubic will always take place at a lower 
temperature than the transformation from the body 
centered to the face-centered took place. 

As the changes in crystalline structure take place, the 
volume changes necessarily accompany them. A slow! 
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Effect on Rockwell Critical Points by Increasing the 
Carbon Content of an Alloy Steel. 
Fig. 6 


cooling piece of steel, on reaching the top of the critical 
range on cooling, ceases to shrink and begins to expand, 
continuing to expand until the critical range has been 
passed through, that is, until transformation from the 
face-centered to the body-centered crystals is complete, 
when the steel will cease to expand and will again begin 
to contract linearally with the decrease in temperature 

The temperature at which the magnetic permeability 
begins to return during the cooling of a piece of steel is 
essentially the same as that at which it was lost on heat- 
ing the piece of steel. It may be a mistake to regard this 
as a point on the cooling curve, or, for that matter, on the 
heating curve. We have not discerned a point; on the 
other hand, we have found that magnetic permeability is 
lost on heating over a range of temperatures and returns 
on cooling similarly over a range of temperatures. It 
has been found that, while the permeability begins to 
become measurable on cooling at essentially the same 
point at which it is lost to measurement on heating, this 
permeability increases as the steel continues to cool until 
the Ar; point is passed. So far as it was possible to de 
termine the end of the increase of the magnetic per 
meability on cooling was simultaneous with the passage 
of the Ar, point. The importance of this finding will 
be made clear further on. 


Metallurgical Changes 


Casing steel is made up of two constituents—pearlite 
and free ferrite. Pearlite is a mechanical mixture of 
cementite and ferrite. Cementite is iron carbide, and 
ferrite is iron in a body-centered crystal form. The 
steel used in the casing then is pearlite, which is a mix- 
ture of cementite and ferrite and free ferrite. 

When the temperature of this steel is increased through 
the critical range, these metallurgical and chemical dis 
tinctions are lost and the steel passes into the form that 
isknown metallurgically as austenite, in which the ferrite, 
the iron carbide, etc., have lost their identity and have 
become a relatively homogeneous mass. In the welding 
of casing this will, of course, happen at and in the near 
vicinity of the weld. 

If the metal is now allowed to cool slowly, the metal 
lurgical transformation will reverse itself, the change 
taking place from austenite to a mixture of pearlite and 
free ferrite. If, however, the cooling velocity is increased 
to an appreciably higher velocity, a different transfor 
mation will take place, resulting in a mixture of some 
pearlite and of some martensite. 

It is not within the scope of this paper to discuss the 
metallurgical mechanism involved. It is sufficient to 


point out that the transformation product known as mar- 
tensite is a very hard and strong material with little duc- 
tility, frequently containing cracks. It is, therefore, 
highly undesirable in a weld. 


Il. FACTORS VARYING THE CHANGES 


In a weld that has been skilfully applied (it being 
understood that in this case “‘skilfully’’ refers to the 
manual dexterity of the welder) the most convenient 
measure of the reliability of the weld will be its final 
hardness. The AMERICAN WELDING SOCIETY sets as 
200 Brinell the maximum hardness which is permissible 
in good practice in a weld that is not to be preheated, 
stress-relieved or annealed. In the practice of welding 
casing we accept this as a limit upon which to design 
our welding procedures. 

The final hardness of a weld is a measure of the constit- 
uent transformation products composing it. If the 
products are pearlite and ferrite, the hardness will not 
be great. As increasing proportions of the pearlite 
and ferrite are changed to martensite, the hardness of the 
weld will increase. It has already been pointed out that 
the transformation products vary with the cooling ve 
locity to and through the critical. These products also 
vary with the chemical composition of the steel. Figures 
S and 9 represent the results of an experimental program 
to determine this relationship. The measurement of the 
cooling velocity in each of the cases shown here was 
made at 1300° F. Velocities resulting in hardness of 
200 Brinell or less are regarded as acceptable. Examina 
tion of these figures show what, if any, limiting velocity 
exists for each steel. 

It is apparent that the cooling velocity of the weld 
has been arbitrarily measured at 1300° F., this being 
regarded as immediately above the critical range of most 
of our casing steels. It must be further pointed out, 
however, that the position of the critical range on cooling 
is dependent on the cooling velocity. The higher the 
cooling velocity, the more the critical range will be de 
pressed in its temperature of occurrence. 

Since in welding casing it is necessary for a prompt 
fulfilment of the job to lower the pipe as soon as possible 
after completion of the weld, it is of the utmost impor 
tance that the time at which the critical range has been 
completely passed through be accurately known. Low 
ering the hot weld into the drilling fluid before the tem 
perature has passed through the Ar; point on cooling will 
greatly increase its cooling velocity above the critical 
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point, and, has already been stated and illustrated in 
Figs. 8 and 9, the result will be a greatly hardened weld. 
It is necessary, therefore, to delay the lowering of the hot 
weld into the drilling fluid until after the Ar; point has 
been passed. Further, it is necessary to the efficient 
accomplishment of the job not to delay, after the An 
point has been passed, in the lowering the casing and 
consequently the hot weld into the drilling fluid. 


passed through. 
threefold. 


Analytical 


previously. 


III. TEMPERATURE CONTROL IN A COOLING WELD 


where k = 
rhe problem, then, of setting up a welding procedure oo 
for the successful welding of casing may be seen to con  - 


sist of: (1) Being able to anticipate and control the tem 
perature of any point in the weld at any time after its 
completion. This, of course, implies an ability to de 
duce the cooling velocity of any point in the weld at any 
time after its completion. (2) Of being able to antici 
pate and know when the Ar, point actually has been 


is given by: 


The attack of the problem has been 
It may be summarized as (1) analytical, 
(2) experimental and (3) instrumental. 


ky = 


diffusivity, 
temperature and 
a radiation constant. 


HARDNESS VS COOLING VELOCITY 
IN TYPICAL CASING STEELS 


dé 


dt 


t American Physical Society, Washington, December 1938. 
August issue of the Journal of Applied Physics, 10, p. 578-585 (1939) 


W.A. Bruce has developed an equation describing the 
cooling of a circumferential weld and it has been give; 
The fundamental heat equation is: 


W. A. Bruce has shown that the temperature produced 
by a number of welders completing a weld on thin casing 
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= calories per second, 
K = conductivity, 
240 b = wall thickness of the casing, 
+ - 4 4 4 . 
vy = vertical coordinate. 
} crRovP N 
TTT Figures 10 to 22** represent a comparison of an experi- 
rT S290 eRe mental program carried on by Bruce to determine the 
g temperatures of the cooling weld in casing, as compared 
= + Se with the temperatures arrived at by means of his equa- 
: rll rTTTITLeet tion. The smooth curve represents the equation and the 
@CSSTHHR BOOKS circles, the experimental points, see Table 1. From a 
+ ‘SSeeeees practical point of view it is very evident that there is a 
t+ close agreement between the analytical and experimental 
Tritt To results obtained. Particular attention is called to the 
{itt | fact that there is no apparent temperature anomaly in 
$ = Toot S2a8 this curve which would mark the passage of the An 
| === we Be point. This is due to the fact that the cooling of the 
T | | 7 ~ ai a4 > ‘ ‘ ‘ ‘ > 
oeNRSES i. ttt Tr weld in casing is maintained at an apparently even rate 
2 re t ptt by reason of the very considerable difference existing 
PET between the temperature of the point under consideration 
and the temperatures at other points in the circumfer- 
Fig. 22 ential weld. If only a small portion of this pipe were 
taken, a temperature anomaly would appear in the 
cooling curve but this anomaly is covered up in the cool- 
ing of the entire joint of pipe. 
It has been found practicable to make use of this 
AnK bv J nw * 47 method of calculating and predicting the temperatures 
a v of a weld under any given set of welding conditions. 
(a = 2 — an)? +9 Since this equation has been successful in giving a 
ves x .. practically acceptable representation of the temperature 
r behavior in steel on cooling, it is apparent that the cooling 
where w = separation of the welders velocity at any time may be obtained by differentiating 
v = velocity the equation for the temperatuge existing at that time. 
T = time a welders break arc Figures 23 to 26 illustrate predictions resulting from com- 
q putations of the temperature and cooling velocity in a 
q’ = ry? 
: 4rKb ** American Petroleum Institute, New Orleans, May 1039 
In Figures shown below and in Fig. 26 it is assumed that an equal amount of electrode was deposited on each ber 
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weld and, therefore, by implication the planning of the 
proper procedure for a satisfactory weld. 

It is seen, then, that the first of the problems in con- 
nection with the setting up of a proper welding pro- 
cedure, namely, ability to predict and control tempera- 
tures in welding, has been met both analytically and 
experimentally. The second problem, namely, the 
ability to predict and to know when the Av; point has 
been passed, has been attacked both experimentally and 
instrumentally. In Figs. 27 and 28 will be seen results 
of experimental work done on eight different casing 
steels for the purpose of determining at what actual 
temperature the Ar, point was passed through under a 
range of cooling velocities. The test procedure was as fol- 
lows: A thin bar '/sin. square and 1 ft. long was cut from 
a piece of casing to be tested. A furnace, consisting of 
a coil of Nichrome wire, was wound over mica insulation 
along the length of the bar. This furnace could heat the 
bar to 1800° F. One end of the bar was fixed, and the 
other was connected to a spindle and mirror combination. 
As the bar expanded, or contracted, the mirror rotated 
and a light shining on the mirror traced out a spot along 
a calibrated screen. With the aid of air, CO, and water, 
the bar was cooled at various rates, and the critical points 
marked for each of these rates of cooling. At the same 
time that this observation was made on the volumetric 
change, an observation on the magnetic permeability was 
made. Figure 32 indicates this apparatus used. As a 


BRATED SCREEN 


Fig. 32 


result of this experimental program it was learned that 
when considering any given sample of steel taken from 
casing, repeatable results were obtained with good ac- 
curacy. It was found, however, that there would be some 
variation in the results obtained from two specimens taken 
from the same joint of pipe. This is due to the fact that 
commercial casing steel varies to some extent chemically 
from one point to another. It is felt, then, that the re- 
sults of the experimental attack on this problem are not 
conclusive. It was originally hoped that it would be pos- 
sible to determine experimentally the Ar, point for a 
sufficient variety of casing steels so that the operator 
would need only to refer to a table. This, however, not 
being possible for the reason just stated, namely, the 
commercial casing steel varies from point to point in 
chemistry and consequently in the position of the Ar, 
point in the cooling curve, the problem has been attacked 
instrumentally. 

It is at this point that use is made of the knowledge 
that has been gained of the physical changes that take 
place simultaneously with the metallurgical changes 
when the steel cools through the critical range. The 
objective, as has already been stated, is to obtain a weld 
that has not been hardened due to rapid cooling vek city 
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above and through the critical range Chis objective 
is attained by setting up a welding procedure which will 
give the steel in question a cooling at sufficiently slow 
velocity that the transformation products on cooling 
will be ferrite and pearlite and not martensite. Since, 
however, it is important for practical reasons to shorten 
as much as is feasible the delay in lowering the casing 
after the completion of the weld, it is necessary to 
know, not only the proper cooling velocity (the velocity 
being measured at 1300° F.), but also the time or tem- 
perature when the cooling velocity no longer has any 
influence on the transformation products. When such 
a temperature has been reached, the casing may be low- 
ered into the drilling fluid without affecting the weld. 
Since the temperature desired is the temperature at the 
Ar, point, the problem of instrumentation is to record 
accurately by some simultaneous signal the passing of 
the Ar, point. It has been pointed out that, in cooling 
steel, the magnetic effect reaches a maximum when the 
cooling temperature passes through the Ar point. 
Obviously, then, an instrument which will measure the 
changing magnetic permeability in cooling steel will, 
when it records the permeability at a maximum value 
indicate that the Ar, point has been passed and that, 
therefore, the weld may be lowered into the drilling 
fluid without damaging it by the formation of martensite. 

Any of a large number of arrangements would give 
such a record. One of such is shown in Fig. 29. In this 
figure will be seen what amounts to a magnet which is 
applied across the weld and arrangements made so that 
changes in the magnetic permeability, when they occur, 
will be picked up and amplified, and recorded on a meter 
In this design, D.C. current is used and a D.C. ampli 
fier, the current being supplied from a battery. If read 
ings are made on the meter simultaneously with the tem 
perature decline, a record similar to that in Fig. 30 will be 
obtained which shows that with this instrument there is 
an increase in the dial reading to a maximum and then a 
falling away to zero again. When the hand on the 
instrument has fallen back to the zero point the Ar, point 
in cooling has just been passed. In Fig. 30 it will be 
seen that the Ar, point has been passed at approxi 
mately 1165 It would be possible to set up a device 
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to measure this, using A.C., in which case a record of the 
instrument readings against temperature would be simi- 
lar to those in Fig. 31. It would be possible to use an 
oscilloscope and, in fact, this has been used for this pur- 
pose. Further, there is probably a large number of other 
devices which may be used to measure the growing mag- 
netic permeability in the cooling weld. When this per- 
meability has reached its peak, the Ar, point has been 
passed and the hot weld may be lowered into the water 
without danger. 


SUMMARY 


It has been demonstrated that the problems of tem- 
perature prediction, recording and control must be 
satisfactorily solved to make possible efficient welding of 
oil well casing. Temperature prediction is done by 
means of mathematical analysis. The control of the 
temperature is obtained by reasoning from the predic- 
tions made as a result of the mathematical analysis. In 
the practical application of these methods to the running 
of oil well casing, the planning of the welding procedure 
is made in this manner. This leaves the problem of de- 
termining accurately the passage of the Ar, point in the 
cooling of the hot weld. The approximate position of 
the Ar; point, as it varies with cooling velocities, has been 


Welds in Mauretania 
Steel 


By B. P. HAIGH 


ing high-tensile plates, tensile, bending and fatigue 
tests were made on samples cut from one of the 
silicon steel plates of the earlier Mauretania. One of the 
high-tensile plates of this famous vessel was re-investi- 
gated after many years of successful service. 
The analysis of the particular plate tested was: 
0.31 0.79 0.83 0.025 0.040 
Thus, the carbon and manganese are high enough to 
raise doubts as to the reliable ‘“‘weldability’’ of the steel, 
while the high silicon is a feature that has fallen out of 
fashion and is not at present regarded as favorable to 
arc-welding. 
The tensile figures for a sample cut from the plate “‘as- 
received”’ without heat treatment are as follows: 


7. INDICATE what can be accomplished in weld- 


Lower yield point Ib. /in.? 47,000 
Ultimate tensile strength i 74,500 
Actual stress caused by reduced load on re- 

duced cross section at fracture _ 143,000 
Reduction of area at fracture per cent 59.3 
Elongation on 8 in. _ 24 


Thus, the lower yield point is almost exactly 60 per cent 
of the ultimate and approximately 25 per cent higher 
than in steel having a tensile strength of 63,000—67,000 
Ib./in.*, although the actual stress on the ductile fracture 
is not much higher than in other steels. 

The plate was cut into four parts, and three of these 
were sub-divided and welded by three different processes 

Abstract from the Eighth Andrew Laing Lecture of the North East Coast 


Institution of Engineers and Shipbuilders: ‘‘Electric Welding as an Integral 
Part of Structural Design,’’ by Professor B. P. Haigh. 
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determined experimentally but because of the varying 
chemistry of the commercial steels, this experimental 
method has not been found suitable for more than q 
rough prediction and it has been supplemented by 
instrumental means of determining the actual passage of 
this critical point. The basis of the instrumentation 
which makes this determination is the determination of 
another physical property, namely, the growth of mag- 
netic permeability which reaches a peak simultaneously 
with the passage of the Ar point. 


CONCLUSION 


During the year 1939, The Carter Oil Company, mak- 
ing use of the principles and methods described in this 
paper for arriving at proper welding procedure and con- 
trol of the procedure, ran 976,049 ft. of casing in 635 oil 
wells. The casing was 5!/, in., 6 in. and 7 in. in diam- 
eter. The total tonnage of steel involved was 6916, and, 
inasmuch as the joints were slightly under 40 ft. average 
length, the total number of welds involved were approxi- 
mately 25,000. In this entire program, no cracked, leak- 
ing or faulty weld was discovered. No failures occurred, 
no difficulties were encountered, and the program was 
quite profitable to the company as compared to the use 
of the conventional thread-and-couple joint. 


in general use in current practice. Two were welded by 
hand, with different seams, currents and electrodes; 
while the third was welded by the “‘Unionmelt”’ process 
and gave quite phenomenal results in bending tests and 
in fatigue. All the samples tested in bending and in 
fatigue were of the full thickness of the ’/s-inch plate, but 
the excess metal deposited in welding was trimmed off 
and the surfaces of the welds were roughly ground in the 
manner that is customary for boiler-making. The sur- 
faces were not fine-ground or polished. 

The limiting safe alternating stresses found in samples 
with black surfaces on the plates and with the welds 
ground flat with coarse wheels in the manner that is 
customary in boiler-making are: 

(1) Hand-welding with electrodes producing a de- 
posit slightly softer than the plate, breaking through the 
middle of the deposit, = 19,000 Ib./in.* 

(2) Hand-welding, with electrodes giving a notably 
clean deposit, that also broke through the weld in this 
high-tensile steel = 21,300 Ib./in.* 

(3) Unionmelt samples, breaking in the plate section 
in contact with the end of the deposit, or through the de- 
posit + 29,100 Ib./in.? 

The last-mentioned result is of some special interest 
as it represents the highest fatigue strength up to the 
present recorded at Greenwich in any welded samples 
tested with black surfaces. The results for the individual 
pieces in the series were notably consistent, and the high 
figures are considered encouraging, not only for the proc- 
ess of welding employed but also for the use of high-ten- 
sile silicon steel. 

One of the V butt weld fatigue specimens was bent 
open after the test by means of a hammer. Instead of 
breaking in a brittle manner from the bottom of thie 
notch formed by the fatigue crack, it bent open gradually 
in the most ductile manner. This result is unusual, for 
the fatigue crack constitutes a notch of extreme sharp 
ness; and the fact that the cracked pieces bent in such 
a ductile manner is regarded as high testimony of the 
capacity of the steel for welding without injury. 
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FLAME CUTTING NON-FERROUS 


Metals and Non-Metallic Materials 
and Oxidation of Metals at 


Elevated Temperatures 
A Review of the Literature to July 1, 1938 


By W. SPRARAGEN* and G. E. CLAUSSEN’ 


This report is prepared under the auspices of 
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Summary 


The methods now employed for flame cutting non- 
ferrous materials do not depend on oxidation for their 
success, and thus differ fundamentally from the process 
of oxygen cutting used for steel. 


NON-FERROUS METALS 
Copper and Its Alloys 
The carbon are process is a useful method for cutting 


* Secretary, Welding Research Committee. 
' Research Assistant, Welding Research Committee. 


copper alloys which, in general, are not amenable to cut- 
ting with the oxygen torch. 

In 1919 the flux cutting or sapdwich method was de- 
veloped in which brass and bronze plates to be cut are 
sandwiched between so-called waster plates of steel. 
The acetylene torch may be employed freely by compe- 
tent operators for cutting risers on brass and bronze cast- 
ings. In large foundries the acetylene torch is used for 
cutting bronze sheets and scrap castings to charging size. 


Lead and Aluminum 


A patented torch for cutting lead by melting consists 
of a central nozzle for the flame, which may be oxyacety- 
lene, oxy-hydrogen or oxy-city gas, with a surrounding 
jet for delivering cool gas to the sides of the cut. Air or 
nitrogen sucked in by an oxygen injector is ordinarily 
used for cooling. 


Zinc 

Zinc is difficult to cut. 
oxygen lance. 
Nickel 


A writer in Scotland cut nickel sheets with a coal gas 
torch and an auxiliary torch supplying nitrogen, pre- 
sumably to cool the edges (no details). 


Holes may be bored with the 


NON-METALLIC MATERIALS 


Concrete 


In cutting a hole 4'/» inches diameter through a con 
crete wall 7'/> feet thick, an operator placed steel scrap 
in a shallow drilled hole and used an oxygen lance to 
melt the scrap. The high temperature disintegrated 
the concrete, a fluid mixture of iron oxide and concrete 
flowing from the hole. The hole was cut at the rate of | 
ft./hr. and the total oxygen consumption was 1400 cu. ft. 
for a hole 6'/, ft. deep. 
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Other Non-Metallic Materials 


The oxygen lance often is used to cut large masses of 
slag. A combustible substance such as Ca(CN), or a 
little flux aids the cutting action in slags. 


OXIDATION OF METALS 


The failure of the oxygen-cutting process to cut any- 
thing except iron, high-iron alloys and possibly manga- 
nese and one or two other uncommon metals is not easily 
explained. It is true that cutting torches can sever 
practically any non-ferrous metal by melting, but oxida- 
tion, if it is a factor at all, is a minor one. Four main 
reasons have been advanced for the failure of the oxygen- 
cutting process when applied to the majority of metals. 

1. The metal has a low or negative heat of oxidation. 

2. Intergranular penetration of the oxide into the 

metal does not occur. 

5. The melting point of the oxide is higher than the 

melting point of the metal. 

4. The ignition temperature is higher than the melt- 

ing point of the metal. 


Oxidation of Steel 


When plain carbon steel (0.15 C) is heated in oxygen 
above 1260° C. the reaction proceeds with such rapidity 
that the heat of oxidation is not conducted from the seat 
of reaction by the flowing gases or surroundings with 
sufficient rapidity to prevent rise in temperature of the 
steel. Therefore, the specimen is completely oxidized 
in a very short time. In air, CO, and steam the same 
phenomenon is observed above about 1350° C. These 
temperatures are in the vicinity of the melting point of 
the scale. Several investigators confirm the fact that 
the oxidation rate suddenly increases when the scale 
melts. The ignition temperature depends on the degree 
of subdivision and for iron ranges from — 15° C. for pyro- 
phoric powder, through 900° C. for thin wire, to above 


1260° C. for large masses. The lower ignition tempera- 
ture of material of smaller cross section is taken advan- 
tage of by operators who, before commencing cuts on 
large cylindrical shafts, raise a small burr at the start- 
ing point by means of a chisel. The ignition of the burr 
supplies liquid oxide for propagating the ignition to the 
massive steel. The liquid oxide may provide a more in- 
timate and concentrated supply of oxygen to the steel 
than the cutting jet, which, besides, is quite cool. In 
this way the thermal capacity of the cold shaft is over- 
come. 

The following metals have been ignited as massive 
solids: 


Cerium—400-550° C. 

Magnesium—550—600° C. (chips) 

Tantalum—600° C. 

Manganese—900—-1200° C. 

Titanium—1200° C. (wire) 

Iron——900-1100° C. (wire) 

Iron—above 1260° C. (cylinders °/s-inch diameter, 
2'/, inches long). 


It seems probable that any metal with appreciable heat 
of oxidation can be ignited, if it is sufficiently finely 
divided. 

The effect of alloying elements on the oxygen cutting 
of metals can scarcely be evaluated in view of the uncer- 
tainty about the essential characteristics of the cutting 
of unalloyed metals. If the alloying element has a 
higher heat of oxidation than the metal, it should favor 
ignition. Whether it also favors oxygen cutting cannot 
be predicted. Aluminum and silicon have higher heats of 
oxidation than iron, and their oxides lower the melting 
point of FeO. Yet both elements are unfavorable to 
oxygen cutting. Nickel, which has a low heat of oxida- 
tion, appears to act asa neutral diluent in iron, gradually 
increasing the difficulty of flame cutting by diluting the 
scale with metallic nickel. Manganese, itself susceptible 
to oxygen cutting, seems to have little effect on the oxy- 
gen cutting of iron. 


Flame Cutting Non-Ferrous Metals and Non-Metallic Materials 


INTRODUCTION 


T IS well known that many non-ferrous and non- 
metallic materials may be severed by local melting 
with an electric arc (see review of literature on Arc 

Cutting) or with a flame in the same way that ice can be 
cut by a jet of steam.' The methods now employed for 
flame cutting non-ferrous materials do not depend on 
oxidation for their success, and thus differ fundamen- 
tally from the process of oxygen cutting used for steel. 
Owens* recommended the use of an iron rod fed into the 
cut in cutting non-ferrous metals (process patented in 
1911), but aside from Semmer’s* use of this principle in 
cutting concrete and a vague reference by a Canadian 
journal‘ to the use of a white-hot bolt to supply heat in 
lance cutting non-ferrous materials, nothing has been re- 
ported about the process. The following sections, which 
summarize the available information on methods of 
flame cutting non-ferrous materials, are concluded with 
a survey of the main facts associated with the oxidation 
of metals at elevated temperatures. 
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NON-FERROUS METALS 


Copper and Its Alloys 


Early investigators realized that copper could not be 
oxygen cut. Kagerer,> for example, in 1909 could not 
cut a copper plate 0.59 inch thick with oxy-illuminating 
gas or oxyacetylene cutting torches and Endress® had a 
similar experience in 1910. Today, as Hook’ points out, 
the carbon are process is a useful method for cutting 
copper alloys which, in general, are not amenable to 
cutting with the oxygen torch. Arc cutting of copper is 
described by Candy* and Bissell,? among others, and is 
mentioned in the Review of Literature on Arc Cutting. 
Hagglund” cut a manganese bronze propeller '/; to 1|'/: 
inches thick under water at a depth of 20 ft. at 33° F. by 
means of the carbon arc. 

Despite difficulties, Tucker'' and Bermann™ su 
ceeded in making rough cuts in copper with the torch, 
but, as a writer'* in 1915 stated, the metal was melted 
The welding torch rather than the cutting torch had to be 
used in cutting bronze runners from castings and tiie 
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process was long and costly, the cuts being rough. With 
ordinary methods rough cuts are all that is possible with 
the oxy-city gas torch according to Gas Engineer,'* who 
point out the likelihood of loss of zinc in cutting brass. 

In 1919 the flux cutting or sandwich method was de- 
veloped’® in which brass and bronze plates to be cut are 
sandwiched between so-called waster plates (Intnl. Acet. 
Assn. Oxy-Acetylene Committee Report 1933, p. 62) of 
steel. Recently Schneider'® used a powerful melting 
flame combined with an annular jet of cool nitrogen to 
cut copper. The nitrogen jets cooled the edges of the cut 
and preserved a narrow kerf. Aside from slag viscosity, 
the high thermal conductivity of copper was Schneider's 
greatest difficulty. A similar torch*® utilizing an oxy- 
coal gas flame was described in 1932 for cutting copper 
sheets. Henrion® reports that blast-furnace tuyéres 
made of copper '/: inch thick can be cut with a cutting 
torch designed for cast iron by using the most powerful 
tip and as low cutting oxygen pressure as possible so as 
not to cool the molten copper. The cut is rather wide 
and irregular. 

The present position is summed up by Dwyer’? who 
finds that, so far as affecting the metal is concerned, the 
acetylene torch may be employed freely by competent 
operators for cutting risers on brass and bronze castings. 
In large foundries the acetylene torch is used for cutting 
bronze sheets and scrap castings to charging size. 


Lead 


In 1914 Harding'* described the melting out of lead 
calking from joints in large water mains. A recent 
writer'* reports that all the lead is recovered in this proc- 
ess, which is facilitated by adding a narrow tube as an 
extension to the tip. Bermann’ made a rough cut in a 
white metal with an oxyacetylene cutting torch. Lead 
plates 1 inch thick were cut with an oxyacetylene welding 
torch by an English writer,?° who ‘‘pointed the cone of 
the flame at mid-thickness.’’ The kerf was '/s inch wide 
and the process was quicker than sawing. Chaffee* 
recommended the carbon arc for scrapping lead parts. 

A patented process for cutting lead by melting is de- 
scribed by Holler and Schneider.*!| The torch, Fig. 1, 
consists of a central nozzle for the flame, which may be 
oxyacetylene, oxy-hydrogen or oxy-city gas, with a sur- 
rounding jet for delivering cool gas to the sides of the 
cut. Air or nitrogen sucked in by an oxygen injector is 
ordinarily used for cooling. If oxygen is used the edges 
of the cut are coated with a thin layer of oxide. With 
lead 0.47 inch thick and oxygen at 14 Ib./in.* the cut was 
smooth, shallow ridges only being present, but molten 
drops adhered to the lower edge of the cut. These did 
not form if the oxygen pressure was increased to 42 Ib./- 
in.*, and the surface remained smooth, although the same 
gas mixture was used for both cuts. The first cut had 
sloping sides, the second had vertical sides. The kerf 
was 0).06—0.08 inch wide and the cutting speed was 60 to 
100 ft./hr., depending on the oxygen adjustment. Ac- 
cording to Courard,”* the annular jet of air and oxygen 
expels the molten metal from the cut. 


Zinc 


The rough edge obtained in the cutting of zinc sheet 
was attributed by a writer** in Scotland to the burning 
of the zinc. He had tried a coal gas torch with external 
jet of nitrogen, which was successful with copper and 
brass, but had no success with zinc. An arc in a partial 
vacuum created too much ZnO. If the cutting arc was 
enclosed in a moving box that enclosed the zinc to be 
cut on all sides cutting was possible, but the surfaces 
were rough and Zn with ZnO clogged the vacuum pump. 
A method for flame cutting zinc cathodes 3'/, X 2 ft., 


weighing 40 Ib., remains to be developed. Perhaps a 
high nitrogen pressure should have been used to prevent 
vaporization of zinc. Holes were burned in zine sheet 
as early as 1904 by Harris** by means of an acetylene 
torch, but it was block zine that gave the recent writer 
most difficulty. A hole 2 inches diameter was drilled 
through a chunk of zinc 5 ft. thick containing 1% lead 
in seven minutes, according to Industrial Gases,*® by 
means of an oxygen lance consisting of '/,-inch steel pipe. 
When oxidation commenced large volumes of fumes were 
given off. 
Nickel 

According to Holler and Schneider,*' nickel cannot be 
oxygen cut. However, Horn*® was successful in flame 
cutting it (no details), and a writer in Scotland*®* cut 
nickel sheets with a coal gas torch and an auxiliary 
torch supplying nitrogen, presumably to cool the edges 
(no details). 


Aluminum 


A torch similar to that used by Holler and Schneider 
for cutting lead was used by Schneider'® in cutting alu- 
minum plates up to 0.59 inch thick. The width of kerf 
was large and depended on the distance between the 
central melting flame and the annular cooling jet. 


Other Metals 


Wiss*’ found that manganese may be oxygen cut with- 
out preheating. Chromium could be oxygen cut only 
when it was preheated white hot. Before assembly on 
oil well drill bits, pieces of cobalt-tungsten carbide were 
grooved by Timofeev** using an oxygen torch or arc. 


NON-METALLIC MATERIALS 


Concrete 


Although cement was used in bank vault construction** 
in 1912 for its resistance to flame-cutting torches, it was 
only a year later*’ that a hole 2*/, inches diameter was cut 
in 2'/, minutes through a slab of reinforced concrete S 
inches thick containing two steel rods */, inch diameter 
by means of a cutting torch (50 Ib./in.* oxygen, 20 Ib. /in.? 
acetylene). The process has not been developed to any 
extent. 

In cutting a hole 4'/2 inches diameter through a con- 
crete wall 7'/> feet thick, Semmer* placed steel scrap in a 
shallow drilled hole and used an oxygen lance to melt 
the scrap. The high temperature disintegrated the con- 
crete, a fluid mixture of iron oxide and concrete flowing 
from the hole. The hole was cut at the rate of | ft./hr. 
and the total oxygen consumption was 1400 cu. ft. for a 
hole 6'/, ft. deep. A Polish writer*® found that concrete 
5 inches thick was easier to cut than cast iron of the same 
thickness, because during cutting the surface of the con- 
crete does not oxidize but crumbles instead. The disin- 
tegrating action of high temperature on concrete is often 
observed during fires or lightning storms.*!' Semmer’s 
achievement was quite slow in comparison with the hole 
(6 inches diameter at bottom, | inch diameter at top) 
cut through a concrete slab 1 ft. thick in 10 minutes by 
Johnson,** who used a plain welding torch directed up- 
ward against the slab. Since protection from flying 
pieces of aggregate was important, the cutting probably 
proceeded partly by disintegration. In 1921 it was found 
that new, moist concrete offered less resistance*! to the 
oxyacetylene welding torch than old concrete. The 
formation of steam in the new concrete favored its dis- 
integration. 
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A cutting torch for cast iron is recommended by 
French writers*®** for cutting slag. A cut 15 inches long 
was made in 18 minutes in a concrete slab 2'/s; inches 
thick consisting of equal parts of cement, sand and slag 
aggregate. Oxygen consumption was 2.6 cu. ft./in.?’, 
which is about 25 times as much as for steel of the same 
thickness. The cut was 0.79 inch wide on the lower side 
and 1.6 inches wide on the torch side. Although no 
cracks were observed, the cut was rough and its surface 
was vitrified. Cement blocks and concrete reinforced 
with rails also were cut. Oxygen consumption deter- 
mined by Holler and Schneider*! for cutting concrete 1.9 
inches thick at the rate of 0.59 inch/minute was 53 cu. ft. 
oxygen per hour. The oxygen pressure was 171 Ib./in.? 
and the melting point of the concrete was 1400—1450° C. 
Thicker material was very difficult to cut. The slag had 
a glassy appearance. 

Cutting laminated steel 1'/, inches thick backed with 
concrete_(no details) gave Sorrensen** no trouble, if an 
oxyacetylene cutting torch and oxygen at 40 Ib./in.* 
were used. Cast-iron water mains lined with concrete 
5/, inch thick have been cut*® with a high-power welding 
torch. The white cone was pushed !/s inch into the cast 
iron with a continuous movement in the direction of the 
cut. The concrete did not splutter and fly at the opera- 
tor as it did with a cutting torch. 


Other Non-Metallic Materials 


The oxygen lance often is used to cut large masses of 
slag, as described by Schwarz* in 1906. A combustible 
substance such as Ca(CN), or a little flux aids the cutting 
action in slags. In lancing holes in rock or stone,*’ an 
acid material should be used to flux basic rock, and vice 
versa. Fluorspar may be used to flux basic rock, such 
as granite. For exceedingly acid rock which is resistant 
to the basic iron oxide created by combustion of the lance 
pipe, lime, sodium chloride or sodium carbonate may be 
used as flux. Borax increases the fluidity of the fluxed 
stone. An oxyacetylene torch should be used to fuse a 
hole */, inch deep to supply adequate heat before the 
lance is applied. 

An oxyacetylene flame 6 feet long, 6 inches wide is 
used to split rocks in South African gold mines.** Holes 
were melted in asbestos by Harris** in 1904 with the aid 
of an oxyacetylene torch. A “‘cement’’ consisting of iron 
borings, sulphur and salammoniac used as packing for 
pipe joints can be cut out with a welding torch,*® which 
disintegrates the cement without damaging the pipes. 
Holes */;, to '/, inch diameter can be cut in glass '/s inch 
thick by preheating dull red in oxy-coal gas flame and 
gradually bringing an oxyacetylene cutting torch with 
preheating flames only to the point to be cut. Mild 
steel shingles coated with vitreous material’ offer no 
difficulty to the oxyacetylene cutting torch. The fused 
glass flows over the cut edge and protects it from corro- 
sion. 


OXIDATION OF METALS 


The failure of the oxygen cutting process to cut any- 
thing except iron, high-iron alloys and possibly manga- 
nese and one or two other uncommon metals is not easily 
explained. It is true that cutting torches can sever 
practically any non-ferrous metal by melting, but oxida- 
tion, if it is a factor at all, is a minor one. Four main 
reasons*' have been advanced for the failure of the oxy- 
gen cutting process when applied to the majority of 
metals: 

1. The metal has a low or negative heat of oxidation. 
2. Intergranular penetration of the oxide into the 

metal does not occur. 
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3. The melting point of the oxide is higher than the 
melting point of the metal.**.** 

4. The ignition temperature is higher than the 
melting point of the metal.‘* These explanations 
will be evaluated after the salient facts of oxidation 
have been reviewed. Other factors controlling 
oxygen cutting are discussed in the reviews on 
Oxygen Cutting Procedure and Nozzles. 


Oxidation of Solid Metals 


The important facts about the oxidation of solid metals 
have been reviewed by an English body.** A review of 
the scaling of plain carbon steel by Bandel* also is useful. 
The initial step in oxidation is adsorption followed by 
diffusion into the metal. Upon the limit of solubility 
being reached, the oxide is formed. Further oxidation 
occurs by one or more of three processes: (1) by diffusion 
of metal across the layer of oxide, (2) by diffusion of oxy- 
gen through the oxide to the metal, (3) by continuous 
exposure of the metal due to incoherence (cracking), 
fluidity or volatility of the oxide. 

If the oxide is incoherent or is continuously removed 
from the surface the amount of metal oxidized is directly 
proportional to the time of exposure. The criterion of 
incoherence is the critical density ratio, Table 1. The 
oxide is continuous if the ratio is greater than unity, but 
is unable to cover the surface oxidized if the ratio is less 
than unity. In the former event the amount of metal 
oxidized is proportional to the square root of the time of 
exposure, unless the oxide is impervious to metal and 
oxygen, for example aluminum oxide on aluminum, and 
cadmium oxide on cadmium. 


and Bedworth" 


Table 1—Critical Density Ratio. Pilling 


Metal Ratio Metal Ratio Metal Ratio Metal Ratio 
Al 1.28 Co 2.10 Mn 2.07 Th 1.36 
Ba 0.73 Cu 1.70 Ni 1.68 Sn 1.33 


Cd 1.32 Fe 2.06 K 0.51 W 3 

Cs 0.42 Pb 1.31 Si 2.04 Zn 1.59 

Ca 0.78 Li 0.60 Na 0.32 Zr 1.55 

Cr 3.92 Mg 0.84 Sr 0.69 Ti l 
Critical Density Ratio = WD/XE. 


W = molecular weight of oxide. 
D = density of oxide. 

X = formula weight of metal 
E = density of metal. 


There is an exponential relation between temperature 
and rate of oxidation, Table 2. Above relatively low 
limits (1 mm. mercury, 5 cm./sec. approximately) pres- 
sure and rate of flow of air or oxygen had no effect. For 
copper the rate of oxidation is about 1% lower in air than 
in oxygen. The difference is not essentially greater for 
iron, except above about 1250° C. at which the tem- 
perature of iron in oxygen increases spontaneously (igni- 
tion). Just beneath the scale there is a local increase of 
temperature that has not been measured, but has been 
taken into account by Heindlhofer and Larsen‘ and 
others. 

Intergranular penetration of oxide and particles of ox- 
ide within the metal beneath the scale are observed in 
iron and steel above about 900° C. in air. Small inter- 


Table 2—Oxidation Rates,*':“* Gm.?/Cm.‘/Hr. 


Temperature, ° C. 800° 1000° Composition of Oxide 

Nickel in oxygen 0.093 x10-* 3.4x10-* 78.07% Ni = 90.3% 
9.7% NisOx 

Copper in oxygen 4x 1075 50z10-§ 88.7% Cu = 98% C 
1.9% CuO 

Iron in oxygen 1.95 x 10-4 43 x10-* 75.0-75.6 Fe = 48-6 


FeO, 52-40% FesOu 
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sranular cavities may be found in steel oxidized (air) at 


50° C. With plain carbon steels (0.21-0.58 C, 0.44- 
0.48 Mn, 0.16—0.23 Si) in air at 760—1355° C. silicon is 
oxidized first and iron manganese silicates are formed.*® 
\t 1355° C. the intergranular oxide must have been 
partly molten or at least plastic for ferrous oxide had 
precipitated as dendrites within the glass or silicate 
phase. Similar results were obtained with 17 Cr and 
18-8 steels, but the rate of oxidation was only a small 
fraction of that of unalloyed steel, there was no liquid 
oxide and the oxide had a high chromium content. 

When plain carbon steel (0.15 C) is heated*® in oxygen 
above 1260° C. the reaction proceeds with such rapidity 
that the heat of oxidation is not conducted from the seat 
of reaction by the flowing gases or surroundings with 
sufficient rapidity to prevent rise in temperature of the 
steel. Therefore the specimen is completely oxidized 
in a very short time. In air, CO, and steam the same 
phenomenon is observed above about 1350° C. These 
temperatures are in the vicinity of the melting point of 
the scale. Several investigators confirm the fact that 
the oxidation rate suddenly increases when the scale 
melts. Although some investigators report a decrease 
in scaling with increase in carbon content, others have 
detected no influence up to 1.0% C. 


Ignition of Solid Metals in Oxygen 


The oxidation or combustion of solid metals in oxygen, 
like the combustion of solid fuels, seems to depend on 
two main factors: (1) the physical factor involving the 
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Fig. 1—Torch for Cutting Lead 


The fuel may be acetylene, hydrogen or illumineting ges. The oxy-fuel gas fame 
issues from the central jet, while the air jet for cooling issues from the annular jet. 
Holler and Schneider. 
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rate of supply of oxygen to the exposed surface, which 
is the governing factor at high temperatures; (2) the 
predominantly chemical factor involving the degree of 
subdivision of the metal, which is the governing factor at 
low temperatures. Ignition signifies oxidation at such 
a high rate that the temperature of the metal is rapidly 
raised by its own heat of oxidation. Two theories of the 
occurrence of ignition are considered: (1) ignition occurs 
when the heat generated by the reaction is too great to be 
conducted away to the surroundings; (2) ignition occurs 
when the length of the reaction chain becomes infinite. 
Usually the ignition temperature is considered to be the 
lowest at which the rate of generation of heat by oxida- 
tion becomes greater than its rate of dissipation under 
stated conditions. Below the ignition temperature the 
metal progressively oxidizes at essentially constant tem- 
perature. Since the ignition temperature depends on 
both factors of combustion, particularly on the degree of 
subdivision, it is not surprising that much contradictory 
evidence about the ignition of solid metals has accumu- 
lated. 

The only general rule that has been stated about the 
combustion of metals is that the maximum temperature 
attained in air or oxygen is the boiling point or sublima 
tion temperature of the oxide. The rule is based on 
approximate calculations,®° and may not be valid 


Ignition of Iron in Oxygen 


Although it has been common knowledge®! since 1782 
that solid iron burns in oxygen, the lowest temperature 
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Fig. 2—Lavroff's*? Conception of the Relationship Between the Ignition 
Temperature of Iron (Solid Curve) and the Temperature of the Kerf 
(Dotted Curve) in Oxygen Cutting 
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at which iron ignites depends on its degree of subdivision. 
The ignition temperature of polished low-carbon steel 
cylinders °/; inch diameter, 2'/2 inches long was a little 
above 1260° C. in Murphy and Jominy’s*® tests. It 
should be noted that they did not refer to this tempera- 
ture as “‘ignition’’ temperature. The temperatures in 
Table 4 apply to massive iron but are unsupported by 
experimental evidence in every instance save one. 


Table 3—Ignition Temperature of Iron and Steel in Oxygen 


Temperature, ° C Reference 


1350 (1925-1927) 

1350 Schimpke-Horn®* (1928) 

1350 Melhardt** (1933) 
1200 to 1300 Kimpflin® (1938) 

1100 Hermann® (1934) 

1050 Autogene Metallbearbeitung®’ (1914) 

1050 Horn*® (1925); Schimpke-Horn® (1938) 
1000 to 1200 Thomas*® (1924) 

1000 Bonhomme® (1938) 

930 Jakowsky and Butzler®! (1923) 

925 Carter® (1925) 

820 Witt® (1936) 


760 to 870 
700 to 820 


Moss®* (1936) 
Lake® (1909) 
700 to 820 Aston® (1910) 
520 to 870 Balliet®™ (1924) 
480 Viall® (1921) 


The exception is Jakowsky and Butzler’s investigation 
in which a Parr calorimeter bomb with electrically heated 
No. 30 iron wire (0.014 inch diameter, a few inches long) 
was used. Just before the wire burned in two the cur- 
rent and voltage were recorded. The temperature at 
ignition was determined by comparison with the electri- 
cal characteristics of a wire in a non-oxidizing atmosphere 
as the temperature was raised. The method is too in- 
direct to be reliable. Furthermore, the rate of increase 
of current was not stated despite the fact that lower rates 
than those used in the tests lowered the ignition tem- 
perature 5 to 10%. The ignition temperature decreased 
as the oxygen pressure was increased, Table 4, suggesting 
that the high-temperature phase of ignition in which 
oxygen supply is important had been entered. It was 
concluded on the basis of meager evidence that the 
higher the heat of oxidation and the lower the thermal 
conductivity, the higher was the speed of combustion of 
steels. 


Table 4—Effect of Oxygen Pressure on Ignition Temperature 
of Iron Wire. Jakowsky and Butzler*! 
Pressure, Ib./in.* Atmospheric 400 800 1200 1600 1900 
Ignition tempera 
ture, °C. 930 845 775 710 655 615 


The importance of size of specimen in determining ig- 
nition temperature was demonstrated by Tammann and 
Boehme.*® Pyrophoric iron ignited in air or oxygen a 
little below 0° C.. To determine the ignition tempera- 
ture of strips and wires of Heraeus vacuum-melted, elec- 
trolytic iron of different cross section, they were slowly 
passed through an electric furnace at known temperature 
(no details). The temperature of the furnace at which 
ignition occurred, Table 5, decreased as the cross section 
was decreased. Small cross section implies a high ratio 
of surface to volume. Since the amount of iron oxidized 
in a given time is proportional to the surface exposed, 
more oxide is formed and more heat is liberated from a 
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given weight of small particles than from a single particle 
of large cross section. 


Table 5—Ignition Temperature of Thin Iron Strips. Tam- 
mann and Boehme’*® 


Area of 

Cross Section, Ignition Temperature, ° C 
Sq. In Strip in Air Wire in Air Wire in Oxyge: 
0. SOO L000 950 
0.00016 950 1100 1050 
OOO47 L000 1100 1100 


It was realized that the temperature of the specimen 
might have been a little above the temperature of the 
furnace on account of preliminary oxidation before igni 
tion. Alloys of iron with 3% Si, 3.59 Au, 4% Alor 10°; 
Ni had the same or slightly higher ignition temperatures 
than iron of the same cross section. Since ignition of a 
strip of iron (cross section = 0.00008 sq. in.) electro- 
plated with silver 0.002 inch thick occurred only above 
the melting point of silver, Tammann and Boehme con 
cluded that a necessary condition for ignition may be the 
melting or cracking of the oxide on the iron. Scheil”’ 
also found that the melting point of the scale must be 
above the temperature of exposure of scale-resistant al 
loys. 

The effect of particle size on the ignition of iron has 
been clearly demonstrated, but the causes have not been 
discussed fully. Undoubtedly, the relationship men 
tioned by Jakowsky and Butzler between thermal con 
ductivity and heat of oxidation is sound, and suggests 
that the thermal capacity of the particle under given con 
ditions of flow of oxygen is important when the particle 
size is small. The ignition of,pyrophoric iron also may 
be favored by its higher heat content associated with 
intense lattice distortion. Pyrophoric FeO and Fe 30, 
have been prepared. 

Impurities in the oxygen have relatively slight effect 
on sealing rates but retard the rate of combustion. Iron 
wire 0.02 inch diameter, 3 inches long was burned by 
Tucker,'! Table 6, in oxygen containing different amounts 
of impurities (no details). The time to burn increased 


Table 6—Time of Combustion of Iron Wire in Oxygen Con- 
taining Impurities. Tucker'! 


Oxygen purity, % 99.4 96.9 82.4 74.4 66.4 
Time to burn, seconds 3.8 8.0 9.0 ll 17 
Oxygen purity, % 62.4 54.4 50.4 48.0 

Did not burn 


Time to burn, seconds 18 34 60 


as the purity was decreased. A wire 0.035 inch diameter 
would not burn in oxygen less than 68% pure. Lay 
roff** believed that the ignition temperature of steel was 
raised as the oxygen purity decreased, Fig. 2 (no details 
The temperature of the kerf decreased with decrease 10 
oxygen purity, until at 78% oxygen ignition and cutting 
temperatures coincided. Oxygen of lower purity would 
not cut steel. With preheated steel and preheated oxy- 
gen, the purity could be decreased to 75%. Wilson” 
pointed out that dilution of oxygen theoretically should 
retard oxygen cutting, but no advance has been made on 
the subject. Fortunately, the common impurities 11 
tank oxygen are not combustion retarders in the sense 
that phosphorus oxychloride, present to the extent 0! 
0.05% in a mixture of 31% oxygen, remainder nitrogen, 
will extinguish a wood-charcoal fire. 
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nition of Other Solid Metals 


Information about the ignition of solid non-ferrous 
metals is meager and indefinite. Trustworthy observa- 
tions have been made by Tammann and Boehme,"* 
fable 7, who used the method involved in Table 5. 
Pyrophoric cobalt and nickel were found to ignite in air 
or oxygen at about 0° C. An attempt by Jakowsky 
and Butzler®' to determine the ignition temperature of 
copper wire 0.003 inch diameter (No. 40) and brass wire 
0.008 inch diameter (No. 32) by the method involved in 
Table 4 was scarcely conclusive. In oxygen at atmos- 
pheric pressure the wires severed at a temperature cal- 
culated to be above the melting point. Melting rather 
than oxidation accounted for rupture. As the oxygen 
pressure was increased to 1900 Ib./in.* the “‘ignition” 
temperature decreased gradually to 820° C. for copper 
and 780° C. for brass. Lead wires severed by melting 
at about 350° C. regardless of oxygen pressure. 


Table 7—Ignition Temperatures of Non-Ferrous Metals. 
Tammann and Boehme*’ 


Area of Cross Ignition Temperature 


Metal Section, Sq. In in Air, °C 
fhermit 0.00008 900 (chips 0.004-0.02 inch 
thick, 0.008—-0.04 inch 
wide, 0.16—0.32 inch long) 
Thermit Mn 0.0005 1200 
Cerium 0.00003 400 
Cerium 0.0005 550 


Magnesium 0.000015-0.0006 — 600 (preparation of surface not 


stated) 


The surface of 0.28—0.39 inch cubes of magnesium and 
its alloys with 0.2 to 10% Na, TI, Ca, Zn, Cd, Al, Pb, Sn, 
Bi, Cu or Ag just before ignition occurred in air at 600° 
C. was observed by Delavault.7* The surface under 
observation was polished and etched. Protuberances 
formed at many spots on the surface, and rapidly spread, 
covering the surface within 30 seconds after which com- 
bustion commenced. The protuberances always were 
found at grain boundaries and may have originated in a 
local rise in temperature occasioned by local oxidation. 
Protuberances were not observed in pure nitrogen or 
pure oxygen. All the magnesium alloys as well as simi- 
lar calcium alloys behaved alike. 

A German laboratory”* found that the ignition tem- 
perature of magnesium powder in oxygen and air was 
500-600° C. Magnesium chips ignited at 550-600° C. 
in oxygen, but above 600° C. in air. The magnesium 
(0.15 gm.) was heated at constant temperature in a tube 
furnace in a stream of air or oxygen (no details). Mois- 
ture increased the tendency of the powdered metal to ig- 
nite when sparked. A sample of magnesium ribbon 
weighing 5 gm. (9.12 x 0.004 inch) ignited in air at 507° 
C. in Brown's’ experiments. The rates of rise in tem- 
perature of furnace and specimen were 0.9 and 1.0° C. 
per min., respectively, and the rate of air flow was 15 
inches/sec. The ignition temperature was the point of 
inflection in the plot of specimen temperature vs. time. 
Under similar conditions five different woods ignited at 
190-220°C. If ignition temperature was plotted against 
either rate of air flow or rate of heating, the curve passed 
through a minimum as either rate was increased. Un- 
fortunately, the effect of air flow on the ignition of metals 
was not studied. In leaf form, aluminum will burn” in 
air for about 30 seconds after being heated locally by a 
torch. In bulkier form aluminum will not burn. When 
magnesium is alloyed with aluminum to the extent 
(AlMg;) that the oxide film ceases to be continuous, 
the alloy becomes combustible. 
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According to Hunter,”* a rod of titanium 5 inches long, 
0.07 inch diameter ignited in air at 1200°C. A current 
of 50 amp. was passed through the rod. The heat of oxi 
dation melted the oxide that was produced. Tantalum 
has been ignited at 600° C. in oxygen, and Baker in 1S88 
found that antimony and tellurium were among the 
few elements that could be burned in thoroughy dried 
oxygen. Methods of burning zinc to obtain ZnO have 
been patented but most depend on the oxidation of zine 
vapor. In fact, if the oxide has a high melting point 
compared with the metal, ignition may occur through the 
medium of the metal vapor. The product of combustion 
may protect the material from further combustion 
Thus, Bonhomme™ contends that carbon cannot be 
oxygen cut because a protective layer of carbon monoxide 
isformed. Ignition of metals in gases other than air and 
oxygen has been reported, but there is little information 
on the subject. 


Oxidation of Liquid Metals 


Despite the fact that oxidation of liquid metals, like 
solid metals, is initiated by adsorption and diffusion of 
oxygen, there are indications in the literature that the 
later stages of oxidation of melts may be quite different 
from that of solids. The oxidation of liquid metal is im- 
portant for oxygen cutting because, as Stavenhagen”’ 
pointed out in 1912, oxidation and melting may occur si- 
multaneously in the kerf. For example, Crowe and 
Deming (Welding Handbook, 1938, page 282) state that 
iron melted by the heat of oxidation of adjacent iron may 
be blown from the kerf without undergoing oxidation. 

The rate and process of oxidation of liquid iron and 
steel has not been studied. The Bessemer process indi- 
cates that liquid iron is not oxidized in air until elements 
having a higher heat of oxidatidn have been removed al- 
most completely. It may be this fact coupled with the 
solution in the melt of the first iron oxide formed, rather 
than the existence of a film of iron vapor that preserves 
for a short time an optically reflecting metallic surface 
on molten steel from which the slag has been removed. 

Magnesium is a metal that is easily ignited in the liquid 
state.”°> Above 800° C. magnesium oxidizes to form 
powdery MgO, which does not protect the metal from 
combustion. Between the melting point and 700° C 
either: (1) black spots appear which quickly cover the 
surface, after which ignition occurs and the melt becomes 
incandescent; or (2) black excrescences form, each of 
which becomes incandescent individually, the MgO act 
ing as a heat insulator to counteract spreading of the 
centers of incandescence. Between 700° and 800° C. the 
spots also were observed but the reaction rapidly raised 
the temperature beyond 800° C. If the spot reaction is 
stopped by quenching before completion, the oxidized 
product consists of alternate layers of MgO and metallic 
magnesium. Oxidation of a clean surface of liquid 
magnesium in air can be prevented for several minutes 
by adding small amounts of SO., bromine or boron tri 
fluoride (less than 1 mm. mercury partial pressure) to 
the air. These reagents are said to reduce MgO and to 
form protective films of MgFs, etc., on the liquid surface. 

The rise in temperature of molten copper, lead and 
tin caused by a jet of oxygen (0.13 to 1.8 cu. ft./min.) 
directed on the surface has been studied in a preliminary 
way by Lange.’* The temperature of 100 gm. of copper 
in a high-frequency furnace (crucible not described) rose 
in 15 seconds from 1100°, 1200° and 1300° C. to 1350", 
1500° and 1600° C., respectively. The rate of increase 
in temperature was most rapid in the first 5 seconds 
With lead the oxide coating became so thick that the 
melt cooled and solidified after an initial rise in tempera- 
ture from 600° C. to 1250° C. With tin the tempera 
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ture rose from 800° C. to 1650° C. in 45 seconds. Simi- 
larly temperatures of 1700°, 1800° and 1900° C. were 
measured for nickel, manganese and iron, respectively. 
These temperatures were measured by an optical py- 
rometer and, since they were not corrected for the oxide 
coating, are somewhat low. The contents of the cru- 
cibles containing iron, manganese and copper were com- 
pletely oxidized. Some unoxidized metal always re- 
mained in the other crucibles. In all experiments the 
slowest process was the diffusion of oxygen into the metal. 
Molten silver, in which oxygen is more soluble than in 
iron, was not oxidized and merely was chilled by the jet 
of oxygen. 

The rate of oxidation of liquid metals has been studied 
by Krupkowski’® and Bircumshaw and Preston.*° 
Krupkowski distinguished three types of oxidation. In 
Type 1 a solid oxide layer formed on liquid metal. Type 
1 was exemplified by lead (470-625° C., up to 30 br.) and 
zine (600-715° C. above which evaporation is serious), 
for which the same results were secured with air as with 
oxygen. In Type 2 the oxide dissolved in the liquid 
metal, which was exemplified by silver. In Type 3 a 
liquid oxide layer formed on the liquid metal. Type 3, 
unfortunately, was not studied experimentally. Bircum- 
shaw and Preston were unable to secure anything but ir- 
regular values for the rate of oxidation of molten tin and 
lead up to 800° C. in oxygen at low pressures up to nearly 
latm. The oxides were solid, the orientation of the oxide 
crystals appearing to exert some influence on the rate of 
oxidation. In one peculiar experiment on tin at S00° C. 
(oxygen pressure = 10 cm. mercury) the gas was rapidly 
added (5 seconds). At once the surface was covered with 
a thick black film (probably SnO) which became incan- 
descent in a few seconds at one end of the boat (2.8 x 0.39 
x 0.35 inch deep) holding the metal. The incandescence 
traveled rapidly to the other end of the boat, an orange 
coating remaining on the metal. In two minutes the 
color changed to pale yellow, the whole of the oxygen being 
absorbed. 


Discussion 


The preceding review suggests that the formation of a 
solid scale on solid metal has little connection with oxy- 
gen cutting. An equal amount of metal is removed in 
every unit of time during oxygen cutting at a constant 
speed. If the parabolic relation between time and rate 
of oxidation, which applied to the scaling of steel, applied 
also to oxygen cutting, cutting at constant speed would 
be exceedingly difficult. It is obvious, therefore, that 
the oxide is being continuously removed from the surface 
and diffusion, if active, is faster than the supply of oxy- 
gen to the surface. The exponential relationship be- 
tween temperature and rate of scaling shows that rate of 
oxidation is accelerated as the temperature is raised. It 
may be significant that iron scales 10 times as rapidly as 
copper, but the failure of scaling rates to respond to any 
marked extent to decrease in oxygen purity has no par- 
allel in oxygen cutting. Critical density ratio, a major 
criterion in scaling, is of no consequence in oxygen cut- 
ting. The penetration of oxide and perhaps cavities in 
advance of the scale layer does not seem to be important 
for oxygen cutting, because the oxygen-cut surface nor- 
mally is free from oxide except as a thin surface film. 
The local increase of temperature at the scale-metal in- 
terface seems worthy of study from the standpoint of 
oxygen cutting. 

The system liquid oxide—solid metal possesses the im- 
portant characteristics of the region undergoing oxygen 
cutting. Liquid oxide is not so adherent as solid scale 
and is homogeneous, whereas solid scale consists of two or 
three compounds. Diffusion of iron and oxygen must 
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be considerably faster through liquid oxide than through 
solid oxide at about the same temperature. Therefore, 
although the oxygen-cutting jet may not be of sufficient 
force to expose bare metal through the entire thickness, 
the contact of the liquid oxide with the solid metal wil] 
lead to ignition of the iron in immediate contact with the 
scale. Under conditions of combustion the oxygen con- 
tent of the liquid oxide depends largely on the time of 
contact of the liquified scale with the oxygen and iron 
Since there is a continuous gradation between flame 
cutting (melting) in a neutral gas in which the ‘“‘slag 
would be pure metal and oxygen cutting in which the 
slag has a high oxygen content, it may be concluded that 
the iron-oxygen equilibrium diagram does not govern the 
composition of the cutting slag. If the slag cools rela- 
tively slowly its structure will be governed by the equilib- 
rium diagram. Cutting slag whose composition falls 


within the two-liquid region, which is a common occur- 


rence, will contain free iron (saturated with oxygen) in 
its structure. The oxide will be FeO, which is unstable 
below about 570° C. 

Since the system liquid iron oxide-—solid iron in oxygen 
seems to lead to combustion, it may be concluded that 
ignition is one of the processes involved in oxygen cut- 
ting. In fact ignition of any metal with a compact oxide 
seems to require the melting of the scale. The ignition 
temperature depends on the degree of subdivision and 
for iron ranges from —15° C. for pyrophoric powder, 
through 900° C. for thin wire, to above 1260° C. for large 
masses. The lower ignition temperature of material of 
smaller cross section is taken advantage of by operators 
who, before commencing cuts on large cylindrical shaits, 
raise a small burr at the starting point by means of a 
chisel. The ignition of the burr supplies liquid oxide for 
propagating the ignition to the massive steel. The 
liquid oxide may provide a more intimate and concen- 
trated supply of oxygen to the steel than the cutting jet, 
which besides is quite cool. In this way the thermal 
capacity of the cold shaft is overcome. In addition, the 
ignition of the burr provides a high concentration of heat, 
and thus initiates combustion of the larger mass. 

More important than degree of subdivision for ignition 
at elevated temperatures is the rate of supply of oxygen. 
In static experiments on the ignition of iron, dilution of 
oxygen with 70% nitrogen raised the ignition tempera- 
ture and slightly retarded the oxidation rate, but did not 
inhibit ignition. Impurities in the oxygen have a far 
more critical effect in flame cutting, although for reasons 
of smoothness and economy of cut rather than for rea- 
sons of feasibility. The occurrence of ignition prevents 
measurement of the effect of rate of oxygen supply on 
oxidation of metals. Once ignition occurs, the tempera- 
ture is out of control and rises, which increases the speed 
of oxidation of iron. Provided oxygen is available, its 
pressure appears to be immaterial for combustion, al- 
though an increase in rate of supply sometimes may out 
weigh the cooling effect it exerts. 

The initial state in ignition of solid magnesium and 
liquid tin is the formation of local or continuous layers of 
solid oxide. The temperature quickly rises at the oxide- 
metal interface and oxidation progresses extremely rap- 
idly (ignition or combustion). Apparently, ignition of 
the system may occur at one or more points depending 
on conditions. Meager information suggests that the 
ignition temperature of iron wire in oxygen is decreased 
by increasing the pressure. The oxidation of iron in- 
volves a decrease in gas pressure. Observations on iron 
in the initial stages of ignition in oxygen seem not to have 
been made. 

The following metals have been ignited as massive 
solids: 
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Cerium—400-550° C. 
Magnesium—550-600° C. (chips) 
Tantalum—600° C. 
Manganese—900-—1200° C. 
litanium—1200° C. (wire) 
Iron—900-1100° C. (wire) 
Iron—above 1260° C. (cylinders § 
/, inches long) 


gs inch diameter, 


It seems probable that any metal with appreciable heat 
of oxidation can be ignited if it is sufficiently finely 
divided. 

Several liquid metals have been rapidly oxidized with 
rates of rise of temperature that may justify the term 
ignition, for example, liquid magnesium, copper, nickel, 
lead and tin. In all instances ignition occurred below 
the melting point of the oxide. Magnesium whose heat 
of oxidation is highest and whose oxide is of the discon- 
tinuous type naturally ignited most readily. Solubility 
of oxygen in the molten metal is not a sufficient criterion 
for ignition. It is possible in the oxygen cutting of 
higher carbon steels that the metal just beneath the oxide 
may melt as a result of ignition. If so, two liquid layers 
would be subject to the intermittent scouring action of 
the turbulent oxygen jet. 

The effect of alloying elements on the oxygen cutting 
of metals can scarcely be evaluated in view of the uncer- 
tainty about the essential characteristics of the cutting 
of unalloyed metals. If the alloying element has a higher 
heat of oxidation than the metal, it should favor ignition. 
Whether it also favors oxygen cutting cannot be pre- 
dicted. Aluminum and silicon have higher heats of oxi- 
dation than iron, and their oxides lower the melting 
point of FeO. Yet both elements are unfavorable to 
oxygen cutting. Perhaps the solid scale formed in the 
preheating stage of oxygen cutting and consisting largely 
or wholly of impervious alumina or silica which have high 
melting points, accounts for the difficulty. Nickel, 
which has a low heat of oxidation, appears to act as a 
neutral diluent in iron, gradually increasing the difficulty 
of flame cutting by diluting the scale with metallic nickel. 
Manganese, itself susceptible to oxygen cutting, seems 
to have little effect on the oxygen cutting of iron. In 
view of the surprising differences in rates of scaling be- 
tween different alloys of the same metal, it is disappoint- 
ing that alloys possessing remarkable capacity for oxy- 
gen cutting have not been found. 

The discussion may now be centered around the rea- 
sons that have been advanced to account for the failure 
of the oxygen-cutting process when applied to the ma- 
jority of metals. The first reason listed in the introduc- 
tion to the section on Oxidation of Metals is incontro- 
vertible. The metal must have an appreciable heat of 
oxidation, Table 8. The series corresponds to the order 
of oxidation at room temperature assuming that the free 
energy depends on the heat of formation. The values 
for heat of formation are not equally reliable nor is it 
correct to presume that the oxide obtained upon ignition 
or oxygen cutting will have the composition correspond- 
ing to the formula in Table 8. Iron, however, is rather 
low in the series of heat of formation. Often associated 
with heat of formation is thermal conductivity, which 
can be no more than a minor factor. 

Intergranular penetration of oxide into the metal plays 
an important part in some theories of oxygen cutting. 
Aside from the fact that there is no evidence of oxide 
penetration beneath machine oxygen cut surfaces, sev- 
eral metals, notably nickel, are particularly susceptible to 
intergranular oxidation at elevated temperatures, yet 
resist the oxygen cutting torch. The solubility of oxygen 
in the metal, Table 9, seems to have no effect on ignition 
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Table 8—Heat of Formation of Oxides at Room Tempera- 


ture 
Calories 
Cal. per Gm. per Gm 
Molecule Calculated Atom of Melting Point, 
Oxide Compound toMeO Oxygen Metal Oxide i, 
Ta,O; 498.4 349 99.7 
393.3 328 131 660 2035 
302 252 60.4 
B.O; 282 235 
Cr,O0; 267 .5 224 89.2 1800 2275 
Tho, 292 219 146 
Li,O 142.8 214 143 
UO, 269.7 202 135 
ZrO» 257.4 193 129 
CeO, 232.9 175 117 
TiO, 218.1 164 109 2100 
Na,O 100.7 160 100.7 
SiO, 205.1 154 102 1430 (Quartz 
1470) 
CaO 152.1 152.1 152.1 851 2700 ; 
MgO 145.8 145.8 145.8 650 2040 ‘ 
SrO 142.2 142.2 142.2 
BeO 135 135 135 1200 2530 
BaO 133.4 133.4 133.4 
K.O 86.8 130 86.8 i 
Rb.O 83.5 125 83.5 
Cs.0 82.7 124 82.7 
MnO 123 123 123 1242 1585-1700 
Bi,O; 137.8 115 15.9 27 810 
MoO, 142.8 107 71.4 2620 MoQ, = 
WoO, 13 YS 5 65.7 
ZnO 83 83 83 420) 1970 
SnO 66.8 66.8 932 
CdO 65.2 65.2 65.2 
TLO 43.2 65 43.2 
FeO (4.6 64.6 1530 1250-1350 
NiO 58.4 58.9 58.9 
OsO, 93.3 58.4 23.3 
CoO 57.5 57.5 87.5 
PbO 52.7 52 7 52 7 28 SYU 
Cu,O0 10.8 51.9 40.8 1230 
§2.5 39.4 26.3 
Rh.O 22.7 34.1 
IrO. 10.1 30.2 20.1 
HgO 21.5 21.5 21.5 41) 
PdO 0.4 20.4 
Ag.O 6.5 9.8 6.5 
12.3 —10.2 
V.0 S00 
ZrO» 2700 


and little effect on oxygen cutting. A comparison of 
heats of fusion of metals and oxides also was fruitless. 


Table 9—Solubility of Oxygen in Metals 


Metal Solubility of Oxygen, Wt. % Temperature, ° C. 
Iron 0.04 1000 
Iron 0.21 1530 
Iron 0.55 1734 
Copper 0.010 
Copper 0.016 1050 
Copper About 3 1200 
Cobalt 0.03 (atomic %) 1000 
0.05 (atomic %) 1200 
Silver About 0.25 in liquid Melting point 
Zirconium Up to 10 atomic % 


The belief that the melting point of the oxide must be 
below the melting point of the metal to be oxygen cut 1s 
widely held but is not true for manganese, which has 
been cut with the oxygen torch. Additional experimen 
tation on a wide range of metals is necessary before a 
definite decision can be reached. De Jessey®™ points out 
that the condition of a product of combustion melting 
at a lower temperature than the metal to be cut is ful 
filled by the metals tin and copper in chlorine. Cutting 
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of these metals by means of chlorine has not been at- 
tempted, nor by means of H2SO, as a gas, in which com- 
bustion of several metals at 240° C. has been observed. 
It is conceivable that the adherence or strength of the 
oxide film on the liquid or solid metal to be oxygen cut is 
an important factor. For example, the zinc oxide film 
that forms on molten brass is of an entirely different na- 
ture from the oxide film on solid brass. Nevertheless, 
no difference appears to have been observed in the reac- 
tion of brass to the cutting torch whether the metal was 
or was not melted by the preheating flame when the 
oxygen valve was opened. 

Several authorities maintain that the ignition tempera- 
ture of the metal in massive form must be below its melt- 
ing point if oxygen cutting is to be successful. Magne- 
sium fails to comply with this condition, but here again 
decision shouid not be based on the meager information 
available. 
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SUGGESTED RESEARCH PROBLEMS 


1. Rates of diffusion of oxygen in solid iron and steel 
near the melting range (above 1200° C.) and in liquid 
iron are important in estimating the thickness and com- 
position of zones of material participating in the oxida- 
tion of steel under conditions of oxygen cutting. It is 
also important to know the rates of diffusion of oxygen 
and iron through liquid iron oxide. 

The rate of diffusion of oxygen in iron is very small at 
1000—1200° C. compared with carbon (Bramley, A., and 
Haywood, F. W., Trans. Paraday Soc., 31, 713-717 
(1935)). Consequently, oxygen ought not to diffuse in- 
wards from a liquid FeO layer (assuming no molten iron 
layer) into steel, because carbon diffuses outwards to the 
surface of the steel, where it may react to form CO, 
faster than oxygen diffuses inwards. 

2. Observations should be made of iron and steel in 
the initial stages of ignition at different temperatures and 
states of subdivision. In particular, the possible effect 
of the mushy stage on any disintegrating action the 
oxygen jet may possess should be noted. Intergranular 
oxide in the oxidation of iron and steel of different carbon 
contents at about 1350° C. should be studied as a func- 
tion of rate of flow of oxygen. Does the carbon-iron 
oxide reaction play any thermal or mechanical (gas 
evolution) réle in the ignition of steel? 

3. A study might be made of the rate and process of 
oxidation of liquid iron and steel by an oxidizing atmos- 
phere, considering the effects of an oxide film, the me- 
chanical effect of rate of flow and turbulence of the oxy- 
gen in removing the film, the effect of oxygen purity and 
the temperature difference between the oxide film and 
the liquid metal. The local rise in temperature at the 
oxide-metal interface should be determined. 

4. What is the effect of alloying elements, particu- 
larly those (Al, Cr) which enhance scaling resistance, « 
the ignition of iron? Is the same discontinuous change 
in ignition temperature and conditions observed as with 
rate of scaling as the content of alloying element is in- 
creased? The research should consider the effect created 
by the jet or by mechanical means (scraping). 

5. Is the sandwich method or oxygen lance applicable 
to metals such as aluminum? In applying the sandwich 
or lance methods to copper and bronze, does iron or iron 
oxide adhere to, or diffuse into, the cut surface? 
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INVESTIGATION of the FATIGUE 


strength ot Weld Metal and Welded 
Butt Joints in the As-Welded and 


By L. B. DURANT and J. F. ENNIS* 


PREVIOUS INVESTIGATIONS 


ARLIER studies of the fatigue properties of welds 
in mild steel have shown that the endurance limit 
of the weld is generally lower than that of the base 

metal. Endurance limits of 16,000 psi for bare wire and 
30,000 psi for covered wire are average values reported in 
this country. These values are from 60 to 90 per cent 
of the endurance limit of the base metal. The endur- 
ance limits of gas welds generally fall between these two 
limits. In Germany higher values have been obtained 
for gas welds and for bare wire welds; 34,100 psi has 
been reported as the endurance limit of gas welds and 
20,000 to 25,000 psi for welds with bare rod. The en- 
durance limit of 34,100 psi for gas welds is 86% of the 
endurance limit of the unwelded mild steel plate. These 
higher values may be accounted for by improved techni- 
que in welding or different chemical composition of the 
base metal. The quality of the plates has been found by 
investigation to affect the fatigue limit of the weld metal 
considerably. 

Whether or not it is possible to increase the fatigue 
strength of welds by heat treatment is a matter of con- 
troversy. Different investigators have reported varying 
results. Investigations of F. Thornton,! Ross and 
Eichinger,? Orr,* and Aysslinger* showed that stress re- 
lieving had a slightly beneficial effect on the fatigue 
strength of weld metal, raising the endurance limit by as 
much as 10%. On the other hand, Barnes® and Loh- 
mann and Schulz® found in their investigations that stress 
relieving was definitely harmful. Using 3'/2% nickel 
and medium carbon steels, Barnes found that stress re- 
lieving at 600° C. lowered the number of cycles with- 
stood on a repeated flexing machine by as much as 10%. 

He found that bare electrode welds were affected the 
least by stress relieving. Lohmann and Schulz found 
that stress relieving reduced the endurance limit of welds 
in mild steel about 5%. 


METHOD OF TESTING 


The results reported herein were obtained with a fati- 
gue testing machine of the rotating cantilever beam type, 
the general arrangement of which is shown in Fig. 1. 
The tests were run at a speed of 1725 revolutions per 
minute. Figure 2 shows the design of the specimen, 


* Abstracted from Senior Thesis submitted by L. B. Durant and J. F. Ennis 
to Webb Institute of Naval Architecture, New York City, April 1939. Sub- 
mutted as a contribution to the Fundamental Research Division, Welding Re- 
search Committee. 
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Stress-Relieved Conditions 


and Fig. 3 shows the relative and actual stress variation 
in the critical section for a representative condition of 
loading. No attempt was made to obtain the same taper 
and diameter on each all-weld-metal specimen, since it 
would have been an unnecessary tedium and the stresses 
may be readily found by calculation. On transverse 
specimens, however, it was necessary to maintain pre 
determined values in order that the critical section would 
be located where desired. 

The testing machine was connected to the motor by a 
flexible coupling, and through a reduction gear on the 
other end of the motor the revolutions were counted by a 
speedometer which had been caljbrated. The specimen 
was fastened in the spindle by a */,-inch bolt tapped into 
the end of the specimen. A small case-hardened pin 
passed through the spindle and specimen prevented any 
relative motion of the spindle and the specimen. A 
brass collar fixed by a small set screw stopped the pin 
from slipping out. The weight was suspended beneath 
the ball race at the end of the specimen, and a lever con 
nected to a switch shut off the apparatus upon failure of 
the specimen. 


MATERIALS 


1. All-Weld-Metal Specimens.—These specimens were 
prepared from single-pass butt welds made in 1-inch 
plate by the Unionmelt process. The chemical composi- 
tion of the plate, as reported by the mill, and of the weld 
deposit was as follows: 


Plate* Weld Metal 
Carbon, % 0.22 0.22 0.16to0 18 


Manganese, % 0.47 0.45 0.60 to 0.75 
Phosphorus, % 0.012 0.019 0.03 


Sulphur, % 0.022 0.037 0.032 
Silicom, 0.22 to 0.28 


The plates were beveled to an included angle of 35 de 
grees with a '/s-inch root face, and a copper backing bar 
was used. The welding was done with 1550 amp., 41 
volts, at a speed of 11 inches per minute. A macrograph 
of an etched cross section of the weld is shown in Fig. 4. 
The welds were tested in two conditions: (1) as- 
welded, and (2) stress-relieved. The stress-relieving 
treatment consisted of heating at 650° C. (1200° F.) for 


* Two different plates were used; however, all of the welds 
except one (specimens AW-6-7-8) were made from the plate whose 
analysis is shown in the first column. 
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one hour, followed by cooling in air. Microscopic ex- 
amination of the as-welded joints revealed microstruc- 
tures practically indistinguishable from those previously 
published for a similar type of weld (‘‘Single-Pass Elec- 
tric Welding of Unfired Pressure Vessels,’’ by R. M. 
Wallace, Figs. 13 to 16, inclusive, THE WELDING JouR- 
NAL, 18 (1), 17 (1939). The microstructures of the 
stress-relieved welds are shown in Figs. 5 to 8. 

The specimens were taken longitudinally from the 
center of the weld, and were given a good final polish 
with No. 00 emery cloth. 

2. Welded-Joint Specimens.—For testing the welded 
joint, specimens were taken from the weld transversely 
in such a way that the scarf of the weld was normal to 
the axis of the specimen, and was located accurately at 
the critical section of the specimen, the rest of the weld 
extending toward the shank (heavier section). The 
specimen blanks were etched in 10% nital to assist in 
locating the scarf. The method of welding and the mate- 
rial used were the same as for the all-weld-metal specimens, 
except that the plate was 2 inches thick. These speci- 


Fig. 3—Stress Variation in Fatigue Test Specimen for Representative 
Condition of Loadi 


Fig. 1—General Arrangement%of Testing Apparatus 
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Fig. 2—Details of Fatigue Test Specimen 
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Fig. 4#—Macrograph of Cross Section Through Weld, As-Welded Condition 


mens also were tested in both the as-welded and the 
stress-relieved conditions. 


HARDNESS AND TENSILE TESTS 


Hardness surveys were made of cross sections through 
the welds in the l-inch plate, in both the as-welded and 
the stress-relieved conditions, with the results shown in 
Figs. 9 and 10. 

The tensile properties of the base metal and of the weld 
metal were determined with standard 0.505-inch speci- 
mens, the following results being obtained: 


Elongation 


Ultimate Reduction 


Tensile Proportional (% of 

Strength, Limit, in2 Area 

Material Psi Psi Inches) (%) 

Base metal 61,000 27,500 42.0 62.0 
Weld metal (as-welded) 70,500 41,500 37.5 55.0 
Weld metal (stress- 63,400 30,000 38.5 63.0 

relieved) 
FATIGUE TEST RESULTS 


The results of the fatigue tests are shown in Tables 1 
and 2, and S-N curves for the all-weld-metal specimens 
are plotted in Figs. 11 and 12. 


DISCUSSION OF RESULTS 


A. All-Weld-Metal Specimens 


In fairing in the curves, the conditions affecting each 
point were carefully considered. A specimen in which 
the fracture occurred at the critical section was consid- 
ered more important than one in which the fracture was 
quite distant from the section of maximum stress. 
Furthermore, in specimens that broke at a point of 
lower stress, it must be remembered that the critical 
section withstood the higher stress for the same number 
of revolutions. In this connection, it was felt that the 
object was to determine the fatigue strength of the pure 
weld metal in a condition free from stress raisers, and not 
Just some mean line. The high percentage of specimens 
that broke at the critical section gives an idea of the ex- 
cellent homogeneity of the weld metal. 

The curves indicate a conservative endurance limit of 
395,300 psi for the as-welded weld metal, and 30,700 psi 
for the weld metal in the stress-relieved condition. 


B. Welded-Joint Specimens 


For those tests which resulted in failure, fracture oc- 
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Table 1—Results of Fatigue Tests of All-Weld-Metal 


Specimens 
Notation: 
A W—As-welded condition § Fiber stress at critical sec 
SR—Stress-relieved condition tion, psi 


7—Taper in diameter, inches D,,—Diameter at fractured sec 
per inch tion, inches 
D.—Diameter at critical sec- ‘S;,—Fiber stress at fractured 
tion, inches section, psi 
N—Number of reversals of stress 


Specimen 7 De Dy, Se Sie N 


AW-0 0.0672 0.3153 0.3036 35,400 35,300 5,365,000 
AW-1 0.063 0.3116 34,550 10,000,000 


AW-2 0.067 0.2973 37,040 12,855,000 
AW-3 0.065 0.3215 0.3163 37,480 37,400 1,670,000 
AW-5 0.0685 0.3205 . 36,500 11,715,000 
AW-6 0.068 0.3220 0.3203 39.600 39,450 3.375.000 


AW-7 0.061 0.3340 0.3697 36,000 35,100 1,700,000 


AW-8 0.0615 0.3165 0.2916 36,700 35,900 1,840,000 
AW-9 0.0615 0.3361 0.3470 36,200 36,150 2,950,000 
AW-10 0.0615 0.3266 0.3168 40,050 40,000 1,305,000 
SR-O 0.0683 0.3148 0.3126 42,300 42,000 160,000 
SR-1 0.0685 0.3035 0.2994 39,900 389.800 855.000 
SR-2 0.068 0.318 0.3144 37.960 37,900 1,290,000 
SR-3 0.063 0.3287 0.3281 38,100 38,000 580,000 
SR-5 0.061 0.3402 0.3158 35,200 34,550 620,000 
SR-6 0.0615 0.3234 0.3504 34,100 33,600 915.000 
SR-7 0.063 0.3213 0.3263 32,450 32,400 3,815,000 
SR-8 0.061 0.3218 30,450 97,200,000 


curred either at the scarf (which is the junction of the 
weld metal and the coarsening zone) or at the junction of 
the grain-refinement zone with the unaffected base metal. 
Three stress-relieved specimens (TS-1, TS-3 and TS-6) 
failed at the scarf, which was the critical section. Speci- 
mens TS2, TS4, TAW1 and TAW?2 failed at the junction 


Fig. 5——Weld Metal Zone Fig. € rain-Coarsened Zone 


Fig. 7—Grein-Refined Zone Fig. 8—Unafected Base Meta! 


Figs. 5 to 8—Microstructure of Stress-Relieved Welded Joint 
50 X 2% Nital Etch 
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Table 2—Results of Fatigue Tests of Welded Joint 
Specimens 


Notation: 
7 AW—As-welded condition Dy—Diameter at fractured sec 
condition tion, inches 
?—Taper indiameter,inches S,;—Fiber stress at scarf (criti- 
per inch cal section), psi 
D,y—Diameter at searf (criti- S;,—Fiber stress at 
cal section), inches section, psi 
N—Number of 


fractured 


reversals of 


stress 
Specimen Dy Sy Spr N 
TS-1 0.060 0.354 0.346 34,600 34,600 300,000 
*TS-2 0.060 0.352 0.317 30,400 29,000 1,005,000 
TS-3 0.060 0.344 0.347 30,100 30,050 770,000 
*TS-4 0.060 0.355 0.320 29,100 27,800 2,500,000 
TS-5 0.060 0.346 27,300 10,000,000 
TS-6 0.060 0.350 0.351 28,500 28,500 1,030,000 
*TAW-1 0.060 0.347 0.314 28,800 27,950 3,260,000 
*TAW-2 0.060 0.354 0.320 28,200 27,000 2,355,000 
TAW-3 0.060 0.346 27,300 10,000,000 


* These specimens failed in the base metal at the junction of the 
grain-refined zone and the unaffected base metal at a stress of ap- 
proximately 1200 lb./sq. in. less than the maximum stress imposed 
at the scarf. 


of the grain-refinement zone and the unaffected base 
metal. The stress at this point was about 1200 psi less 
than at the critical section, or scarf. These failures seem 
to indicate that the junction of the grain-refinement 
zone and the unaffected base metal is the weakest part 
of the joint, and the limiting values reported are taken 
as the stresses at this portion of the joint in the specimens 
which did not fail. These values are the same for the as 
welded and the stress-relieved joints, namely, 26,400 
psi. At the same time the stress withstood by the scarf 
section was 27,300 psi. 

Unfortunately, due to limitation of time, fatigue tests 
were not made on the base metal. The preponderance 
of failure in the base metal at the junction of the normal- 
ized grain refined zone with the unaffected base metal at a 
lower alternating stress than imposed at the scarf indi- 
cates that the weakest part of the joint is determined by 
the properties of the base metal. Metal of the composi- 
tion used in these tests has the lowest tensile strength 
when subjected to a heat treatment slightly below the 
critical. Since the endurance limit is proportional to 
the ultimate strength, the weakest point of any welded 
joint should be, as indicated in these tests, where the 
original base metal has been heated to slightly below the 
critical in making the weld. 
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ROCK WELL HARONESS 
Fig. 9—Rockwell ‘‘B’’ Hardness of As-Welded Joint 
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Fig. 10—Rockwell ‘‘B’’ Hardness of Stress-Relieved Joint 


CONCLUSIONS 


1. The fatigue strength of weld metal deposited by 
the Unionmelt process in mild steel plate was found to be 


Fig. 1l—S-N Curve for As-Welded Weld Metal 
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Fig. 12—S-N Curve for Stress-Relieved Weld Metal 
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higher in the as-welded condition than in the stress 
reheved condition, the endurance limits being 35,300 
psi and 30,700 psi, respectively. Both values are com 
parable to the endurance limit of the unwelded plate, 
which is probably 30,000 to 32,000 psi. 

The endurance limit of the weld metal in both the 
1s-welded and the stress-relieved conditions was ap 
proximately 50 per cent of the tensile strength. 

The endurance limit of the welded joint was found 
to be 26,400 psi for both the as-welded and the stress- 
relieved conditions, which is considerably below that of 


Spot Welders Utilizing 
Condensers’ 


By MARCEL MATHIEU 


N A recent paper! a study was made of spot welders 
operating by discharge of energy stored in an induct- 
ance. The present paper deals with spot welders 

utilizing the discharge of energy in a condenser connected 
to the primary of a transformer. Both types of welders, 
whether based on inductance or capacitance, are used for 
good conductors, particularly aluminum alloys. Or- 
dinary welders consisting of a simple transformer are 
inefficient and, in supplying the pulses of extremely high 
power, seriously affect the mains. The principle of ac- 
cumulation of energy reduces the power required, raises 
the efficiency, and avoids fluctuations in main voltage, if 
a polyphase motor is employed. 

The efficiency is much higher for welders based on 
capacitance than on inductance. Furthermore, a vari- 
able amount of power is lost in inductance welders by 
arcing at the interrupter contacts. Inductance welders 
are difficult to regulate, and too prolonged charging in- 
tervals waste energy. Capacitance welders are free from 
these difficulties. In practice both types of welders are 
used by some manufacturers, but the inductance welder 
preceded the capacitance welder by several years. (The 
Westinghouse percussion welders were based on conden- 
sers but were not of the type of interest today.) 

The basic circuit of a capacitance welder consisting 
of a condenser discharging into the primary of a trans- 
former, the secondary of which forms the spot welding 
circuit, Fig. 1, resembles the Ruhmkorff coil. Many of 
the facts discovered by early investigators about this 
coil apply to capacitance welders. For example, in 1898 
Mizuno found that there was an optimum capacitance 
at the primary of an induction coil which yielded the 
longest possible spark. Lord Rayleigh in 1901 showed 
that the presence of iron in inductance coils exerts no 
effect provided the magnetic circuit is closed, because the 
energy stored in the iron is expended in hysteresis. On 
the other hand, if the magnetic circuit is open, a part of 
the energy in the iron is available. Although these old 
observations apply to capacitance welders, the dimen- 
sions and object of a welder are entirely different from 
those of the Ruhmkorff coil. 

To make a good weld, adequate energy must be sup- 
plied in a sufficiently short time. The welding current 
must die out rapidly to prevent sparks when the tip is 


; ° Abstract of ‘‘Machines a souder par accumulation d'énergie dans un con- 
Gensateur,’’ presented at a meeting of the French Society of Electrical Engi- 
neers on March 23, 1939, and published in Bulletin de la Société Francaise des 
Electriciens, 5th Series, 9, No. 103, pp. 585-591, July 1939. 

! Bulletin S.F.E.. June 1937, page 665. 


the weld metal itself. The weakest part of the joint was 
found to be in the base metal at the junction of the grain 
refined zone and the unaffected base metal 
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lifted from the sheet. Consequently, aperiodic second 
ary current should be best. However, experiment shows 
that good results are obtainable even when the secondary 
current wave is oscillatory, Fig. 2. The first two half 
cycles are far larger than the others, which is similar 
to the primary current wave of an induction coil. This 
apparently anomalous result is due to the presence 
of iron. 

It might be thought that the conflict between experi- 
ment and expectations would create difficulties in solving 
the problem mathematically. Experiments with induc- 
tion coils show that the logarithmic decrement of the 
primary current oscillations is always greater than the 
calculated value. Of course the idea of coefficient of 
self-inductions is scarcely applicable to the extremely 
variable phenomena which are of interest in welding, yet 
the error involved in assuming a constant coefficient has 
not been found to be large. 

The following example calculated from derived formu 
las shows that the efficiency of discharge is superior to 
other systems. 


Energy stored in battery of condensers—375 jouk 


Joule loss in primary 50 
Iron loss 5O 
Energy in secondary 275 
with charging voltage = 500 volts 
number of primary turns = 200 
number of secondary turns = | 
time to attain maximum secondary current = 0. 00328 se« 
maximum secondary current = 24,000 amp 
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RIGIDITY OF WELDED BEAM-COLUMN 


By J. D. GOSHORN, F. C. TOY and M. D. STEPATH 


INTRODUCTION 


N THE design of modern welded structures the use of 
continuous or partially continuous beams in prefer- 
ence to simply supported beams is becoming increas- 

ingly common. A study of beam-column connections of 
this type was therefore considered to be timely. In the 
past the design and behavior of the top angle connection, 
and of the flat and also the vertical plate used for a rigid 
top connection, have been made as individual studies. 
It was the purpose of this investigation to compare these 
three types of connections with regard to the percentage 
of rigidity of each. 


TEST PROGRAM 


The original program provided for the construction of 
two adjacent building panels containing three stub 
columns and two beams. The percentage of rigidity was 
to be determined by applying a load to the beam of one 
panel and measuring the deflection caused in the other 
beam. The deflection of the columns in this arrange- 
ment seemed an uncontrollable variable, and so it was 
decided to use a cantilever test specimen similar to those 


* Abstracted from a thesis submitted by the authors to the faculty of Purdue 
University in partial fulfilment of the requirements for the degree of B.S. in 
Civil Engineering, June 1939. Submitted as a contribution to the Fundamen- 
tal Research Division, Welding Research Committee 

t These numerals refer to references at the end of the article 
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Connections 


Cantilever Section 


Fig. 1—Schematic Representation of Cantilever Test Specimen 


used by Lyse and his co-workers.'**' A very heavy 
column section was used to eliminate appreciable action 
in the column, as this study was primarily concerned with 
the action of the joint alone. The program in its final 
form provided for the testing of three specimens of this 
general type, varying only in the type of top connection 
used. 


GENERAL THEORY 


For the tests described herein, the cantilever specimen 
was assumed to be an end portion of a partially restrained 
beam of length L’, having an identical connection at the 
opposite end (see Fig. 1). The load was applied to the 


Fig. 2—Details of Joint No. 1 
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Fig. 3—Details of Joint No. 2 


cantilever at a point coincident with the point of inflec- 
tion of the imaginary beam. At this point shear only 
would be transmitted under assumed theoretical condi- 
tions. Forty-eight inches was chosen as a convenient 
length for the arm of the cantilever. 

The load, rotation and point of inflection being fixed 
by test procedure, it was possible to calculate the length, 
L’, of the imaginary beam and to compare its free end 
rotation with the observed rotation of the cantilever. 
The rigidity, R, of the connection is then given by the 
expression : 


R=1- = 
6, 
where 6, = Observed angle of rotation 
6, = Angle of rotation for free end connection 


rhis method of computing rigidity has been described 
by Lyse and Mount.’ 


- 
1 
| 
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For economy of design, the end moment and the cen- 
ter moment of the imaginary beam were assumed to be 
equal, which is obtained, for a uniformly loaded beam, 
with a rigidity of 75 per cent. This percentage was 
therefore used for design purposes, and 20,000 pounds 
was selected for the design load. 


DESIGN , 


The details of the three connections investigated are 
shown in Figs. 2, 3 and 4. In order to reduce variables 
it was decided that a common seat should be used, and 
since it is general practice to use seat angles for connec- 
tions of this size, it was decided to use a seat angle of the 
same size on each of the test specimens. The resistance 
of the seat angle to momemt is so small that it could be 
disregarded; hence, this part of the connection was de- 
signed to resist vertical load and horizontal thrust only. 
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Fig. 4—Details of Joint No. 3 
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Fig. 5—Arrangement of Beam-Column Connection Specimen in Testing 
Machine 


It was impossible to design the top angle connection, 
Fig. 4, for a rigidity of 75 per cent, as the largest avail- 
able angle with a short upstanding leg was 3!'/2 x 3'/2 x 
3/, inch. Rather than omit this type of connection, 
since its use is so common, it was decided to use this larg- 
est available section. Three-quarter inch fillet welds 
were used on each leg to obtain maximum weld metal 
without binding the legs. 


TESTING PROCEDURE 


The method of testing the joints is illustrated in Figs. 
5 and 6. The test specimens were placed in the testing 
machine upside down to their normal position in the 
structure, and the cantilever arms were supported on 
rocker bearings. The load was applied to the center of 


Fig. 6—Side View of Arrangement Shown in Fig. 5 


Note Top Connection |s at Bottom of Machine 
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the stub column by means of a rocker with cylindrica] 
bearings, and distributed across the entire section by 
means of a steel plate 1 inch thick. As the end of the 
column was not cut smoothly, lead cushions were used 
under the bearing plate to obtain more uniform distriby- 
tion of load. 

Strain measurements were made with an 8-inch Berry 
Strain Gage with an Ames dial reading to one-ten- 
thousandth of an inch. The lever action of the strain 
gage made a correction factor of 5.26 necessary on all 
readings. The gage holes were drilled at the top and 
bottom of the web, 3!/2 inches from the horizontal center 
line on both sides of the cantilever beam. Light angles 
were clamped to the column with outstanding leg close to, 
but not touching, the beam web. The gage holes corre- 
sponding to the beam web holes were drilled in these 
angles. At each increment of 2000 pounds of load, gage 
readings were taken on each of the eight sets of gage 
holes, and the strain gage was checked with the standard 
as each increment of load was applied. The load was in- 
creased progressively from 2000 pounds to the breaking 
point. 

The specimens were whitewashed before testing and 
observation of scaling aided in determining the location of 
critical points. Photographs of the failures are shown in 
Figs. 13, 14 and 15. 

The elongations of gage lengths on opposite sides of 
the beam webs were averaged, and divided by the gage 
constant of 5.26. These average movements were plotted 
against the load, giving the elongation vs. load curves 
shown in Figs. 7, 8, 9a and 9). For each load there was 
a corrésponding top and bottom movement, from which 
it was possible to calculate 6,. L’ was computed from 
6,, and from this @, was obtained. The rigidity of the 
connections, as stated previously, was obtained from the 
ratio of 6, to 6,. Figures 10, 11 and 12 show the load vs. 
rigidity curves for the three types of connections. 


Note Angles Used for Gage Marks 


O/ 


4ZONGATION 


i 
ae 
ay 
b 
4 
Ag 
FEBRUARY 


all 
ind 
iter 
sles 

to, 
rre- 
lese 
age 
age 
ard 
in- 
‘ing 


and 
n of 
nin 


; of 
age 
ted 
"Ves 
was 
1ich 
rom 
the 
the 


O 
JE 
\ 
8 
S 
N 
x 
* 
| 
O24 C8 O02 4638 0 
LOAD /N 1000 485. Loed 1000 /bs 
Fig. 7—Elongation vs. Load Curves for Test No. | Fig. 8—Elongation vs. Load Curves for Test No. 2 


welds in the seat angle were designed merely as tack 

DISCUSSION OF TEST RESULTS welds. Because of the irregularscutting of the beams, 

the beams did not butt tightly against the columns and 

In the design of Joint No. 1 it was assumed that the slippage occurred on the seat, as shown by curves 1-7 
beam would butt against the column, and, therefore, the and 3-5 in Fig. 7. 
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Fig. 10—Load us. Rigidity Curves for Test No. 1 Fig. 1l—Load us. Rigidity Curves for Test No. 2 


It was then decided that in designing the other two 
joints, the beam would be placed '/s inch from the 
column, and that the welds on the seat angle were to be 
designed strong enough to resist horizontal thrust. 

In the first test of Joint No. 2, failure occurred in an 
imperfect weld on the top plate, giving erratic curves. 
These data were discarded, and replaced by another test 
of this joint. 

In Joint No. 1, the elongation in the top connection 
was very slight until a load of 10,000 pounds was reached. 
The elongation increased until failure occurred at 30,000 
pounds in the vertical welds. 

In Joint No. 2 the elongations were uniform in top 
and bottom connections until a load of 22,000 pounds 
was applied. The top elongation increased rapidly 
thereafter. Failure occurred at 54,000 pounds with a 
break that progressed through one-half of the length of 


Fig. 13—Joint No. 1 
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the V-butt weld, thence diagonally through the plate. 

In Joint No. 3, considerable elongation was apparent 
from the time the load was applied. Unlike the other 
two joints, in which the seat connection moved toward 
the column, this beam seat moved away from the column 
slightly. Failure occurred at 17,500 pounds, with 
break in the weld between the upstanding leg of the angle 
and the column. 

Joint No. 1 had an average rigidity of 79% at the 
design load of 20,000 pounds. This is notably close 
to the design rigidity of 75%. The rigidity of the 
joint varied from 90% at 5000 pounds to 68% at 30,000 
pounds. 

In Joint No. 2, the rigidity at the design load was 88“ 
close to 90% rigidity was obtained at 25,000 pounds, and 
85% at 30,000 pounds. 
In Joint No. 


3, a very low rigidity was obtained. At 


Photographs of Joint Failures Fig. 14—Joint No. 2 
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Fig. 12—Load us. Rigidity Curves for Test No. 3 
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Fig. 15—Joint No. 3 


5000 pounds the average rigidity was 78%, but this 
iad 


dropped rapidly to 52% at 17,500 pounds. 


CONCLUSIONS 


These tests indicate that if a high percentage of rigidity 
is desired, a connection other than the top angle should 
be used. 

The results of Joint No. 1 indicate that this joint most 
closely approximates the desired ideal end condition of 
75% rigidity. However, in this case it must be remem- 
bered that part of the angle, 6,, was due to slippage on 
the seat. 


Joint No. 2 is a comparatively rigid type of joint; the 
tests indicate that 90% rigidity can be obtained through 
out the range of useful loading. 
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TORSIONAL FATIGUE STRENGTH 


By A. THUM and A. ERKER 


HE torsional fatigue strength of fillet welds is im- 
portant in the design of welded machinery, such as 
gears and pulleys, and was determined on the speci- 


Footnote Abstract of ‘‘Wechselverdrehfestigkeit von Kehlnahtverbin- 
dungen,”’ published in Elektroschweissung, 10 Jg., Heft 11, 205-209, Nov. 1939. 
The investigation was performed at Darmstadt as a research problem of the 
VDI Welding Research Bureau 


of Fillet Welds 


mens shown in Fig. 1. The outside fillets were of the 
same size and the ends of each weld overlapped the be- 
ginning. The ends of intermittent fillets were not ma- 
chined. The flange for the inside fillet was thicker than 
for the outside fillet, which was larger than the inside 
fillet in which fracture accordingly occurred. The con- 
tinuous fillet was made in a single pass with a little over- 
lap. Intermittent fillets also were deposited in a single 
pass. Three steels were used together with two types of 
heavy covered electrodes, Table 1. 


Fig. l1—Torsion Fatigue Specimens for Fillet Welds 


Upper: Outside fillet; throat thickness = 0.20 in. Shaft diameter = 1.97 in 
Middle: Inside fillet; throat thickness of inside fillet = 0.20 in. Shaft diameter 
17 in. 


Lower: Intermittent fillets of both types 


TORSIONAL FATIGUE STRENGTH 


7 
(00 
Bo 
ae 
et 
At 
| | 
| SS | > ay, 
a 
| i | 
| 
| 
KRY 1940 Iles 


ey 
+ 
z 


Fig. 2—Torsion Fatigue Testing Machine 


G = foundation E = vibrator (eccentric mass) 
P = specimen M = adjustable-speed d.c. motor 
S$ = vibrating arm 


The testing machine, Fig. 2, operated just below the 
natural frequency of the system. The machine was 
calibrated by static tests, the vibrating arm being so 
rigid and the loads so comparatively small that it did not 
whip during fatigue tests. 

Fracture occurred through the throat of the fillet in 
all specimens, Fig. 3. The crack started at the root and 
spread at 45° through the throat section. The authors 
conclude that there was little difference between outside 
and inside fillets, or between continuous and intermittent 
fillets. In agreement with other fatigue tests of welds 
there was no advantage from the fatigue viewpoint in 
using high-tensile steel. Continuous fillets in mild steel 
had a little higher endurance limit than in high-tensile 
steel, but the difference is immaterial. The cast steel 
welds were inferior, but again the difference was not con- 
sidered serious. 

The higher endurance limits for the intermittent fillets, 
compared with the continuous fillets, are surprising. It 
was thought before the tests that the notch-effect of the 
ends of intermittent fillets would lower their endurance 
limit. However, the shaft and flange are far more rigid 
than the fillet weld. Consequently the deformation of 
shaft and flange is extremely small. The deformation of 
the shaft, therefore, is limited to a small zone in the cross 


section of fracture. On account of rigidity no stress con- 
centration is created at the ends of the weld, which for 
this reason are uniformly stressed. Since the most 
severe notch effect occurs at the root of the weld, the 
stress in both continuous and intermittent fillets must be 
the same. 

That the intermittent fillet has a higher endurance 
limit than the continuous fillet is due to the higher shrink- 
age stresses in the latter type of weld. The shrinkage 
stresses in intermittent welds are relieved by deformation 
in the direction of the weld; similar tangential deforma- 
tion is impossible in continuous fillets. The shrinkage 
stresses lower the torsional fatigue strength about 15- 
25% in mild steel, 25-30% in high-tensile steel, which 
illustrates the increase in sensitivity to shrinkage stresses 
as the tensile strength increases. 

It was difficult to determine whether the microstruc 
ture of the weld had any effect on endurance limit. The 
structure at the root of the weld, which was the origin of 
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B = beginning of fatique crack 

F = surface upon which fatique failure occurred = (D + 0.7@) x0 

a = throat of fillet q@ = torsion moment in shaft 

D = shaft diameter Shear load on surface (F) of frac- 
ture = P = 29M,/(D +0.7a) 

Shear stress on the throat section = T, = P/F 


Table 1—Materials and Results for Torsion Fatigue Tests 


Properties of All-Weld-Metal Tensile Brinell Hardness 
Steels for Shafts and Flanges Elonga- Notch Strength Junction Junction 
Tensile Tensile tion, Impact of V Butt Un- of Shaft Root Surface of Weld Un- 
Strength, Strength, % in Value, Weld, welded with of of with welded 
Type Lb./In.? Lb./In.? 2In. Mkg./Cm.? Lb./In.? Shaft Weld Weld Weld Flange Flange 
Mild steel 53,000 67,000- 25-30 9-12 65,500- 139 150-170 170-200 200-220 210-230 147 
71,000 70,000 
Cast steel 57,000— 67,000- 25-30 9-12 139 140-150 210 200-220 300-310 193 
60,000 71,000 
High-tensile steel 71,000 87,000 24 85,000 206 330-340 320 


330-385 250-300 170 


Torsional Endurance Limits (10 & 10® cycles, see Fig. 4) 


Reversed Torsional Fatigue 


Strength of Fillet Welds, Torsional Stress in the 


Steel for Flange Steel for Shaft Type of Weld Lb./In.?, 7, Shaft, Lb./In.?, 7. 
Mild Mild Outside, continuous +7100 +6400 
Mild Mild Outside, intermittent + 8500 +3800 
Mild Mild Inside, continuous +7100 +4700 
Mild Mild Inside, intermittent +8500 to +10,000 +2800 to +3300 
High-tensile High-tensile Outside, continuous +5700 to +7100 +5000 to +6400 
High-tensile High-tensile Outside, intermittent +8500 to =10,000 +3600 to +4300 
High-tensile High-tensile Inside, continuous - +7100 +4700 
High-tensile High-tensile Inside, intermittent + 10,000 + 3300 
Cast steel Mild steel Outside, continuous + 5700 +5100 
Cast steel Mild steel Inside, continuous + 5700 +3700 
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Fig. 4——Stress-Cycle Curves 


Upper left: outside, continuous fillet 
Upper right: inside, continuous fillet 


the fatigue crack, resembled cast metal. The structure 
was more needlelike with high-tensile steel than with 
mild steel or cast steel. The root of the weld was 320 


Discussion of Paper on 
Manganese in Rutile Type 
Coated Steel Electrodes’ 


By R. DAVID THOMAS, JR.' 


E ARE exceedingly grateful to Mr. Enck for his 
contribution to the knowledge of welding rod 
coatings. Little progress can be made toward 
discovering the functions of the different materials used 
in electrode coatings until investigations of this sort are 

more generally published. 
Mr. Enck referred to the work of Mr. C. H. Herty, 
Jr., on open-hearth reactions and suggested that there 
° Paper by E. C. Enck presented at Annual Meeting, A. W. S., Chicago, 


Oct. 23-27, 1939, and Published in Nov. 1939 Research Supplement. 
' Metallurgical Engineer, Arcos Corporation, Philadelphia, Pa 


42,000 


4000 


Lower left: outside, intermittent fillet O 
Lower right: inside, intermittent fillet . 


COATED STEEL ELECTRODES 
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Brinell in high-tensile steel. However, the results sug 
gest that shape of joint (geometrical factors) rather than 
microstructure govern the torsional endurance limit 


might be a correlation of his data with the reactions 
which take place in open-hearth steel practice. It is 
recognized that the reactions in open-hearth steel ap- 
proach equilibria, while in the arc-welding process very 
few reactions reach the equilibrium state. Nevertheless, 
I was gratified to find that Mr. Enck suggested a possible 
correlation and I hope that future work might show to 
what extent arc-welding reactions may be compared 
with open-hearth reactions. 

I would like very much to see some experiments in 
welding reactions conducted which might correlate the 
work done by Friedrich Kérber' at the Kaiser Wilhelm 
Institute. Herr Koérber investigated silicon-manganese 
equilibria under varying slags and with different carbon 
contents in the steel baths. His work could be made the 
basis for a very interesting and valuable paper on arc 
welding reactions. 


1. F. Kérber, Siahl u. Eisen, 68, 133-144 (1932 63, 46-47 (1933 56, 
433-444, 1156, 1214-1215 (1936); 67, 1349-1355 (1937 
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FAILURE OF ALUMINUM SUBJECTED 


By JOSEPH MARIN’ and R. L. STANLEY‘ 


STATEMENT OF PROBLEM 


acting at a point are in more than one direction. 

In such cases of combined stresses, the maximum 
stress defining failure is no longer the stress at failure in 
simple tension or compression. ‘This stress at failure for 
simple tension is usually defined for ductile materials by 
the lower yield point when one exists, or by a proof 
stress. For brittle materials the ultimate stress is used 
to define failure. For members subjected to combined 
stresses, the failure of the material can no longer be de- 
fined as for simple tension. In such a state of stress, the 
stresses at a point can be conveniently defined by the 
principal stresses. These stresses are normal stresses 
acting on planes which are free from shearing stresses. 
For the two-dimensional case of combined stress, an 
element of unit dimension is represented in Fig. 1 where 
o, and o2 are the principal stresses. In order to define 
failure for the element in Fig. 1, the possible mutual 
effect of the stresses in producing failure must be con- 
sidered. Suppose, for instance, that the stress o is 
acting and that the stress oc, is increased until failure 
occurs; then the magnitudes of o; and o2 at failure may 
be different for this combined state of stress than they 
would be if they were acting alone. There have been 
many theories of failure formulated which state the rela- 
tion between the principal stresses at which failure occurs 
in terms of the stress at failure in simple tension. In 
recent years, some reliable experimental work has been 
done in an effort to verify one of these theories. In this 
paper a brief review of these theories and of the previous 


* Presented at Annual Meeting, A. W. S., Chicago, Oct. 23 to 27, 1939. 
tribution to Industrial Research Division, Welding Research Committee. 

t Associate Professor of Civil Engineering, Armour Institute of Technology, 
Chicago, Illinois 

t Graduate Student in Engineering 
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to Combined Stresses 


HERE are many constructions in which the stresses 
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Fig. 2—Failure Theories of Materials Subjected to Combined Stress 


experimental work will be made. This will be followed 
by a discussion of tests on an aluminum alloy subjected 
to combined stresses. 


THEORIES OF FAILURE 


Theories of failure have been developed based on vari- 
ous physical concepts such as defining failure by a limit- 
ing normal or shear stress, a limiting strain or a limiting 
strain energy.'?** Only a brief statement of the 
theories as applied to biaxial stresses will be made in the 
following. 

The Maximum Stress Theory assumes that failure oc- 
curs when the value of the maximum principal stress 
reaches the value of the stress at failure in simple tension 
(c). Referring to Fig. 1, failure will then be defined for 


+o 
+o (a 


Il 


o, > o2 by 
a2 > by = 


This assumes that the stress at failure in simple tension 
and compression are equal. Dividing equations (a) by ¢ 

d laci 02 
and placing ~ = x, — 


defined by 


= y, the maximum stress theory !s 


* Numbers refer to publications given in Appendix 1 
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Fig. 3—Specimen 


These lines are plotted in Fig. 2. The figure bounded by 
these lines represents failure by this stress theory. In 
other words, consider a point in Fig. 2 with coordinates 
x = +0.5 and y = +0.5. Such a point corresponds to 
an element in a stressed member in which the principal 
stresses o, and o2 are each equal to one-half the stress at 
failure in simple tension. Consider that the loads on the 
member are increased. This will increase the values of 
o, and o2 and in turn, the values of x and y. Failure by 
this theory occurs when the values of x and y are such 
that the boundary defining the stress theory is reached. 

The Maximum Strain Theory assumes that failure 
occurs when the principal strain in the direction of one of 
the principal stresses reaches the value of the unit strain 
at failure in simple tension. In terms of the above 
notation, it can be shown that failure by this theory is 
expressed by 


oy +] (2) 
y — Ux +] 


II 


where v = Poisson’s ratio. 

A value of v = 0.33 is used in plotting equations (2) for 
Fig. 2. 

The Maximum Shear Theory is based on the assump- 
tion that failure occurs when the maximum shear stress 
in an element subjected to combined stresses becomes 
equal to the maximum shear stress at failure in simple 
tension. This theory is mathematically defined by the 
equations 


(3a) 

(3d) 
_ Equations (3a) applies to principal stresses with oppo- 
site signs and equations (30) for stresses of the same sign. 
The Maximum Strain Energy Theory assumes that 


failure occurs when the total strain energy in an element 
subjected to combined stresses equals the value of the 


+l,y 
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strain energy at failure in simple tension. 


For the bi- 
axial case of stress this theory is defined by the following 
equation 


x? — Qoxy + y? = 1 (4) 


A value of Poisson’s ratio v = 
equation (4) in Fig. 2. 

The Maximum Distortion Energy Theory is based on 
the assumption that failure occurs when the distortion 
energy in the case of combined stresses reaches the value 
of the distortion energy at failure in simple tension. By 
subtracting the energy to produce volume change from 
the total strain energy the distortion energy is evaluated. 
It can be shown that this theory for the two-dimensional 
case of stress is stated by 


0.33 is used in plotting 


The above theories are represented graphically in Fig. 2 
for purposes of comparison. Only the better-known 
theories are considered in the above discussion. There 
are other theories of failure such as the Maximum Nor- 
mal Stress, the Internal Friction, the Maximum Volume 
Energy and the Maximum Change in Volume Theories. 
These are discussed by the writer in reference 2. 

It is now appropriate to consider the use of the various 
theories in design. For brittle materials such as cast 
iron, the maximum stress theory is used by many de- 
signers. For ductile materials, the shear theory is 
generally used as shown by its use in the A. S. M. E. 
Code for Design of Transmission Shafting, the Westing- 
house Code and the Code for the War, Navy and Com- 
merce Committee on Aircraft Requirements. Reliable 
recent tests on ductile materials, however, indicate that 
the agreement is best with the distortion energy theory 
rather than the shear theory. A frrief review of these test 
results will now be made. 


PREVIOUS EXPERIMENTS IN COMBINED STRESSES 


The experimental study of failure in materials sub- 
jected to combined stresses covers a period of about 40 
years. A summary of previous experimental work to 
about 1936 is given in papers by the writer.** The main 
recent work of importance is that by Ros and Eichenger, 
Taylor and Quinney, Lessells and MacGregor, and Lode. 
Ros and Eichenger,* made tests on hollow steel cylinders 
subjected to axial tension and internal pressure. Thin- 
walled tubes of aluminum, copper, mild steel and de- 
carburized iron subjected to axial tension and torsion 
were tested by Taylor and Quinney.’ Lode*® made tests 


Fig. 4—Apparatus for Measuring Tube Wall Thickness 
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on hollow cylinders of copper, nickel and steel subjected 
to tension and internal pressure. Lessells and Mac- 
Gregor’ also tested steel tubes subjected to axial tension 
and internal pressure. 

All the above tests on ductile metals show a good ap- 
proximate agreement with the Distortion Energy Theory. 
Since, however, the number of tests and materials tested 
are few it seems desirable to conduct further investiga- 
tions on metals subjected to combined stresses. The 
following discussion is a summary of an investigation on 
the behavior of an aluminum alloy subjected to com- 
bined stresses. 


EXPERIMENTS ON ALUMINUM SUBJECTED TO COM- 
BINED STRESSES 


This investigation deals with tests on aluminum tubes 
subjected to torsion combined with axial tension. Such 
a loading condition produces biaxial principal stresses of 
opposite sign. Various ratios of the principal stresses are 
considered by varying the ratio of the torsion to axial 
tension. In this way, failure will be determined for 
various ratios of the principal stresses and a comparison 
can thus be made with the theories of failure. 


1. Material Tested 


The material tested was a common unheat-treated 
aluminum alloy designated between 3S-°/,H and 3S-/ 
alloy in the Handbook ‘‘Alcoa Aluminum and Its Alloys.” 
This alloy has the approximate properties as shown in 
Table 1. Control tests were made in simple tension on 
the material used as explained later. Since many mem- 
bers are not annealed after they are machined, the 
specimens for this investigation were not annealed. It is 
proposed, however, to make tests on annealed specimens 
later. 


2. Specimen 


The specimens used were hollow cylinders as shown in 
Fig. 3. They were machined from stock which was 1'/;, 
inches in diameter and 13 feet long. The thickness of 
the specimens was measured by the apparatus shown in 


Fig. 5—Combined Stress Apparatus 
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Fig. 6—Combined Stress Apparatus 


Table | 
Property Value 

Yield stress (0.2 per cent set) 23,000 Ib. per sq. in, 
Ultimate stress 27,000 Ib. per sq. in, 
Per cent elongation in 2 inches 

(0.505-in. specimen) 12 
Brinell hardness 

(500 kg.; 10 mm. ball) 50 
Shearing strength 15,500 Ib. per sq. in. 
Fatigue endurance limit (500,000,000 

cycles of reversed bending) 9,750 Ib. per sq. in, 


Modulus of elasticity 10,300,000 Ib. per sq. in, 
Modulus of rigidity 3,800,000 Ib. per sq. in. 
Poisson’s ratio 0.33 
Chemical composition 1.2 per cent manganese, 
98.8 per cent aluminum 
and normal impurities 
Specific gravity 2.73 


Fig. 4. To measure the wall thickness of a specimen, it 
was first placed in the head stock (A) of the lathe and the 
thickness measuring gage (B) was placed in the tool post 
(C). In this way, the specimen could be rotated and the 
gage could be moved along the longitudinal axis of the 
specimen. This afforded an accurate means of deter- 
mining the wall thickness at various points. The thick- 
ness was measured at thirty points for each specimen 
with a dial reading to 0.0001 inch. The variation in wall 
thickness was well within the accuracy of other test data. 


3. Testing Apparatus 


The apparatus for testing the specimens in tension 
combined with torsion is shown in Fig. 5. The specimen 
is mounted between two keyed and threaded holders A 
and B. A ball and socket joint is used for the upper 
holder. The holder on the lower end of the specimen 
contains a thrust bearing on a spherical seat. These 
holders are an important part of the apparatus since they 
eliminate the eccentricity of axial loading which other- 
wise occurs. A tension dynamometer C for measuring 
the tension load is attached to the lower specimen holder 
and to the loading mechanism by universal joints which 


Fig. 7—Assembly of Twistmeter and Huggenberger 
Tensometers 
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also eliminate eccentricity of load. The tension load is 
applied by means of a worm and gear drive shown at D. 

To apply a twisting moment to the specimen, a disk is 
attached to the lower specimen holder as shown at E. 
Cables fastened to this disk pass over pulleys with ball 
bearings and then are attached to a horizontal bar F. 
For the combined stress tests a pan J is suspended from 
the bar F on which weights are placed thus producing a 
torque load. Some tests were made in pure torsion in 
which case the torsion load was gradually applied by 
means of a worm and gear drive H (Fig. 6). The load in 
this case was recorded by a dynamometer G. 

To measure the angle of twist in the specimen a twist- 
meter J is attached. A detailed view of this twistmeter 
is shown in Fig. 7. The distance the arm K moves with 
respect to the scale L is measured by a micrometer micro- 
scope. Huggenberger tensometers N are used to mea- 
sure the axial strains in the elasticrange. For measuring 
the axial strains in the plastic range, the movements be- 
tween a horizontal line on the glass of the twistmeter arm 
K and the horizontal lines on the twistmeter scale L are 
measured by the micrometer microscope .\/. 


4. Vest Procedure 


The twistmeter and Huggenberger tensometers are 
first carefully placed on the specimen, various precautions 
being taken to insure accurate readings. The specimen 
is then placed between the holders A and B and the 
micrometer microscope is focused. The specimen can 
then be loaded. 

Calculations were made to determine the ratio of tor- 
sion load to tension load which would give a specific 
ratio of the principal stresses. For the general combined 
stress test, the calculated torsion load was first applied 
and then the tension load until failure occurred. The 
iriction in the pulleys was determined by placing weights 
on the lower end of the cables and attaching a dynamome- 
ter at the other end. This friction load correction 
was determined for the various loads used. Corrections 
were also made for the tare tension weight and the tare 
torsion load. 
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Increments of load for both torsion and tension were 
selected of such magnitudes as to define accurately the 
stress-strain relations to failure. As the torsion load was 
being applied, values of angle of twist were recorded. 
With the application of the tensiorf load, the angles of 
twist and the axial strains were noted at various incre 
ments of load to rupture. 


5. Test Results 


The values of the tension dynamometer loads were 
converted to axial stress (¢,) in pounds per square inch 
by dividing the corrected load values by the cross-sec 
tional areas of the tubes. The corresponding unit 
strains were determined from the Huggenberger and 
micrometer microscope readings. With these data, 
stress-strain relations were plotted as shown in Fig. 8. 
The values of the torque load in pounds were converted 
to torque in inch-pounds and the twistmeter readings to 
angles of twist in degrees per inch of gage length. 
Torque-angle of twist relations were then plotted as shown 
in Fig. 9. 

After the stress-strain curves are drawn, it is necessary 
to establish a point of failure. Various methods have 
been used by different investigators. Many of these 
methods do not have a logical basis when it is desired to 
compare the results with failure in simple tension. Some 
of the methods also do not give accurate intersections 
with the stress-strain curves. A study of the various 
procedures showed that considerable variation is possible 
in the stress value defining failure. It became apparent, 
therefore, that it was necessary to develop a new method 
for defining failure in the case of combined stress. This 
method is developed in Appendix 2. It consists of de 
fining failure in a manner similar to the proof stress 
method for simple tension, but instead of using a value of 
permanent set equal to say 0.2 per cent of the gage length, 
an equivalent value is used. The graphical construction 
for obtaining these points of failure in the combined 
stress experiments is shown in Fig. 8. The values of the 
axial stress components (¢,) at failure as defined by the 
equivalent proof stress are given in Table 2. The shear 
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Table 2—Values of x and y for Combined Stress Tests 


Tensile Yield 


Specimen Torque Load, Shear Stress, Point Stress, Principal Principal a1 o. 
Number Inch-Pound Lb. per Sq. In. Lb. per Sq. In Stress, Stress, Z a 
(M,) (rey Cz (01) (a2) 

3SA2 0 0 23,700 23,700 0 1.0 0 
3SA11 U 0 23,700 23,700 0 1.0 0 
3SA22 0 0 22,700 22,700 0 1.0 0 
Avg. 0 0 23,400 23,400 0 1.0 0 
3SA3 585 10,300 15,700 20,770 5,070 0.885 Q.217 
3SA24 585 10,300 14,900 20,150 5,250 0.862 0.22 
Avg. 585 10,300 15,300 20,460 5,160 0.874 0.22 
3SA15 623 11,060 13,200 19,480 6,280 0.831 0.269 
3SA18 623 11,060 13,800 19,730 5,930 0.844 0.254 
3SA21 623 11,060 14,300 20,300 6,000 0.866 0.2 
Avg. 623 11,060 13,700 19,840 6,070 0.847 0.260 
3SA4 665 12,860 11,700 19,750 8,050 0.845 0.344 
3SA20 665 12,860 14,100 20,850 6,750 0.891 0.289 
Avg. 665 12,860 12,900 20,300 7,400 0.868 0.317 
3SA10 720 12,720 10,300 18,850 8,550 0.806 0.366 
3SA17 720 12,720 9,950 18,670 8,720 0.798 0.37 
Avg. 720 12,720 10,120 18,760 8,640 0.802 0.370 
3SA7 72 13,100 (Tested in 13,100 13,100 0.560 0.560 


Torsion only) 


stress (7,,) acting on the outer element of the specimen 
is obtained from the equation 


M,l 
= a (b) 
5 (64 — a) 


where J, = applied torque in inch-pounds 
b = outer radius of tube in inches 
a@ = inner radius of tube in inches 


The values of the shear stress for all specimens tested are 
given in Table 2. 


The principal stresses can now be determined by the 
equations 


The values of o; and o2 at failure for all specimens are 
given in Table 2. 

For the case of pure torsion, the principal stresses are 
obtained in a similar manner, the only difference being 
that it was necessary to use a different method for de- 
fining the equivalent proof stress. The theory for this 
torsion proof stress is explained in Appendix 2. The 
values of the principal stresses o; and o2 at failure for 
various ratios of stresses cannot be compared with the 
theories of failure unless the values at failure in simple 
tension are known. For this purpose control tension 
tests were made. 


6. Control Specimens 


Two types of control tension specimens were used; 
the A. S. T. M. Standard specimen 0.505 inches diameter, 


4 92 (c) and tubular specimens similar to the combined stress test 
02 2 4 ss specimens. ‘Three of each of the tubular specimens were 
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tested in a Universal testing machine and three others 
in the combined stress apparatus. The data from the 
tubular specimens tested in the combined stress appa- 
ratus were used to determine the stress at failure for 
purposes of comparison with the combined stress tests. 
The stress-strain relations for these tests are shown in 
Fig. 10, and the proof stress values are listed in Table 2. 

With the value of stress defining failure in the case of 
simple tension known, the stresses at failure in the com- 
bined stress tests can be correlated with simple tension 
and a comparison made with the theories of failure. 


7. Interpretation of Test Results 


In Table 2 the average values of the principal stresses 
o; and o» at failure are listed for various ratios of the 
principal stresses. Dividing these values by the stress at 
failure in tension ¢ = 23,400 pounds per square inch, the 


values of x = — and y = — are obtained as given in the 
Co 


last two columns of Table 2. A plot of the theories of 
failure for the fourth quadrant in Fig. 2 is shown in Fig. 
ll. In Fig. 11 are also plotted the experimental values 
of x and y from Table 2. A comparison between the 
experimental results and the theories of failure can thus 
be made. It is apparent from Fig. 11 that the test 
results agree best with the distortion energy theory. 
Considering the maximum principal stress, for the vari- 
ous ratios of the principal stresses, the percentage differ- 
ences between the test values and the distortion energy 
theory are 2.3, 1.2, 6.3, 1.3 and 1.0 per cent. These low 
percentage differences show that the test results are in 
very good agreement with the distortion energy theory. 


CONCLUSION 


This experimental investigation gives further support 
to recent tests on ductile metals in showing that for the 
aluminum alloy tested, the distortion energy theory is a 
good approximation. 


ACKNOWLEDGMENT 


The writers wish to express their thanks to Mr. R. L. 
Templin, Chief of Tests of the Aluminum Company of 
America, for helpful suggestions and for the aluminum 
used in the tests. This investigation was a part of a 
Master’s Thesis by R. L. Stanley performed under the 
direction of Joseph Marin. 


APPENDIX 1 


References 


1 Timoshenko, S., 
New York City 

2. Marin, J., ‘‘Failure Theories of Materials Subjected to Combined 
Stresses,’ Trans. ASCE, 1936 

3 M: arin, J., “‘Working Stresses for Members Subjected to Compound 
Loads,”’ Product Engineering, May 1937 

4 Ros M and Eichenger, A., ‘‘Versuche Zur Klarung der Frage der 
Bruchgefahr,’ ‘E igenossiche Material P rufungsanst alt an der E.T.H. in Zurich 
Diskusionsbericht, Nr. 28, 1928 and Nr. 34, 1929 


“Strength of Materials,” 2, Van Nostrand Company 


5. Taylor, G. L., and Quinney, A ‘Plastic Distortion of Metals,”’ Phil 
sophical Jag ee Royal Society of London, Series A, 23, 1931, p. 323 

6. Lode, W., ‘‘Der Ein fluss der Mittleren Hauptspannung auf des Fliessen 
der Metalle,’ af D1. Forschungsarbeiten, Heft 303 1928 


7. Lessells, J. M., and MacGregor, C. W., ®Certain Phases of the Com 
bined Stress Problem,” Proc. of Sih International Congress for Applied Me 
chanics, 1939 


APPENDIX 2 


1. Equivalent Proof Stress for the Case of Bi- 
axial Stresses 


Fig. 11—Comparison of Theories of Failure with Test Results 
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Fig. 12 


Consider an element subjected to a shear stress r,, 
and a normal stress o, as shown in Fig. 12. This is 
the stress condition found in the above experiments. 
For this type of stress failure will be defined when the 
maximum principal strain has reached a permanent set 
value of magnitude 0.002 inch per inch. This basis 
for defining failure in the case of combined stress seems 
to be a more logical one than other methods used in 
which there is no connection made with the case of 
simple tension. Since the measurement of strain is 
made in the direction of the axial stress o, it will be 
necessary to determine the value of the axial strain e, 
which produces a strain of 0.002 inch per inch in the 
direction of the principal strain (e,). To do this let 
e,, €, and e,, be the strain components referred to the 
x and y directions in Fig. 12. Then the strain in a 
direction @ is 


= cos + sin + sin cos (a) 
The maximum strain is defined by placing — = 0. 


From equation (a) this is for an angle @ which is de- 
fined by 


tan 20 = —= (b) 
6, ~€ 
Placing the value of @ from (6) in (a) the maximum prin- 
cipal strain is 
| 


The values of the strain components in terms of the 


stress components are 


= = = (0, — 
E (o, Oy)» & E (o, — ve, (d) 
and ¢,, = Tay (e) 


Substituting values of the strains from (d) and (e) in 


(c) and noting that o, = 0 


t 
t 


1 fl 
or &, = (1 — v) + (o, — (g) 


where o, and og, are the principal stresses. The value 
of axial strain e, equivalent to a maximum principal 


strain ¢,, is from equation (g) 
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For the material tested Poisson's ratio v = 0.33. Using 
a permanent set value of 0.002 inch per inch for ~ 
equation (h) the equivalent axial set e, is 


= 0.0060 — 1.98 52) 


Equation (7) must apply for the case of simple tension 
The yield point strength in tension for a set of 0.2 per 


cent is 23,400 Ib. per sq. in. Placing o,; = on 
ao. = 0 and bey = ().002 in equation (7), EF = 11.5 x 10 
Ib. per sq. This is a reasonable check on equatin 


(1) since the actual value of E is given as 10.3 * 10 
Ib. per sq. in. and since there are possible variations j: 
the value of the yield point strength in tension and thy 
value of Poisson’s ratio. The value of the strain ; 
defining failure is then from equation (7) 


e. = 0.0060 — 1.72 K 1077 (a; — os) 


Using approximate values of the combined stresses 
o, and o2 obtained by using an approximate value of « 
in Fig. 8, the corrected value of €, can be determined 
For the above tests this value of e, varied from about 
0.0016 to 0.0012. An average value of €, was used as 
shown in Fig. 8. Such an average value is justified iy 
view of the approximations made. 


2. Equivalent Proof Stress for the Case of Tor- 
sion 
For the case of pure torsion the principal stresses ar« 


= +f,, (Rk) 


Oo 


Then from equations (d) the principal strains are 


a = 2) (I 
a= (m) 
The shear strain can be shown to be 
ré 
= 3 (n) 


r = outer radius of tube 
6 = angle of twist 
1 = gage length 


where 


Since Hooke’s Law is assumed 
T 
G 
where G = the modulus of elasticity in shear. Subst 
tuting the value of y,, from equation () in equation 


YY. = G (p 


Substituting y,, from equation (p) in equations (/) 0 


(m) the angle of twist equivalent to a normal strain « 
E €1 (a 

l + 2) 
where ; = the angle of twist per unit length. Using 

value of ¢ equal to 0.002 inch per inch the value of j 


0.70 degrees for an average value of r = 0.374 inch. 
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Compressed Air Jacket 


Compressed air has often been used for shielding. 
The tip consists of three overlapping, concentric nozzles. 
This construction can be made extraordinarily light, a 
torch weighing only 2'/2lb. The compressed air pressure 
should be 1 Ib./in.* for every 2 feet of depth, according to 
several writers. An initial pressure of 10 to 15 lb./in.* 
may be added to the calculated pressure. Ordinarily, 
the oxygen supplied to the underwater flame is the full 
amount required for complete combustion, in contrast 
with cutting torches for use in air to which only a part of 
the required oxygen is supplied in order to secure maxi- 
mum flame temperature. 


Jacket of Burnt Gases 


One investigator, adapting his observation that an 
oxyacetylene torch will not be extinguished if it is 
lowered into the water with the flame pointed upward, 
utilized the products of combustion to sheath the flame. 
The protecting chamber is such that the walls of the 
chamber are tangential to, or make contact with, so as to 
compress slightly, the exterior of the jacket of products 
of combustion surrounding the flame. 

The material to be cut is 0.12—0.20 inch beyond the 
end of the chamber. To insure complete combustion 
excess oxygen may be added to the preheat gases or fed 
to the chamber. To protect the tip from overheating 
during heavy cutting an inert gas may be supplied to the 
chamber. The water does not affect the flame, and the 
torch may be lowered into the water in any position. 


Operation 


In the operation of the oxy-hydrogen underwater cut- 
ting torch with jacket of burnt gases, one investigator 
found that successful oxygen and hydrogen pressures 
were directly proportional to depth up to 100 ft. When 
the color of the oxyacetylene flame changes from blue to 
orange during preheating the steel is ready for the oxygen 
jet. 

Each of these types of torches generally requires 
different pressures for optimum conditions. 


Speed of Underwater Cutting 


The speed of underwater cutting appears to depend 
largely on visibility and other working conditions. The 
type of torch above affects the speed of cutting. Sixty 
ft./hr. can be maintained on steel */s inch thick, which is 
somewhat slower than manual cutting in air. 


Preheating Fuels 


So long as combustion is too rapid for the quenching 
action of the water to be effective any fuel can be used. 
Acetylene is satisfactory in shallow water (up to 25 or 
50 ft.) but is unsatisfactory in deeper water on account 
of back firing. 

Since acetylene is not satisfactory, except in shallow 
water, underwater torches for deep cutting are nearly 
always operated with hydrogen. 


The Underwater Oxy-Electric Torch 


Developed about 1915 the oxy-electric underwater 
torch utilizes an arc to preheat the metal and to provide 
a jacket of gas around the oxygen jet or jets, which issue 
from the hollow electrode. The oxy-electric torch is 
applicable at any depth, is relatively simple and rugged, 
but is slow and must be replaced at relatively short 
intervals. On account of reduced shock hazard, d.c. is 
preferred to a.c. 


UNDERWATER WELDING 


Metal Arc Welding 


Arc welding underwater is more difficult than in air 
chiefly because the arc is less stable and visibility is poor 
Good welds were secured with two commercial covered 
electrodes, one of organic type, the other of mineral type. 


Carbon Arc Welding 


Special alloys have been carbon arc welded under- 
water. 


Gas Welding 


Underwater gas welding is not as yet commercially 
successful. 


Resistance Welding 


Seam welding sometimes is performed with the parts 
underwater. 


ARC CUTTING 


The cutting of metals with the electric arc is performed 
by drawing an arc between the cutting electrode, which 
may be carbon or metal, and the metal to be cut. The 
arc is a concentrated source of heat and brings only that 
part of the metal to the melting point which is in th 
immediate vicinity. The metal is removed from the keri 
principally by melting, although partial oxidation of the 
metal also plays a part. 


Carbon Arc Cutting 
The Cutting Electrode 


Graphite electrodes are preferable. To cut material 
up to '/2 inch thick the electrode is held perpendicular to 
the surface, the arc being held’at the edge until melting 
has begun. The electrode then is advanced, the arc is 
directed on the metal at the end of the cut and the end 
of the electrode is in the groove. Slanting the electrod 
backward so as to undercut is good practice. 

The speed of arc cutting mild steel as a function of 
plate thickness decreases from 75 ft./hr. for plate ' , 
inch thick to less than 1 ft./hr. for plates 1 foot thick. 
Cutting speed can be increased by increasing the current. 
The arc voltage ranges from 25 to 45, but may rise to 65 
volts at 1500 amp., which is the limit of practical arc 
cutting. The carbon electftode should be negative, other- 
wise it is difficult to control the are and the electrode 
becomes blunt. The electrode also becomes blunt if a.c. 
is used instead of d.c., the cutting speed being only SO"; 
as great with a.c. as with d.c. Quoted values of keri 
width in '/-inch plate vary from '/2 to °/s inch at 250-300 
amp., to */, inch at 500-650 amp. 


A pplications 


The process is restricted mainly to scrap cutting and 
rivet cutting. 


ARC CUTTING WITH METAL ELECTRODES 


Covered electrodes may be used for arc cutting. The 
heat is more concentrated than in carbon arc cutting, the 
kerf being correspondingly narrow. Special coverec 
electrodes for cutting whose coverings liberate oxygen are 
on the market. An electrode '/;, to */s inch diameter 
covered with an oxidizing substance, or a borax or silicate 
flux, or a substance, such as carbon, to form an alloy ©! 
low melting point with iron has been used for rivet re- 
moval. 
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Arc Saw 


A rotating mild steel disk, 43 inches diameter, known 
as the arc saw was used not long ago for are cutting. 
reeth on the edge of the disk, whose speed is 390 ft./sec., 
act as one pole of an arc, the other pole being the metal to 
be cut. Between teeth the air oxidizes or burns the 
crater, and a spray of metal droplets is formed. The 
voltage is 8 to 15 and power may be supplied by a 35 kw. 
transformer. 


Arc Cutting Alloy Steels and Non-Ferrous Metals 


Unlike oxygen cutting, arc cutting (carbon or metal 


electrode) is applicable to practically all metals. The 
cutting speed and power seem to vary with the melting 
point (heat content, thermal conductivity) and arcing 
characteristics of the metal to be cut. 


OXYGEN MACHINING 


Oxygen machining may be performed with cutting 
torches. The rate of metal removal in oxygen machining 
may be 600 to 900 lb./hr. Oxygen consumption is 3 
cu. ft./Ib. 


Underwater Cutting 


INTRODUCTION 


HE flame cutting of metals underwater seems to 

have been accomplished in 1908 not long after the 

first successful cutting torch was evolved. Under- 
water flame cutting has developed steadily and is now 
feasible with the aid of gas or arc preheat embodied in the 
oxy-hydrogen, oxyacetylene and oxy-electric torches. 
There are several peculiarities in underwater cutting. 
As the water pressure increases, the pressure of oxygen 
and of preheating and shielding gases must be increased 
correspondingly. The jet issuing from the torch en- 
counters greater frictional and other resistance at its 
boundary in water than air, unless the jet is shielded. 
The shielded jet also permits greater localization of the 
preheat flame and reduces the quenching action of the 
water on the flame. Although the quenching action of 
the water on the metal being cut has not been studied, it 
may be assumed that the temperature of the metal 
changes more rapidly in the vicinity of underwater cuts 
than near cuts in air at the same speed. The steeper 
temperature gradient in underwater cutting suggested 
that alloy steels might be cut under water to avoid 
structural disturbances,' but no results seem to have 
been achieved. 

In addition to these peculiarities many difficulties of a 
practical sort have been overcome by designers of under- 
water cutting torches. The present review attempts to 
trace the stages in the development of underwater 
cutting torches and to outline the principles of the proc- 
ess. Valuable descriptions of the outfit required to 
fully equip underwater cutting operators are given by 
Kandel* (oxy-hydrogen torch), Davis* and the British 
Oxygen Co. Ltd.'® 


Oxygen Torches with Flame Preheating 


The distinguishing characteristic of underwater cut- 
ting torches is the tip. Besides the customary oxygen 
nozzle and concentric holes for preheating gases, the tip 
is made to provide a shield for combustion. If the flame 
is not surrounded by a gaseous sheath, the heat cannot be 
localized because water has a thermal conductivity about 
40 times greater than air (thermal conductivity = 
0.00005 for air, 0.002 for water, 0.2 for steel). 


Compressed Air Jacket 


Compressed air has often been used for shielding. 
An early shielded tip‘ consisted of a box with sliding 
cover fitted around the tip. The flame burned in the 
box, the products of combustion escaping through an 
Opening. When the box was rested on the object to be 
cut, the cover was slid aside and the flame impinged on 
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Fig. 1—Torch Designed on the Principle of the Compressed Air Jacket 
rafton 
Pressure, Lb./In? 

Depth of Water, Ft Oxygen Hydrogen Air Water 
20 55 15 10 } 
40 65 25 20 15 
80 80 40 35 3 
120 100 60 55 5 


the object. Simultaneously a jet of compressed air pre- 
vented water from touching the flame. In 1913 one 
experimenter® substituted an open bell for the closed 
chamber, and another was able to do away with the awk- 
ward bell, an annular air jet® surrrounding the preheat 
flame. The tip consists of three overlapping, concentric 
nozzles,’ Fig. 1. This construction requires no rigid, box 
like enclosure and can be made extraordinarily light, 
Kandel’ referring to a torch weighing only 2'/» lb. (no 
details). 

Two inclined air jets on either side of the flame and 
intersecting below the principal part of the flame were 
also used to hold back the water. The common oxyacety 
lene cutting torch can be used to a depth of 10 feet be 
yond which a compressed air hood is required.’ The 
Elisberg underwater torch"! was equipped with an air 
pocket (no details) that displaced the water without in 
terfering with the flame or diluting the oxygen. The 
Victor’? submarine torch also has a compressed air hood. 
The compressed air pressure should be | Ib. /in.* for every 
2 feet of depth, according to several writers.'? One writer’ 
adheres to this rule but adds 15 to 25 lb./in.’ initial 
pressure, whereas Polland'* recommends that the air 
pressure should be 10 to 15 lb./in.? greater than the water 
pressure. 

Polland’s suggestion seems more reasonable than the 
others, particularly in view of his familiarity with the 
operation of his torch. The end of the gray cone of the 
oxy-hydrogen flame is the hottest part and should touch 
the metal to be cut. The air bell is a convenient distance 
piece to maintain the desired length (°/; to '/, inch) of 
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gray cone. The bell rests on the metal but is tilted 
slightly to permit escape of gases. If the air supply is 
discontinued the flame continues to burn, but the torch 
will notcut. Thus, the air permits the temperature of the 
steel to be raised high enough for cutting without loss of 
too much heat to the water. Nitrogen was as effective 
as air. 

It is curious to observe that underwater cutting torches 
utilizing the jacket principle do not make use of a funda- 
mental principle of submerged combustion. Unless two 
neighboring columns of gas and oxygen are traveling at 
about the same speed, there is little diffusion across the 
boundary. A similar difficulty is encountered in at- 
tempting to strike through a stream from a fire hose with 
an iron bar. Consequently, combustion is slow and is not 
suitable for heating purposes. In the underwater torch, 
however, the cutting jet is moving at a high speed relative 
to the heating flame. Hence there is little diffusion. In 
a similar way the flame is moving faster than the air 
jacket, yet the air jacket probably completes the com- 
bustion of fuel which may be burned incompletely, in 
the absence of the jacket. Ordinarily, the oxygen sup- 
plied to the underwater flame is the full amount required 
for complete combustion, in contrast with cutting torches 
for use in air to which only a part of the required oxygen 
is supplied in order to secure maximum flame tempera- 
ture. 


Jacket of Burnt Gases 


Besides hampering the diver and diving crew with an 
additional hose and compressor, compressed air in- 
creases the preheating time.'* Furthermore, the back- 
ward reaction caused by compressed air is troublesome 
as well as the extra bubbling, which decreases visibility, 
and in some compressed air torches the mouth of the bell 
could not be pointed upward without extinguishing the 
flame. Consequently, Picard,‘ adapting his observa- 
tion that an oxyacetylene torch will not be extinguished 
if it is lowered into the water with the flame pointed 
upward, utilized the products of combustion to sheath 
the flame, Fig. 2. The diameter, L, of the end of the pro- 
tecting chamber" is such that the walls of the chamber 
are tangential to, or make contact with so as to compress 
slightly, the exterior of the jacket of products of com- 
bustion surrounding the flame. The dimensions of the 
chamber are found by measuring the length of the flame 


Fig. 2—Sketch of the Torch and Pilot Used by Picard':*! 


A—Protecting chamber 

Oxygen for pilot 

Acetylene for pilot 

Movable support for pilot 

Mixture of oxygen and acetylene for preheating 
Cutting oxygen 

G—Movable pilot 
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and diameter of gaseous jacket at a distance from the end 
of the tip outside the chamber equal to two-thirds of the 
length of the tongue of the flame. The diameter of the 
chamber is made nine-tenths of the diameter of the 
gaseous jacket, the length being two-thirds of the length 
of the flame. If the protected flame is unstable under 
water, the diameter is reduced. 

For example, with an oxyacetylene cutting torch hay- 
ing concentric jets, the annular preheating space is (). 16 
inch i.d., 0.19 inch o.d., the pressure being 150-300 mm 
mercury (3 to 6 lb /in.*). Under these conditions the 
inner diameter of the protecting chamber is 0.47-0.55 
inch, the length being 0.20—0.32 inch, and the material 
to be cut is 0.12—0.20 inch beyond the end of the cham 
ber. To insure complete combustion excess oxygen may 
be added to the preheat gases or fed to the chamber. To 
protect the tip from overheating during heavy cutting 
an inert gas may be supplied to the chamber. The water 
does not affect the flame, and the torch may be lowered 
into the water in any position. Skerrett'® describes an 
early German torch in which a cup filled with burnt 
gases surrounded the flame. 

An underwater torch is described by Trunschitz’ in 
which the preheating oxygen and fuel are so mixed that 
the outer layer is nearly pure oxygen. The preheating 
flame is within the oxygen envelope and surrounds the 
central cutting jet. Quitmann™ also used an oxygen 
jacket. Torches with movable tips’."* to facilitate cutting 
in cramped quarters are fairly common. 


Operation 


The operation of the oxy-hydrogen underwater cut- 
ting torch with jacket of burnt gases has been investi- 
gated by Arnold,” who found that successful oxygen and 
hydrogen pressures were directly proportional to depth 
up to 100 ft. In other words, the gas pressures at the tip 
were about the same at all depths, Table 1. The ratio of 


Table 1—Working Pressures for Arnold's’? Oxy-Hydrogen 
Torch with Jacket of Burnt Gas 
Working Pressures, Lb./In.? 
Preheating Oxygen 
and Hydrogen 


Depth of 


Water, Ft. Cutting Oxygen 


10 67 90 
40 92 115 
80 130 150 


100 142 160 


hydrogen to oxygen for preheating ranged from 3.4 to 
3.9. The average ratio was 3.5 at which the torch was 
set, the adjustable needle valves being removed. The 
gas consumption in the preheating flame was 110 cu. 
ft./hr. oxygen and 360 cu. ft./hr. hydrogen at all depths 
up to 115 ft. There was a tendency for back pressure to 
blow the flame away from the tip below 79 ft. In opera- 
tion the diver ignited the hydrogen and drew a flame 4 
inches long. The oxygen valve was opened until the 
flame was only 1 to 1'/2 inches long, and had a dark blue 
color with yellow tip. The correct flame had a uniform, 
purring sound. 

The pressures recommended by Davis' for oxyacetylene 
and oxy-hydrogen torches with jackets of burnt gas, 
Table 2, increase nearly in proportion with pressure, in 
agreement with Arnold. When the color of the oxyacety- 
lene flame changes from blue to orange during preheating 
the steel is ready for the oxygen jet. Once the cut 's 
started the torch is moved at the same speed as in alr 
Holes '/s inch diameter can be cut in steel up to 4 inclies 
thick. The oxy-hydrogen torch is usually adjusted at 
a depth of 30 feet before it is taken deeper. 
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Table 2—Pressures (Lb./In.*) for Oxyacetylene and Oxy- 
Hydrogen Underwater Cutting Torches. Davis’ 


Oxyacetylene Torch (for shallow water 


Depth of only) 
Water, Ft Oxygen Pressure Acetylene Pressure 
Up to 10 75 5 
10 to 20 100 71/4 
20 to 25 125 12 
Oxy-Hydrogen Torch'* 
Preheating Cutting 
Depth of Oxygen Hydrogen Oxygen 
Water, Ft. Pressure Pressure Pressure 
10 125 12 110 
20 140 17 115 
30 160 23 120 
40 175 30 130 
50 200 38 140 
60 225 45 150 
70 250 52 160 
80 275 60 170 
a0 300 67 185 
100 325 75 200 


Che oxygen and acetylene or hydrogen pressures for 
Picard’s** three-hose underwater torch are regulated 
automatically through a connection to the diver’s helmet 
(no details). The oxyacetylene torch could not be used 
deeper than 30 feet’®* or 50 feet." But with hydrogen, 
cuts have been made at 130 ft. The cutting oxygen and 
acetylene pressures are 85 and 21 Ib./in.*, respectively, 
at depths up to 6'/» ft., increasing to 100 and 38 Ib./in.?, 
respectively, at depths of 16 to 33 ft. The preheating 
flame consumed 70 to 100 cu. ft. acetylene per hr. in 
cutting steel */,;-1'/. inches thick, compared with 15 cu. 
ft./hr. in air. Schimpke and Horn" also found that gas 
consumption was 4 to 6 times greater under water than 
in air. In air the preheating time is proportional to 
thickness, whereas under water a sheet '/\, inch thick 
requires about the same preheating time as a plate 1'/» 
inches thick, because the heat in thin material is more 
rapidly transferred to the water than in thick material. 
The cutting oxygen requirement is greater than in air 
but there is no difference in the manipulation of the torch. 
Holes are more easily cut underwater than in air because 
the water cools the tip. In cutting 13% Mn steel dredge 
bucket links, 6 ft. x 4 in. cross section, at a depth of 
20 ft., Raymond used a three-hose oxyacetylene cut- 
ting torch without a compressed air bell. A slightly 
oxidizing preheating flame was used, the flame cones 
protruding '/s inch from the tip. The tip distance was 
*‘/e inch.; the pressures were 80 Ib./in.? for cutting 
oxygen and 60 Ib./in.* for preheating gases. 

The operation of the compressed air torch does not 
differ in essentials from the operation of other torches 
see section on Compressed Air Jacket). Recommenda- 
tions for the type of torch having three concentric jets 
are given in Table 3. Grafton’s air pressures are lower 
than the others and are close to the rule: !/. Ib./in.* air 
pressure for each foot of depth. Heavy coatings of rust 
should be scraped off before underwater cutting is begun, 
according to Kandel.*" The diver® need not wear goggles 
during underwater cutting. 

The kerf is 30 to 50% wider underwater than in air, 
according to Schimpke and Horn,‘ and the cuts are 
smooth, narrowing toward the bottom. 


Speed of Underwater Cutting 


Che speed of underwater cutting appears to depend 
largely on visibility and other working conditions. 
According to Kandel,' 60 ft./hr. can be maintained on 
steel */, inch thick, which is somewhat slower than 
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manual cutting in air. However, under some conditions 
Kandel® found that higher speeds could be attained 
underwater than in air, because the oxygen pressure is 
higher and the surrounding vapors were supposed to 
exert an insulating effect. Davis* used the same speed 
underwater as in air, but cited 35 ft./hr. on steel °/s inch 
thick, which is rather slow. Ata depth of 1S ft. mild steel 
*/, inch thick was cut in 1920* at the rate of 13 ft./hr. 
using an oxyacetylene torch with compressed air bell 
around the tip. A writer®”’ in 1913 required 30 seconds 
to cut a bar 2.4 inches square at a depth of 16 ft., and 
Trunschitz’ cut a hole in steel 0.79 inch thick in 10 
seconds at a depth of 10 ft. 


Table 3—Recommended Pressures (Lb. /In.*) for Underwater 
Cutting Torches with Compressed Air Jackets 


Lavroff’s'*»?? Recommendations 


Preheating Cutting 

Depth of Air Hydrogen Oxygen Oxygen 

Water, Ft Pressure Pressure Pressure Pressure 
3 to 16 28 to 43 36 50 71 
16 to 33 43 to 50 36 50 71 
33 to 49 51 to 57 43 to 50 57 78 
49 to 65 57 50 to 57 71 80 
65 to 82 64 57 to 63 RH RH 
82 to 98 64 to 71 71 to78 93 86 


Grafton’s’ Recommendations 


20 10 15 ts) 
40 20) 25 65 
80 35 40) 80 
120 55 60 100 
Owens’* Recommendations 
Up to 20 35 to 50 35 to 50* 80 to 100 
20 to H5 35 to 50 35 to 50* 100 


* Acetylene ’ 


Other investigators are less sanguine about the speed 
of underwater cutting. Although Schimpke and Horn™ 
could rely on only 30 to 40% of the speed in air in 1928, 
ten years later*‘ the speed underwater had been increased 
to 40-S0% of the speed in air. Young's compressed air 
torch cuts underwater at SO% of the speed customary for 
manual cutting in air. Picard,‘ besides stating that 
preheat time is independent of thickness under water, 
has cut a hole in steel 1*/, inches thick in less than 30 
seconds and attains a speed of 35 to 39 ft./hr. at a depth 
of 16 to 26 ft. on mild steel 0.16.20 inch thick covered 
with barnacles and backed by concrete. Records of 
three typical operations under Polland’s'* supervision 
are listed in Table 4. In one instance steel '/, and ‘/, 
inch thick was cut at 13 and 6 ft. per diver’s hour, 
respectively. Renewal of the joints in the torch ts 
essential after each use, according to Davis.* 

Preheating Fuels 

So long as combustion is too rapid for the quenching 
action of the water to be effective any fuel can be used. 
Acetylene is satisfactory in shallow water® (up to 25 ft.), 
but is unsatisfactory in deeper water on account of back 
firing. According to L. deJessey (private communica- 


Table 4—Underwater Cutting with a Compressed Air Torch. 


Polland' 

Feet 

Cut yas Consumption 

per Cu. Ft. per Foot 
Depth of Visi- rhickness of Diver's of Cut 
Water, Ft bility Current Steel, Inch Hour Oxygen Hydrogen 
10 to 13 clear medium ‘'/s(sheet piles 5.0 42 4 
10 to 13 clear medium '/:(steel plate 3.3 66 ) 
22 to 45 nil moderate */s(steel plate 4.5 
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tion, August 1939) acetylene yields higher cutting speeds 
than hydrogen at depths up to 30-35 ft. He quotes 
6 ft./hr. for steel 1 in. thick, 3.0 ft./hr. for steel 1*/, inch 
thick, using a Picard acetylene torch.”! Owens**® had 
an unsatisfactory experience with a compressed air 
torch using acetylene. Below 65 ft. the flame could not 
be maintained and at lesser depths backfiring was fre- 
quent. Skerrett’® found that compressed air torches 
could not be operated with acetylene below 40 ft., be- 
cause the acetylene flame was unstable if the acetylene 
pressure was over 23 Ib./in.? A similar objection was 
raised by Arnold,” who also pointed out the poisonous 
effects of carbon monoxide on the diving crew in caissons. 
Of course, the CO does not affect the diver. Although 
torches with jackets of burnt gases require the full 
oxygen supply for complete combustion, the oxygen- 
acetylene ratio in the compressed air torch used by 
Trunschitz’ is 1:1. Beyond a depth of 33 ft. Lebrun™ 
used a special device (no details) to prevent the flame 
striking back to the acetylene cylinder. The device ex- 
tended the range of the torch to65ft. A curious exception 
to the usual experience with acetylene is Viall’s® statement 
that an oxyacetylene-compressed air torch has been used 
to a depth of 200 feet and has cut steel 1 inch thick at 
30 ft. /hr. 

Since acetylene is not satisfactory, except in shallow 
water, underwater torches for deep cutting are nearly 
always operated with hydrogen. There seems to be no 
depth limitation, cuts having been made as deep as 130 
feet. 

Liquid fuels also have been used. The T6pper torch* 
vaporizes the combustible liquid (gasoline, benzol, 
benzol-alcohol mixture, etc.) in a serpentine passage 
heated by an electric resistance. The flame surrounds 
the oxygen jet in the familiar way. There is no need for 
a protecting jacket, according to Schimpke and Horn.*' 
In Winckler’s” liquid-fuel torch there is a heat recu- 
perator surrounding the oxygen and fuel nozzles in the 
tip, which in turn is surrounded by an insulating chamber 
of dead gas. 


Ignition 


The ignition of gas cutting torches underwater some- 
times is accomplished by means of a pilot flame, Fig. 2. 
The flame burns principally in the chamber, only the end 
of the flame projecting beyond the tip of the pilot. The 
pilot flame may swivel from the torch itself, or, if quarters 
are cramped, the pilot may be a separate torch. The 
pilot should be kept below the cutting line to avoid 
igniting and exploding the bubbles, according to Arnold.” 
The bubbles seem to contain unburnt gas (torch with 
jacket of burnt gases) and their explosion annoys the 


Fig. 3—Nolles’** Solution of the Problem of Oxygen Cutting a Type of 
Interlocking Steel Piling Under Water 


A—Flap cut to expose entire width of a pile 
Dotted line shows course of cut after flaps have been cut. 
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Fig. 4—Diagram of the Principal Parts of the Oxy-Electric Underwater 
Cutting Torch Used by Skerrett* 


Electrical conductor 

Oxygen connection 

Carbon electrode 

Small pipes through electrode by which oxygen reaches the tip 
Flaming arc 

Vaporous cavity in which the arc burns the metal to be cut 
Covering of friction tape to insulate the torch 

Steel plates being cut 


operator in confined quarters. Arnold’s pilot torch was 
supplied with gas at 120 lb./in.* for all depths up to 
110 ft. The pilot is held perpendicular to the cutting 
tip; if anything, the tip should point slightly toward the 
pilot. The fuel valves in the torch are opened as quickly 
as possible to avoid flash backs. 

Electric spark igniters were used by Trunschitz’ and 
Horn” (resistance igniter) as well as by Polland,'* who 
condemned the use of a troublesome, high-voltage 
magneto. An alkaline solution battery (10 volts, 45 
amp.) which will withstand repeated shorting was 
recommended. One wire is attached to the torch, the 
other to an ignition plate, which is touched by the guide 
pin of the torch when ignition is desired. 

Powders which ignite spontaneously upon contact 
with water have been popular with several operators.” 
The powder may be ferro-cerium* calcium phosphide, or 
sodium metal.*! 


Applications 

Underwater gas cutting torches have been successful 
at depths from 8 or 10 inches to 130 feet, the lower limit 
being imposed by the diving outfit rather than by the 
torch. Cutting just beneath the surface of the water is 
impossible*? on account of the disturbance of the water. 
Steel up to 2 inches thick offers no difficulty and Quit- 
mann** has cut steel 6 inches thick under water. Motion 
pictures of underwater cutting have been prepared by 
Kandel” and Keel.** Keel’s film deals with the demoli- 
tion of a steel coffer dam in water 3 ft. deep. An ex- 
cellent photographic story” of the underwater demolition 
of a fallen steel crane appeared recently. Salvage work 
on sunken ships is described by Trunschitz’ and Brusch.* 
The gas consumption, according to the latter, was 7.5 
cu. ft. hydrogen and 10 cu. ft. oxygen per sq. in. of cut 
surface. 

Perhaps the most common application of the under- 
water torch is to sheet Piette suggested 
that the piles themselves should be cut with the gas 
torch, whereas the interlocks are best cut with the oxy 
electric torch. To avoid the use of the oxy-electric torch 
another French writer® cut a hole 4 inches square in the 
female part so that the torch could cut from both sides. 
Nolles’® solution of the interlock problem is shown 1 
Fig. 3. The diver pulls aside the flap before making a 
straight cut across the pile. Costs and job speeds ior 
cutting */, inch piling at depths of 23 to 27 ft. with an 
oxyacetylene torch have been published.” 


The Underwater Oxy-Electric Torch 
Developed about 1915 the oxy-electric underwater cut- 
ting torch utilizes an arc to preheat the metal and to pro 
vide a jacket of gas around the oxygen jet or jets, which 
issue from the hollow electrode. The electrode may be 0! 
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Fig. 5—Hagglund'’s*® Conception of the’Formation of a Vapor Bubble in 
Oxy-Electric Underwater Cutting 


carbon or metal. According to a German welding text- 
book*! the oxy-electric torch is neither economical nor 
practical. The following paragraphs show that the 
oxy-electric torch is applicable at any depth, is relatively 
simple and rugged, but is slow; the electrode must be 
replaced at relatively short intervals and the shape of the 
nozzle is not controlled. 

The graphite electrode 12 inches long, Fig. 4, is usually 
rectangular in section*? (400 to 1000 amp., 90 to 100 
volts, 220 amp., 55 volts are said'* to be minimum) and 
is pierced with two holes for oxygen. In some designs** 
the oxygen passages are lined with brass tubes '/, inch 
od. The life of an electrode is about 30 minutes. The 
electrode is held in an insulated handle carrying a shield. 
A long are ('/; inch**) is drawn to form a globule of 
vapor, which overcomes difficulties due to the electric 
and thermal conductivity of the water. Hagglund’s® 
conception of the vapor globule is shown in Fig. 5. In 
order to reduce leakage of current in salt water the car- 
bon is taped to the tip. The oxygen pressure is 75 Ib./in.* 
(thickness not stated) at 33 feet. With an are !/; 
inch long (220 amp., 55 volts) the kerf is '/. inch wide. 

Oxygen is the cutting medium so that the cut resem- 
bles an oxyacetylene cut rather than an arc cut, yet 
Skerrett** used the oxy-electric torch to cut cast iron 
and non-ferrous metals* under water. Cast iron 1°/, 
inches thick was cut at the rate of 4 to 6 inches per hr. 
Iron wire in the oxygen tube facilitates cast iron cutting.'®! 
Acetylene is not a desirable addition to the oxygen,*' 
because back firing occurs. On account of reduced 
shock hazard, d.c. is preferred to a.c. Ammeter records 
of oxy-electric underwater cutting have been made“ but 
have not been made public. Air can be substituted for 
oxygen, according to Holslag.® The voltage must be at 
least 90 and increases as the depth increases. 

Applications of the graphite oxy-electric torch up to 
120 ft. deep are described by Hagglund.* It has been 
used successfully on steel piling,” twelve standard 
14-inch steel piles */s; inch thick with a thickness of 4 
inches of steel and concrete at the joints being cut®™ in 
an 8-hour day (300-600 amp., only 50 volts, oxygen pres 
sure = 90 Ib./in.*) at a depth of 8 feet. 

Instead of a graphite electrode, a slag-covered and 
varnished, hollow steel electrode 32 inches long (weight = 
0.67 Ib.) has been used.*!*! The electrode is 0.32 inch 
0.d., 0.16 inch id. (150-180 amp., d.c., or 225-250 
amp., a.c., 55 volts). The oxygen pressure is 43 Ib./in.* 
above water pressure; that is, 85 to 93 Ib./in.? at a depth 
of 100 ft. The electrode is inclined to the surface unless 
holes are to be cut. Cutting speed is 20 to 25% of the 
speed of the oxyacetylene underwater torch, but Nolles® 
points out that the speed of the oxy-electric torch is 4 to 5 
times greater underwater than in air. The electrode must 


be the positive pole to prevent formation of an explosive 
mixture of hydrogen and oxygen, and the oxygen con- 
sumption is 380 to 470 cu. ft./hr. The covered electrode 
is gradually consumed during cutting. The flux may 
stabilize the arc.*” Good results were secured at a depth 
of 114 ft. The ratio of weight of electrode consumed to 
weight of metal removed is 1.2 to 2.5. 

An oxy-electric underwater torch with an electrode 
consisting of an extra heavy copper pipe */s inch o.d., 
1/y¢ inch i.d., 2 ft. long has been used,** the oxygen pres- 
sure being slightly greater than water pressure (no 
details). 


Arc Cutting Underwater 


Using an amorphous carbon electrode 0.47 inch 
diameter (300 amp., straight polarity 40-50 volts), 
Hrenoff and Livshitz®* were able to cut mild steel plates 
0.39 inch thick at a depth of 1 foot. In this steel, holes 
a little larger than the electrode could be cut without dif 
ficulty by means of a covered mild steelelectrode. A steel 
electrode covered with cement, then with a layer of 
newspaper soaked with waterglass or gum arabic was 
used by a Russian investigator’ for underwater cut 
ting. Electrodes 0.20 and 0.39-0.47 inch diameter were 
used at 250-280 and 500-550 amp., respectively 


UNDERWATER WELDING 


Metal Arc Welding 


Investigations in this country and in Russia show that 
arc welding underwater is more difficult than in air 
chiefly because the arc is less stable and visibility is poor. 
Hibshman, Jensen and Harvey** eould weld only with 
covered electrodes. The arc from a bare electrode was too 
unstable to manipulate and burned holes in the steel. 
The product of welding with bare electrodes was a 
quantity of hollow metal spheres '/¢, to */ is inch diameter. 
The are consisted of a vapor pocket (are proper) sur- 
rounded by a mixture of superheated steam and incan- 
descent gases from the are, which were enveloped, in 
turn, by saturated steam. By forming a solid husk '/s 
inch long beyond the end of the electrode, tape or paper 
wound around a bare rod improved the welding charac- 
teristics. 

Eventually, good welds were secured with two com- 
mercial covered electrodes, one of organic type, the other 
of mineral type. The technique was described as balanc- 
ing the electrode over the arc as though it were an in 
flated ball to be held underwater. Evidently, the back 
pressure of the arc is greater in water than in air, even 
if buoyancy is considered. Vertical welds were more 
difficult to deposit than horizontal welds. Salt water 
created no difficulties, except that leakage of current was 
greater. 

Tensile and bend tests on V and X butt welds made in 
the flat position on mild steel '/,-*/s inch thick were 
satisfactory. Machined tensile specimens broke outside 
the welds, which were made at a depth of | to 6 feet. 
The grain size and width of the heat-affected zone were 
smaller in water than in air as a result of the quenching 
effect of the water. Nitrides were not observed. Cast 
iron appeared to weld as readily underwater as in ait 
(no details). 

The Russian investigators arrived at about the same 
conclusions as Hibshman and coworkers, but were not 
nearly so adept at welding. A special coating was re 
quired for the electrodes, which contained 0.13—0.20 C 
The first layer contained 2% MgCoO, in addition to 
iron oxide and waterglass. In sea water the coating had 
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Table 5—Underwater Welding with Covered Electrodes. 
Hrenoff and Livshitz** 


Diameter of Open-Circuit 


Electrode, Inch Current, Amp. Are Voltage Voltage 
0.28 190-210 35-40 85-95 
0.20 160-180 30-35 80-85 

to be varnished to prevent disintegration. Welding 


conditions, Table 5, were about the same as in air. The 
arc from electrodes less than 0.16 inch diameter was too 
unstable to manipulate. The water was 6 to 12 inches 
deep yet although no goggles were required, the visi- 
bility was bad. The coating clouded the water and 
bubbles of hydrogen rose from the arc. The electrode 
seemed to melt slower, the base metal faster, than in air. 
The hardness of the mild steel deposit was 164 Brinell. 
Both investigators referred to the production of colloidal 
metals by means of an underwater arc but neither de- 
termined the extent to which metal enters the water 
through the arc gases in underwater welding. 


Carbon Arc Welding 


In 1927 small tanks of alloy steel that had to be water- 
cooled to prevent structural disturbances during welding 
were carbon arc welded by a well-known firm.® Under- 
water carbon are welding was recommended for steel con- 
taining 12% Mn. Hrenoff and Livshitz** fillet welded 
mild steel plates with an amorphous carbon electrode 
0.47 inch diameter straight polarity. The visibility 
seemed to be a little better than with a metal electrode. 
Brannt'’ used a jet of compressed air to surround the 
are during carbon arc welding under water. Tantalum 
sheets are flange® welded while immersed '/, inch deep 
in carbon tetrachloride without filler rod using a hard 
carbon electrode '/, inch diameter (straight polarity, 
arc voltage = 25). The current is 15 amp. for sheets 
0.005 inch thick and 60 amp. for sheets 0.025 inch thick. 
The liquid prevents access of air during welding. 


Gas Welding 


Many patented underwater cutting torches” were 
said by their inventors to be suitable for welding but 
seemed rarely to have been used for that purpose. 
Polland'* had seen welds in thin mild steel plate that had 
been made with an underwater oxy-hydrogen torch. 
The joint was of very low quality. It was believed that if 
both sides of the parts to be welded could be surrounded 
by air, the high temperature necessary for welding could 
be secured and better welds could be produced. Accord- 
ing to Young,’ underwater gas welding was still un- 
successful in 1937. 


Resistance Welding 


Seam welding sometimes is performed with the parts 
underwater. Aside from cooling the wheel, the water has 
no apparent effect. Ward® found that spot welds in 
duralumin 0.018 inch thick had less desirable structure if 
made under water than in air. Resistance butt welds in 
permalloy wire 0.011 inch diameter could be made suc- 
cessfully by Pfeiffer'® only under carbon tetrachloride. 


Electrolytic Welding 


Welding may be done through’? the medium of heat 
generated by electrolysis and arc effects in a liquid 
electrolyte, such as 25% H2SO,. 


ARC CUTTING 


The cutting of metals with the electric arc is performed 
by drawing an arc between the cutting electrode, which 
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may be carbon or metal, and the metal to be cut. The 
arc is a concentrated source of heat and brings only that 
part of the metal to the melting point which is in the 
immediate vicinity. The metal is removed from the kerf 
principally by melting, although partial oxidation of the 
metal” also plays a part. The oxidized portion may act 
as a lubricant, tending to slide away from the puddle of 
molten metal. A comprehensive account of are cutting 
is given by C. H. Jennings.” Despite the wide kerf and 
rough surfaces produced by arc cutting, the process js 
approved for the cutting of plates in the A. S. M. E£. 
Code for Boilers of Locomotives (1937, paragraph L-50). 
Although cutting may be accomplished with the atomic 
hydrogen torch*! or by an electrolytic process, neither is 
of any industrial importance. 


Carbon Arc Cutting 
The Cutting Electrode 


As Jennings® and others®-** have found, graphite elec- 
trodes are preferable to ungraphitized carbon electrodes. 
The electric resistivity (ohm. mm.*?/m.) of graphite is 
6 to 12, of ungraphitized carbon 30 to 100, all at 20° C., 
copper being 0.017. For the same loss of weight graphite 
can be heated 200° C. higher in air than ungraphitized 
carbon. Graphite is far easier to machine than carbon 
and the arc is said to be steadier with graphite.” Never- 
theless, the Lincoln Handbook" states that carbon 
usually is used for cutting electrodes, although graphite 
has 5 to 10 times higher conductivity. A rectangular 
graphite electrode with a filling that liberates oxygen 
during cutting is recommended by Holslag,® who used an 
air blast to drive away the molten material during 
horizontal cutting. Copper plating the electrode 
(*/,inch diameter) did not prevent wasting in Kearney’s” 
experiments, because the copper melted away. 

The electrode is tapered, according to Kearney,” 
whose electrode was */; inch diameter, tapering to */ » 
inch diameter in 4 inches at the end. A large clamp, 
which Kearney describes, grips the electrode */, inch 
beyond the taper. During operation at 500 amp. the 
electrode becomes white hot, the taper being maintained 
throughout the life of the electrode. If it is gripped too 
far beyond the taper, the diameter of the electrode is 
reduced uniformly to */,. inch in 1 hr., and the current 
falls to 150 amp. MacFarland™ describes a carbon arc 
cutting electrode with a copper coil for water cooling and 
a central steel tube which holds the graphite, and by 
being magnetized by the are current, blows the arc 
toward the end of the cut. A water-cooled arc stabilizing 
coil was devised by Rinsky,'* who paid close attention to 
the ground connection. In arc cutting a circle he changed 
the location of the ground connection four times, always 
endeavoring to have the leads parallel to the cut. 


Line Cutting 


held perpendicular to the surface, the are being held at 
the edge until melting has begun.® The electrode then 
is advanced, the arc is directed on the metal at the end o! 
the cut, and the end of the electrode is in the groove. 
Slanting the electrode backward so as to undercut!" is 
good practice (see Welding Handbook, 1938 Edn., Fig. 2, 
page 330) to permit the metal to drop from the keri. 
It is often necessary to follow the molten metal down 
with the are to maintain fluidity, especially in heav) 
cuts.™..%.65 An English journal® prefers to cut heavy 
sections from underneath or ‘‘from a vertical face tipped 
more than 90° so that the metal can flow away.” R'n- 
sky'* tilts the plate 70° to the horizontal, and holds the 


To cut material up to '/, inch thick the electrode 1s 
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electrode above the plate at 30-40° to the horizontal. 
The cut is made in a downward direction. The Lincoln 
Handbook™ recommends applying the are to the lower 
side of the material, starting the cut at a lower corner and 
working up the side. The upward motion is repeated as 
often as necessary, and is opposite to the motion sug- 
gested by most writers. 
- The arc cut is not so smooth as an oxygen cut because :” 
|) the are is unstable, (2) the melted metal solidifies in 
the cut when the are is momentarily directed to another 
point, (3) there is no blast to blow the molten metal 
from the kerf. Smoothness is favored, according to 
Owens,” by concentrating attention to that edge of the 
kerf which is to be used, and by passing the are over the 
finished cut to remove irregularities. Constant are cur- 
rent and steady feed likewise are essential. 


Speed and Energy 


The speed of are cutting mild steel as a function of 
plate thickness, according to Jennings” (see Welding 
Handbook, 1938 Edn., pp. 330-332), decreases from 
75 ft./hr. for plates '/, inch thick to less than | ft./hr. 
for plates 1 foot thick. Other authorities® are in close 
agreement with Jennings, with respect to both speed and 
current.** However, deJessey'*' recommends only 125 
175 amp. for an electrode 0.32 inch diameter, and 500-600 
amp. for an electrode 0.79 inch diameter. He reported 4.3 
and 2.0 in./min. as speeds of cutting plate 0.39 and 0.79 
inch thick, respectively, with a carbon 0.20 inch diameter, 

250 amp., 80 volts. These speeds are only '/, to '/; 

those reported by Jennings who used 400 amp. and a 
carbon !/, inch diameter. Using 0.20-inch electrodes at 
300 amp., yy cut steel 0.08 and 0.32 inch thick 
at 107 and 28 ft./hr., respectively. At 500 amp. (0.20- 
inch electrodes) the speed was 125 and 60 ft./hr. for 
plates 0.12 and 0.32 inch thick, respectively. Under the 
former conditions the consumption of graphite electrodes 
was 4.1 and 14 Ib./100 ft., respectively. Schimpke and 
Horn*! reported that 10 to 50% less time is required in 
cutting cast iron than mild steel because the former has a 
low melting point. Cast iron also absorbs only one half as 
much energy as mild steel. A rule often quoted by early 
writers” on are cutting was that 1 sq. in. of kerf cross 
section could be cut in a minute for each 100-amp. 
increment of current. The rule is not substantiated by 
Table 7, nor does it suggest a reasonable basis for esti- 
mating the most efficient conditions for are cutting. 
The calculated energy to merely melt unit volume of 
kerf is approximately 15% of the energy consumed in 
arc cutting mild steel | ‘atta thick. 

The energy required for arc cutting, Table 6, increases 
rapidly as the thickness increases. Cutting speed can be 
increased by increasing the current, Table 7. The arc 
voltage® ranges from 25 to 45, but may rise to 65 volts 
at 1500 amp., which is the limit of practical are cut- 
ting.“ Are length, which governs voltage, should be 
only half as great in cutting as in carbon are welding in 
order to concentrate heat at the desired spot, according 


Table 6—Energy Required for Arc Cutting Mild Steel Plates 


Plate Thickness, Cutting Speed, Kw. Hr. per 


Inch Ft./Hr. Foot of Cut Reference 
0.20 56 0.77 69 
0.39 39 1.4 
0.39 25 1.5 41 
0.56 21 
0.79 20 2.5 «1, 6 
1.58 7.47.7 at, 
Sauer'® quotes the same apeeds as Ref. 69, but only '/» to ?/; as 


much energy. 


Table 7—Increasing the Cutting Speed (Ft./Hr.) by Raising 
the 
Plate Thickness 
of Mild Steel, Arc Current, Amp 
Inch 300 500 700 L000 
1/5 17 30 40 60 
l 8'/, 15 20 30 


5 Sly 


to Warner.’' On the contrary, Atkins and Walker” use 
as long an are as possible, '/, to 2 inches. In 1901 a 
steel bar’* 6 inches diameter was cut in 20 minutes with 
a d.c. carbon are, 180-200 amp., */, inches long. The 
slow speed probably was explained by the low current 
rather than the long are. Kearney® found that when the 
are is playing on solid steel, that is, when the upper 
portion of the cut has progressed farther than the lower, 
the arc is noiseless. As the metal directly below the are 
melts there is a slight roaring. Warner,’' on the other 
hand, recommended handling the arc so that it always 
sang. 

All authorities‘ agree that the carbon electrode 
should be negative; otherwise it is difficult to control the 
are and the electrode becomes blunt. The electrode also 
becomes blunt if a.c. is used instead of d.c., the cutting 
speed*!.*3 being only 80% as great with a.c. as with d.c. 
Although Johnson” was successful in opening blast fur- 
nace tap holes with the a.c. carbon arc, his difficulty im 
piercing holes in salamanders perhaps was related to his 
use of a.c. instead of d.c. 


Width of Kerf 


According to Eschholz,” the width of the kerf increases 
as the diameter of the arc intreases; consequently, 
Eschholz inferred that the width should vary with the 
square root of are current. From the practical view- 
point the width must be slightly greater than the diameter 
of the electrode.™ Hence, Owens” and others state that 
the minimum width of kerf is secured with rectangular 
electrodes. In thick material the kerf must be sufficiently 
wide to allow the are to reach the bottom of the cut 
without jumping to the sides of the kerf. Quoted 
values’ of kerf width in '/.-inch plate vary from to 
*/s inch at 250-300 amp., to */, inch at 500-050 amp. 
Unfortunately, the diameter of the electrode was not 
stated. 


Cutting Round Bars 


Approximate speeds for cutting round bars by means of 
the carbon are are given by Jennings” (see Welding 
Handbook, 1938 Edn., p. 331). The cut is started at 
the bottom,” the kerf being 1 inch wide at the surface of 
a shaft inches diameter and decreasing to '/, inch 
wide at the center. The metal at the axis of the shaft is 
difficult to cut because the are strikes to the sides of the 
kerf. 

Piercing Holes 

According to instructions by two authorities,” the 
arc is held stationary and perpendicular above the plate. 
When the hole has penetrated, the arc is removed to allow 
the molten metal to flow away. If the hole is to be en- 
larged the arc is restruck. A hole '/, inch diameter can 
be made in plate '/» inch thick with a graphite electrode 
'/, inch diameter at 300 amp. The are should be noise 
less until the hole has been pierced.” 


Rivet Cutting 


Rivet cutting by the carbon are process is described by 
Jennings” (see Welding Handbook, 1938 Edn., 431 
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332). As in line cutting, the electrode is negative” so 
that the crater is in the rivet shank to facilitate removal. 
As early as 1914’* graphite electrodes 1 inch diameter, 
6 inches long, were used by a railroad in dismantling coal 
cars. The graphite electrode had a life of 3 to 4 days, 
the are melting the rivet head in 30 seconds. Frickey® 
required 15 to 30 sec. for a rivet head (250 amp.), whereas 
Dralle,*' who describes resistances for car scrapping, re- 
quired only 8 sec. for a 7/s-inch rivet. The AMERICAN 
WELDING Society” quoted 100-200 rivets per hr.; 
Candy® melted 3100 °/s-inch rivets in a 10-hour day 
using 400 amp. A 2000 kw. rivet-cutting installation for 
20 cutters, 300 amp. each, is described by MacCorkle.”® 
Owens** did not approve of carbon arc cutting for rivets 
because the hole and plate surface often were damaged, 
which necessitated scrapping the plate. 


A pplications 


Before the oxygen cutting torch was developed, carbon 
are cutting was more prominent than it is today. Steel 
and cast iron up to 12 inches thick can be cut, according 
to Jennings,” but most investigators” agree that the 
process absorbs unusually large quantities of power, if 
the steel is over | to 6 inches thick. Carbon are cutting 
is not affected by sand pockets,” cold shuts and scale. 
Although carbon are cutting (carbons */s to '/: inch 
diameter, up to 500 amp.) was used recently to dis- 
mantle** a three-story building and gas storage tank, 
the process is restricted mainly to scrap cutting.» The 
use of the carbon are for opening blast furnace tap 
holes®.° was patented in 1898.7 A 15-inch I-beam was 
cut with the carbon are by Frickey™ in 20 minutes, 
which is absurdly slow. Organization for hopper car 
scrapping, which was one of the principal applications of 
carbon are cutting, is described by Candy.* Mine car 
“hitchings’’ occasionally’ are cut by means of the carbon 
arc. Holslag® passes the carbon are over high-carbon 
cast iron to prepare the surface for welding so that the 
scarves will ‘‘take’’ the weld. 


ARC CUTTING WITH METAL ELECTRODES 


Covered electrodes"' may be used for are cutting, as 
Jennings® explains (see Welding Handbook, 1938 Edn., 
332-334). Bare electrodes are not satisfactory,** but 
may be used at high voltage, low current on the positive 
pole” to cut thin material.” The arc is held close to the 
molten puddle, which is allowed to flow away. The heat 
is more concentrated than in carbon are cutting,” the 
kerf being correspondingly narrow. In cutting scrap 
for open-hearth furnaces with covered mild steel elec- 
trodes, Lebrun®! used the formula: Amperage = 1270 X 
diameter of electrode in inches. 

Special covered electrodes for cutting whose coverings 
liberate oxygen are on the market.*! Since the cutting 
current is 50% higher than for welding, the electrode must 
be cooled periodically in water to prevent too rapid melting 
of the electrode and cracking of the coating.” The 
water produces oxygen, according to Holslag,” or steam, 
according to American Machinist,"' that blows the molten 
metal away. A long are must be held,*! and the electrode 
is negative.” The winding of a bare electrode with 
string**” that was soaked in water at intervals during 
cutting has been practiced. The string-covered electrode 
was used to pierce deep, small holes in armor plate. The 
covering prevents the arc jumping to the side of the hole. 
An electrode '/\, to */s inch diameter covered with an 
oxidizing substance, or a borax or silicate flux, or a sub- 
stance, such as carbon, to form an alloy of low melting 
point with iron has been used for rivet removal.**? A 
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3/is-inch electrode with coating of hydrated silicates and 
carbon '/;. inch thick, 250-300 amp., d.c., destroyed a 
countersunk rivet 1 inch diameter in 20 sec. To remove 
masses of frozen metal from the lip of a Bessemer Con- 
verter deJessey"*' uses a covered steel electrode, 0.79 
inch diameter, 3.3 ft. long, 100 volts, 1500-2000 amp. 

An electrode with coating that liberated free oxygen 
has been used for piercing holes. The electrode was 
pushed into the puddle as soon as the arc was drawn. 
Russian investigators’* developed a hole-piercing elec- 
trode 0.16—0.20 inch diameter with a covering 0.04 inch 
thick containing 60% powdered manganese ore, 20°% 
silica, 4% lime, remainder waterglass. Compared with 
a coating consisting of sand and waterglass, the special 
coating permitted 200% higher cutting speeds, Table § 


Table 8—Piercing Holes in Mild Steel with Covered Elec- 
trodes” 
Cutting Current, 


Plate Power Consumption, Time to Pierce a 


Thick- Kva. Hr. Amp Hole, Sec 
ness Ore- Sand- Ore- Sand- Ore- Sand 
Inch Coated Coated Coated Coated Coated Coated 
Electrode Electrode Electrode Electrode Electrode Electrode 

0.20 250 350 5 15 
0.39 1.9 3.6 250 350 6 32 
0.59 2.4 6.0 250 25 

1.0 4.3 14.6 250 40 


The open circuit voltage was 220 volts, a.c., the are 
voltage being 30 volts for the sand-coated electrode and 
10 volts for the ore-coated. The ore was said to evolve 
oxygen during cutting, and the coating formed a hull 
'/, inch long beyond the end of the core rod. 


The Arc Saw 


Arce saw is the name given to a rotating disk which 
cuts metals with the aid of heat supplied by electric 
current passing from disk to metal to be cut. The heat 
raises the temperature of the metal, thus weakening it 
and, to some extent melting it. The disk usually is 
notched to sweep away the heated metal. The name 
“are saw’ is misleading, for Neiss'“ was unable to cut 
successfully using an are welding generator, (60 volts 
0.c., 24 volts arc, 200 amp.) as a source of heat. It was 
computed that */s lb. of steel should be melted in 35 sec. 
but instead the disk burnt away rapidly regardless oi 
polarity, and the steel remained uncut. 

Reducing the voltage between disk and metal to be cut 
to 8 or 10, and increasing the current to 2200 amp. 
(6500 amp./in.*) yielded excellent results, because it was 
believed that arcing was suppressed and was replaced 
by an action (no details) similar to flash welding. The 
disk**.!" was 32-64 inch diameter and had coarse teeth 
with flat tops 0.16—0.24 inch circumferential distance. 
Smaller wheels overheat. The peripheral speed is 300) 
to 450 ft./sec., the cut is 0.34 inch wide, and over 500 
sq. in. can be cut without dulling the teeth visibly. 

Between teeth the air oxidizes or burns the crater, and 
a spray of metal droplets is formed. If the ratio of cur- 
rent to cutting speed is too low the cutting action re- 
sembles a hot saw. If the ratio is too high the cut is 
rough. Since the cut edge in mild steel consisted of a 
heat-affected zone only 0.002 inch deep and a distorted 
laver 0.016 inch thick, and since only a compressed layer 
0.01 inch thick was observed in are sawn cast 
bronze, the sawing action seems to predominate over tlic 
are cutting action. Furthermore, a hard ledeburitic 
layer was observed on arc sawn surfaces of cast iron only 
if the cutting speed was exceptionally slow. In cutting 
mild steel there is an adhering layer of porous material 
0.08 inch thick, which can be removed easily. In other 
metals the cut is sharp and smooth, except for slig!t 
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ridges caused by vibration of the disk. Of the metal re- 
moved from the cut 25% had not melted; the remainder 
had melted and oxidized. The energy required, Table 9, 


Table 9—Arc Cutting Saw; Speed and Energy. Zimm’” 
and Neiss!”’ 


Cutting 
hickness Energy, Area Cut, Time, 
Material Inch Kw.Hr Sq. In./Kw. Hr See 
Boiler Plate 0.47 0.15* 39 585t 
Boiler plate 0.79 0.28* 34 250f 
Boiler plate .57 0.83* 23 ORt 
Structural steel channel, 8 in. wide, 0.13 39 7 
0.34 in. web, 13 
Ib. /ft 
Structural steel channel, 10 in. wide, 0.2 37 12 
0.39 in. web, 26 
Ib. /ft. 
Structural steel I beam, 10 in. high, 0.3 28 15 
0.37 in. web, 28 
Ib. /ft 
Structural steel channel 8.7 in. wide, 0.133 44 12 


3.2 in. flange; 0.35 
in. web, 5.8 sq. in, 
cross section 

Structural steel I beam 12 in. high, 0.28 38 20 
0.43 in. web, 10.7 
sq. in. cross section 

Structural steel! I beam 16 in. high, 0.47 34 35 
0.57 in. web, 18.3 
sq. in. cross section 

Structural steel I beam 20 in. high, 0.8 35 45 
0.71 in. web, 27 
sq. in. cross section 


Structural steel bar 3 inches diam. 0.4 17 21 
Structural steel bar 3 inches square 0.62 14 30 
Hypereutectoid 2'/, inches diam 0.3 20 12 
tool steel 
Railway rail 5'/2 inches high 0.21 19 9 
Gray cast-iron 1.0 0.77* 16 a0t 
plate 
Cast bronze bar 6 inches diam 1.9 16 90 
* Kwh./ft 
Ft./hr 


is 1 kw. hr. for 12 to 15 cu. in. in 40 to 50 sec. for simple 
steel sections. The energy presumably includes both the 
heating current and the driving current. In the saw 
described by Neiss'” the motor driving the disk required 
§ to 12 kw., compared with an additional 40 kw. supplied, 
it is presumed, mainly as heat during the cutting of a 
\2-inch I beam. The power required by the motor dur- 
ing cutting was not stated. A plot of energy vs. cross 
section to be cut indicated 0.23 kw. hr. for zero cross 
section. It was computed that the thermal efficiency of 
the saw was 43%, the combined thermal and electrical 
efficiency being 27%. 

An arc saw used in this country” was fitted with a steel 
disk 0.14 inch thick to cut mild steel, and with car 
borundum or copper alloy disks for other metals. The 
disk was belt driven to accommodate sticking, and in- 
creased gradually in diameter during service because 
particles adhered. It was more convenient to supply the 
low voltage required by means of a.c. rather than d.c. 
A sector-shaped toothed disk with arc blow magnet was 
patented by Grumpelt in 1929, a high-voltage, low-cur- 
rent saw was patented in 1921 by Holz and Fahy, and a 
low-voltage, high-current saw was patented in 1890 by 
a German firm (DRP 53, 224). 


Arc Cutting Alloy Steels and Non-Ferrous Metals 


Unlike oxygen cutting, arc cutting (carbon or metal 
electrode) is applicable to practically all metals. The 
cutting speed and power‘! seem to vary with the melting 
point (specific heat of fusion, thermal conductivity) and 
arcing characteristics of the metal to be cut. In carbon 
arc cutting copper alloys, according to Bissell,” the 
action consists of melting, oxidation, and vaporization. 
Voluminous fumes should be expected. Vaporization is 
desirable from the standpoint of cutting speed and 
is favored by holding a short are at high current (900 
amp.). A graphite rod 8 inches long, 1 inch diameter 
tapered for a distance of 7 inches to a tip 1/, inch diameter 
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must be used to maintain the are at the tip. A smooth 
cut 1 foot long and ‘/s; inch wide was made in 5 min. in a 
casting (88 Cu, 10 Sn, 2 Zn) 1'/. inches thick. The heat- 
affected zone was 0.7 inch thick back of a cut (700 amp.) 
in a copper alloy riser 4 inches thick. Only '/s to '/, 
inch of the zone had undesirable structure and required 
machining. Candy‘ cut copper billets 4 x 5 inches 
with the carbon arc in 7 minutes at 950 amp., and cut 
copper-bearing slag 4'/, inches thick at the rate of 3'/» 
ft./hr. using 1000 amp. Copper plates 0.32 and 1.2 in. 
thick were cut with the carbon are by Meller'** at 200 
and 500 amp., respectively. If 1000 amp. were used to 
cut the thicker plate, a cutting speed of 3*/, {t./hr. could 
be maintained. Aluminum, copper alloys and white 
metal have been cut with the arc saw without clogging,” 
and Green" was successful in are cutting 18-8 stainless 
steel with the carbon arc. 


THE OXY-ELECTRIC CUTTING TORCH 


A hollow carbon or metal electrode through which 
oxygen was passed was used by a number of early experi- 
menters to open tap holes,” and by Holler and Schneider™ 
to cut steel and cast iron. Using a rectangular electrode 
0.16 x 0.32 inch., 160 amp., 30 volts, deJessey"*' made 
a cut */, inch. wide, 5'/s inch long (190 gm. of metal re- 
moved) in a steel plate 0.59 inch thick using 8'/) inch 
of electrode (67 gm). The intermittent use of oxygen or 
compressed air during are cutting having been found to 
be beneficial,” torches® utilizing the oxy-electric 
principle were manufactured that would cut practically 
all metals, including alloy steels, brass, zinc and lead 
For example, a patent'* issued in 1934 applies to a water- 
cooled electrode of non-magnetic metal (copper) with 
central hole for oxygen and arc blow magnet. The oxy 
electric torch has been used for underwater cutting (see 
section on Underwater Cutting), but is generally un- 
economical,*!"*! four to five times as much time, oxygen 
and electrode being required as in air. 

The use of an inner oxygen jet concentric with the 
electrode was unsuccessful in Rinsky’s'* tests. The are 
was difficult to control, because the un-ionized, cold 
oxygen tended to destroy the arc stream. Furthermore, 
the concentric channel quickly widened near the tip 
under the oxidizing action of the oxygen. The oxygen 
jet consequently became difficult to control. These 
difficulties were overcome by utilizing the arc for heating, 
and by providing a separate copper nozzle for the cut- 
ting oxygen. The carbon electrode and copper nozzle 
could be tilted at different angles to each other. The tip 
distance was 0.06-0.10 inch and the are was short, 
0.28-0.32 inch. In cutting mild steel 0.79 inch thick at 
240 amp., cutting speeds of 6S and 90 ft./hr. were 
achieved with oxygen pressures of 60 and 100 Ib./in.’, 
respectively. 


THE OXYGEN LANCE 


The oxygen lance is a pipe '/, inch diameter through 
which oxygen flows at a pressure of 75-100 Ib./in.* The 
cutting action of the oxygen is utilized for cutting and 
drilling unusually thick steel, cast iron or ferrous slag, 
including tap holes, spills and heavy risers. The section 
on Lance Cutting in Welding Handbook (19358 Edn., pp. 
518-320) and articles in Oxy-Acetylene Tips,'** The Com- 
plete Welder,‘ and by Rogers are concise and authorita 
tive. Only a brief summary of these papers will be 
given in the present review. The remainder of the 
literature on lance cutting either is included in the two 
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authorities quoted above, or is comparatively unim- 
portant. 

In 1902 the oxygen lance‘ replaced oil and gas torches 
fortified with air jets’ for opening furnace tap holes. 
As Carter’ pointed out, volume is more important than 
pressure in opening tap holes. He used 60 Ib./in.?, 
manifolded five oxygen cylinders, and recommended 
heavy duty regulators to withstand accidental plugging 
of the lance. In disagreement with present practice, 
Clements™ recommended wire-armored rubber hose for 
lance connections. The Open-Hearth Committee! 
believed that oxygen from the lance may form MnO at 
the tap hole, which may improve the heat. Old lances for 
tap holes were provided with graphite, magnesite or 
carborundum tips.‘ Aside from a wooden sheath,‘ 
the lance is not now protected in any way. 

Spills’ and salamanders'” yield readily to the lance. 
In cutting slag’* the oxidation of the lance pipe drills the 
hole. Holes 4 in. diameter in slag or brickwork are made 
by forming a puddle of molten slag and moving the 
lance in small circles advancing gradually. A handful of 
aluminum shot added to the slag puddle accelerates cut- 
ting. Ferrosilicon added to the slag puddle thins the 
slag. To cut dirty material heavy pipe may be needed 
or steel rods may be inserted in the lance pipe. To cut 
a hole 1.2—1.4 inch diameter, 24 inch long in a steel 
furnace tap hole in 15 to 20 min. with oxygen at 15-30 
Ib./in.? required 210-420 cu. ft. of oxygen, according to 
Keel,” whose lance was 0.59 inch o.d. A hole 1.2-2.8 
inch deep consumed 3.3 ft. of lance pipe. Sannemann'" 
sometimes uses a string of pipes as high as the furnace in 
drilling deep holes in blast furnace salamanders. The 
string is lowered by a pulley. After the holes are drilled 
by lance to a maximum depth of 30 inches, Sannemann 
uses dynamite. The lance may be used to remove hot 
tops,'' and ladle skulls,'!! and to open ladles. 

Hole cutting is a valuable function of the lance. A hole 
2 inches diameter has been drilled'® in a chromium- 
nickel steel shaft 2'/, ft. long, 8 inches diameter. To 
pierce horizontal holes with the lance in plates over 3 
inches thick, Ross'' used the same pressure as for oxygen 
cutting the plate. “‘Down” holes from which the slag 
must be expelled required higher pressure and oxygen 
consumption'® than “up” holes from which the slag 
flows by gravity. 

A hole 2'/, inches diameter, 1 ft. deep can be drilled in 
2 minutes (not including change of pipes) into the dirtiest 
steel, pig iron or slag. The total time is 5 minutes. The 
hole'® requires 45 ft. of '/,-inch pipe and 100 cu. ft. 
oxygen at 90 Ib./in.? Narrower holes, 1 inch diameter, 
require only 40 Ib./in.*, 20 cu. ft. of oxygen and 12 
feet of '/s-inch pipe being required for a hole 1 ft. deep 
in pig iron. Less oxygen is required for clean steel. For 
small holes the pressure is increased from 5 Ib./in.* at 
the surface to 35 lb./in.* at a depth of 5 ft. Prior to 
dynamiting,'” holes 2 inches diameter, 1 ft. deep were 
lanced in steel slabs 2 ft. thick in 2'/, to 3 min. The hole 
was started with burning coal in 1 min. DeBuccar'® 
uses a pipe 0.32—0.39 inch o.d., 0.16—0.20 inch i.d. filled 
with three or four iron wires 0.06—0.12 inch diameter to 
pierce holes in large cast-iron parts. The oxygen pressure 
is 85 to 170 lb./in.* The time to pierce a hole in cast 
iron 4, 8 and 24 inch thick is 20-25, 40-50, and 55-65 
sec., respectively. A hole 1 inch diameter, 16 inches deep 
in cast iron consumes 4.9 ft. of pipe with wire, and 35 
cu. ft. of oxygen. After several holes have been lanced 
the part may be fractured through the holes by applying 
cold water to the hot surfaces. The wire in the lance 
dilutes the carbon content of the material in the kerf and 


copper lance pipe, '/s inch diameter, which is not con- 
sumed during drilling, is used. The lance is pressed 
against the bottom of the hole during drilling. There 
seems to be no close relation between the diameters of 
lance pipe and hole. 

The simultaneous use of lance and cutting torch often 
facilitates extremely heavy cutting. Ingots of 3% Ni 
steel have been cut with a portable machine torch 
(50-60 Ib./in.?, 12'/.-15 ft./hr.) supplemented by a ! 
inch lance when the drag became too large.'"® The lance 
cuts the metal under the hot slag produced by the torch.'" 
The lance then is moved slowly down the face of the cut 
behind the advancing incandescent region. Upon reach- 
ing the bottom, the lance is moved leisurely up to the 
starting point. Masses over 5 ft. thick can be cut at 
1100 sq. in./hr. For instance, a lance and torch made a 
cut 30 inches long in a slab 3 ft. thick in 1 hr. using 1250 
cu. ft. oxygen, 35 cu. ft. acetylene, and 50 ft. of '/,- 
inch pipe. A writer in Jron Age!" stated that the lance- 
torch combination is unnecessary in cutting steel up to 
5 ft. thick. A cut in steel 5 x 7 ft. was made without the 
assistance of a cutting torch. 


OXYGEN DESEAMING 


The removal of cracks and other defects from billets, 
slabs and ingots by means of an oxygen jet with concentric 
oxyacetylene preheating flame is known as oxygen de- 
seaming. The oxygen jet transforms the perheated steel 
in the vicinity of the defect into a mixture of liquid meta! 
and oxide, which is blown away as the defect vanishes. 
In all oxygen deseaming and machining processes the 
jet is directed so as to blow the slag forward in such a 
way that the gouge isclean. The process may be manual, 
the jet being guided by hand over the cold or hot steel, 
or mechanical in which the hot steel is guided past banks 
of deseaming torches. The characteristics of the process 
are tabulated in Table 10. 


Table 10—Characteristics of Manual Oxygen Deseaming 
Characteristic 
Size of Gouge 
1 in. wide, 0.12—0.20 in. deep 


Reference 


Granier! (1938), Soudeur- 
Coupeur!!® (1932) 
1.1 in. wide, 0.12 in. deep Shamovsky'® (1939) 
in. wide, */;.—'/s in. deep Thum? (1936) 
1-2 in. wide Turban!*! (1934) 
Width should not be less than 4 Farr!*? (1935) 

times depth 

Diameter of Oxygen Nozzle 
0.20—0.36 inch 
0.156 inch 

Diameter of Preheating Jets 
0.0465-—0.9595 inch 

Type of Preheating Flame 
Slightly oxidizing (O.-C,H; ratio Farr'?* (1935) 


De Lempdes!* (1935) 
Thum!” (1936) 


Farr'*? (1935) 


= 1.2-1) 
Gouging Speed, Ft./Min. 

90 Thum!”* (1936) 

30-50 Farr!?? (1935) 

33 (10 to 20 times faster than Granier' (1938), Soudeur- 
chisels) Coupeur'!® (1932) 

10-33 De Lempdes!** (1935) 

20-30 Turban!*! (1934) 

10-20 Holler and Schneider™ (1955 


Rate of Removal of Steel, Lb./ Hr. 
44 De (1935) 
Cutting Oxygen Pressure, Lb./In.? 
60 (for beginners) Farr!2? (1935) 
80-90 (best; faster than 60 Ib./ Farr!*? (1935) 
in.? without increased oxygen 


consumption) 
so facilitates cutting." 125 (difficult to secure uniform Farr!?? (1935) 
To pierce small holes”* in clean steel accurately a gouges) 
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51-88 Granier' (1938), 


Coupeur!® (1932) 


Soudeur- 


57-71 De Lempdes!”* (1935) 

43-100 Holler and Schneider!” (1935) 

43-57 Turban!*! (1934) 
Consumption of Cutting Oxygen, 

Cu. Ft./Hr. 

1250-1400 (best) Farr??? (1935) 

600-1150 Holler and Schneider’ (1935) 

700-900 Dobrowolski!** (1938) 

700-800 Granier!'§ (1938) 


670 (isolated defects) 
800 (wide, long gouges) 
250 800 
140-250* 
Pressure of Preheating Gases, 
Lb./In.? 
4'/, (acetylene) 
4!/,-53/, (acetylene) 
5-15 (regulator pressure) 
Consumption of Preheating Oxygen 
80-230 cu. ft./hr. 
to of the consumption of 
cutting oxygen 
1/4 of the consumption of cut- 
ting oxygen (general deseam- 
ing) 
'/, of the consumption of cutting 
oxygen (intermittent gouging) 
Consumption of Preheating 
Acetylene, Cu. Ft./Hr. 


Soudeur-Coupeur! (1932) 
Soudeur-Coupeur!!® (1932) 
Gorthon!* (1935) 

De Lempdes!** (1935 


Soudeur-Coupeur!’® (1932) 
Turban!*! (1934) 
Farr!?? (1935) 


Farr??? (1935) 
Thum!** (1936) 


(1936) 


Henrion!** (1936) 


70-150 Farr!?? (1935) 

50-100 Holler and Schneider (1935) 
14-48 Gorthon!* (1935) 

14-25* 


De Lempdes'** (1935) 
Consumption of Oxygen (Cu. Ft.) 
per Pound of Steel Removed 


19.5 De Lempdes!?* (1935) 
(1.6-2.0 cu. ft. acetylene per De Lempdes!** (1935) 
pound) 


2.5 (computed) Farr!*? (1935) 


Angle of Tip to 


Surface, Degrees Cu. Ft./Lb. 


15 23.5 Dobrowolski!** (1938) 
20 19.5 (oxygen pressure = 
30 15 60 Ib./in.*, gouging 
40 11.5 speed = 10 ft./min.) 
50 12 


* These values apply to practical conditions under which the 
torch is in use only 25 to 30% of the time. If the torch were oper- 
ated constantly, consumption would be correspondingly greater 


Torches 


The deseaming torch resembles the customary manual 
oxygen cutting torch, Fig. 6, may have a cylindrical tip and 
is unusually long. Length is essential in order that the 
operator may make long passes with the torch without 
being too close to the sparks. The preheat mixer and 
oxygen valve are in the handle. The copper tip is 
6 inches!” long and has a central oxygen exit with 6 or 8 
concentric preheating jets. No attempt may be made to 
shape the nozzle because a spreading jet is desirable. Its 
cylindrical form permits the tip to rest'*’ in the groove as 
the torch, which weighs'” about 12 Ib., is advanced. 
A short steel sleeve is fitted over the end of the tip to 
prevent wear as the torch slides along the groove it has 
cut. 

Three or more different tips may be supplied with each 
torch. The tips supplied with a torch''’.'!® of American 
manufacture are graded according to oxygen consum- 
sumption, the smallest (670 cu. ft./hr.) being for isolated 
defects and the largest (S00 cu. ft./hr.) being for long, 
wide cuts. The oxygen pressure was increased from 
51-74 lb./in.? for the smallest torch to 66-88 Ib./in.? for 
the largest. The two styles of oxygen nozzles described 
by Farr!* delivered practically the same amount of 
oxygen at a given pressure. The function served by the 
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Fig. 6—Deseaming Torch. Le Comte!*? 


Holes for oxyacetylene preheating mixture 
Hole for cutting oxygen 
Tube for preheating mixture 
Tube for oxygen 
—Annular chamber 


The largest deseaming torch is said to deliver 800 cu. ft. of oxygen per hr 


two tips was not made clear. Each style of oxygen 
nozzle was provided with two or three sizes of preheating 
jets (6 or 8 in number). According to Thum,'*® back- 
firing occurs if the tip is too shoft (inadequate conduc- 
tion of heat) or if the exit is eroded (bell-shaped). 


Methods 


In oxygen deseaming the oxygen jet is directed at a 
small angle to the surface to be deseamed. The jet 
spreads on contact with the steel to cut a gouge about 
'/s inch deep, 1'/2 inches wide, Table 10, and blows away 
the molten oxide in its path. The seam or defect always 
contains slag or oxide, especially after the first pass of the 
torch, which opens any cracks.'*! The slag appears white 
during deseaming and permits the operator to judge its 
removai. Usually the steel is pickled'*® (dil. H,)SO,) 
before deseaming. The effects of deseaming are so 
slight'*' as to disappear during subsequent reheating 
and working, as shown by tensile tests and microstructural 
examination. 

The first step in deseaming the inspected steel is pre- 
heating the start of the gouge. Thum mentions lighting 
the torch by contact with the work, the torch and work 
being part of an electrical circuit. The operator may 
raise a small nib!” and heat it to incandescence in about 2 
seconds to facilitate starting. The torch is held at an 
angle of 75° to the surface in starting, the tips of at least 
three of the preheating cones nearly touching the sur- 
face..'22 Wide starts are essential, especially to avoid 
ridges between adjacent gouges. When the preheated 
spot has reached the sweating point, the tip angle is re- 
duced to a smaller angle, 10 to 35° with the surface. The 
smaller the angle between tip and surface the smoother 
is the gouge and the faster is the process, but the gouge 
is shallow. A French authority'” uses an angle of 10 
“If larger angles are adopted the speed must be increased 
to maintain low oxygen consumption per unit of metal 
removed.”’ On the other hand, Holler and Schneider'®° 
believe that so small an angle as 10° can be used only 
under exceptional circumstances, the best angle being 
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25 to 35°. Shamovsky'” prefers 25-50°, Farr'** recom- 
mends 20°, Turban'*! 15°, Dobrowolski,'** 10 to 15°. 

When the spot is preheated and the torch has been in- 
clined 10 to 35° to the surface, the torch must be drawn 
back a short distance'** as the oxygen valve is opened in 
order that the oxygen jet will not overshoot the preheated 
spot. As soon as the oxygen valve is opened the torch 
must be moved forward,’ otherwise slag will clog the 
nozzle, which also will occur if the tip is held at too steep 
an angle. The oxygen pressure is 50 to 100 Ib./in.’, 
Table 10. If the oxygen pressure is too high, the jet 
does not gouge the surface, according to Holler and 
Schneider, '®® whereas too low pressure fails to blow away 
the slag. In Farr’s'*? opinion the best procedure is to 
make light, fast cuts and re-inspect after each. Deep 
gouges consist of a succession of shallow gouges. If 
adjacent cuts are required, the operator should perform 
the nearer gouges first, and should hold the tip'”* slightly 
to the right of the direction of motion to throw the oxide 
away from the remainder of the defective area. 

The consumption of oxygen, Table 10, depends on the 
tip and pressure, and is in the vicinity of 1000 cu. ft./hr. 
Consequently, manifolded tanks’! must be used. 
Some steels require higher oxygen consumption than 
others for deseaming.'*® Oxygen consumption per pound 
of steel removed was about the same as in oxygen cutting 
(2.5 cu. ft./Ib.) in Farr’s'** tests, but was unusually high 
in French'** and Polish'** tests. According to L. de- 
Jessey (private communication, August 1939, and 
Proc. Intnl. Acet. Congr. Rome, I, 370 (1934)), the 
oxygen consumption under average industrial condi- 
tions in France is about 3.5 cu. ft./Ib. 

The gouge produced by the deseaming torch is not de- 
carburized and is covered with a light, flaky oxide, 
according to Farr.'*? On the other hand, Thum!” and 
a French authority'” observed that the gouge was free 
from oxide and had a blue temper color. 


Preheated Steel 


According to Holler and Schneider,'°® deseaming 
speed is increased if the billet is preheated by passing the 
preheating flame several times over the defective area. 
Thum! preheated steel containing over 0.30 C to pre- 
vent cracks and observed cracks in billets (no details) 
that had been deseamed in extremely cold weather 
(—30° F.). Henrion'* facilitated deseaming by pre- 
heating to 150-250° C. Alloy steel billets were pre- 
heated'?* to 100-200° C. to avoid cracks. Using a 
manual torch 8 to 10 ft. long, de Lempdes'** deseamed 
blooms at 900—1200° C. during rolling. 


A pplications 


Nearly all the writers cited in the preceding paragraphs 
on deseaming describe applications. The deseaming 
torch'** was used in 1927. Farr'*? describes beds for pro- 
duction deseaming and states that the surface to be 
deseamed should be waist high. A particularly involved 
series of cracks 2 inches deep, 5 ft. long in a 18-ton mild 
steel bloom was removed by a French authority '!%!°6 
in 1'/, hr., the gouge being 8'/, inches wide and 
consuming 175 cu. ft. of oxygen. The deseaming cost 
was 8% of the value of the bloom. The deseaming torch 
removes hot tops'” and nicks ingots’’* to a depth of 2 
inches to facilitate breaking. The deseaming torch is not 
so satisfactory as the lathe'*’ in scarfing round billets. The 
deseaming torch is applicable to a wide variety of steels. 
Dobrowolski!** deseamed 3'/.% Ni steel, and Turban'! 
was successful with the following steels: 12% Mn, 
2 Ni-'/.Cr, 0.48 C-0.7 Mn, 0.4 C-1.82 Si-0.6 Mn, 0.83 
C-0.44 Si-1.06 Mn. 
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Fig. 7—Sketch Showing the Arrangement of Torches in Dobrowolski's'* 
Machine for Oxygen Desearming ~— Hot Billets and Slabs in the Rolling 
ill 


Oxygen Deseaming Machines 


Machines for oxygen deseaming red hot billets and 
slabs in the rolling mill are described by Lippert!*® and 
Dobrowolski.'** The hot billet (540-1100° C.) passes 
through the machine described by Lippert at 50-75 it. 
min. Twoor more banks of deseaming torches remove ! 
to over '/,inch from the surface. The oxidizing preheating 
flames raise the surface to 1430° C. The slag created by 
the low-speed oxygen jets is 20% oxide, 80% steel. Asa 
result of deseaming the surface temperature of the billet 
may rise 100° C. Ina machine of American manufacture 
described by Dobrowolski the billet moves 80-100 ft. 
min. past a bank of deseaming torches inclined 15° to the 
billet, Fig.7. The oxygen con$8umption per short ton 
(2000 Ib.) of billets, Table 11, decreases as the size of the 
billet increases, and is not proportional to the depth de- 
seamed. The acetylene consumption is 8 to 12% of the 
oxygen consumption. Bent quoted 60 to 90 sq. ft./- 
min. as the machine scarfing rate for plain carbon steel. 


Table 11—Oxygen Consumption in Machine Deseaming Al! 
Sides of Steel Billets. Dobrowolski'** 
Oxygen Consumption, Cu. Ft./Short Ton 


Depth Deseamed = Depth Deseamed 
0.06 Inch 0.12 Inch 


Dimensions of 
Billet, Inch 


2x2 280 470 
4x4 170 250 
8x8 70 120 
12x12 50 65 


OXYGEN MACHINING 


If a steel part is shaped by means of an oxygen jet 
instead of tools, the process is known as oxygen maclhin- 
ing or flame machining. The principal applications are 
planing and shaping, and cuts are designated as flat or 
oval, depending on profile. The cuts are '/, to 2 inches 
wide and 0.05 to 7/15 inch deep. Adjacent cuts may over- 
lap or trail, the nomenclature having been established.’”’ 
Although conveyor worms'*? 6 inch diameter, 48 inches 
long were oxygen machined in 1928 the process remains to 
a large extent in the development stage, as Crowe and 
Deming! explain. 

Oxygen machining may be performed with cutting 
torches. Keel,'** for example, grooved steel plates 0.:" 
inch thick (grooves 0.08—0.12 inch wide, 0.39 inch deep) 
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Table 12—Oxygen Gouging with Special Tips. Rockefeller’ (1939) 
Regulator Pressure, * 
Lb. per Sq. In Consumption, Cu. Ft. per Hr Approximate Approximate Gougt 
Diameter of Cutting Preheating Cutting Speed, Dimensions, In 
Nozzle, In. Acetylene Oxygen Acetylene Oxygen Oxygen I Min Width Depth 
0.13 10 30 35-38 35-38 SS—O2 1.4-1.6 AT 
0.19 10 40 50-55 50-55 188-192 1.8-2.0 
0.25 10 45 55-60 55-60 308-312 2.3-2.6 i/, 1/,-3/s 


* Pressures measured ahead of 12'/» ft. of 4 


at a speed of 2 ft./min. The torch was held at an angle 
of 45° to the surface. The gouging torches described by 
Rockefeller,’ Table 12, differ from cutting torches only 
in their bent tip and large oxygen passage. The torch is 
held 20° to the surface during preheating, 5° during 
gouging, or vertical if a single spot is to be gouged. Too 
low cutting oxygen pressure creates ripples in the bottom 
of the groove; too high pressure causes the gouge to 
become shallow. 

The rate of metal removal in oxygen machining may be 
600 to 900 Ib./hr. (Crowe and Deming'**), 450 to 1800 
lb./hr. (Moss'*) or 180 to 240 Ib./hr. (Helmkamp!*). 
The oxygen consumption is 2 to 2*/, cu. ft. per Ib. of 
metal removed, according to Moss,'® 3 cu. ft./Ib., 
according to Crowe and Deming,'** or about 5 cu. ft. 
per lb., according to Helmkamp.'® The gouging torches 
described by Rockefeller removed 15-125 Ib./hr. 
(5 to 2.5 cu. ft. cutting oxygen per Ib.). The unusually 
low rate quoted by Moss suggests that more base metal 
is removed in the unoxidized, molten state in oxygen 
machining than in oxygen cutting. Moss believed that 
more surface was presented to the oxygen jet in machin- 
ing than in cutting, and conjectured that preheated steel 
would reduce the oxygen consumption. Although Moss 
stated that the hardness of the steel did not affect the 
cost of oxygen machining, he did not discuss cracking. 

A typical application of oxygen planing is described by 
Helmkamp,'* who used an oxygen nozzle '/, inch di- 
ameter at 60-75 Ib./in.? lene pressure = 8 lb./in.*). 
The torch was inclined 25° to the surface and was moved 
10 ft./min. The oxygen consumption was 3.88 cu. ft. 
per lb. of metal removed. The gouges were wider and 
more shallow if the preheat jets were equidistant from 
the axis of the gouge than if one of the preheat jets was 
directed along the axis. In deepening a gouge with a 
second gouge the gouge tended to become narrower. 
The gouging torches described by Rockefeller were 
intended principally for preparing U weld grooves in 
plain carbon steel plates up to 0.35 C and */, inch thick. 
Gouging the root of a weld preparatory to a reverse bead 
was another application. Gray cast iron cannot be oxygen 
machined with the gouging torch. Moss!® states that 
oxygen drilling does not produce a smooth hole. Using 
a single tip (no details), Stewart'* reduced the diameter 
of a 4-inch shaft to 2 inches over a length of 12 inches in 
1 minute. Grudder'® describes several parts turned to 
shape in a lathe by the sole means of an oxygen cutting 
torch. 

The oxyacetylene flame, not the oxygen jet, was recom- 
mended by Boiler Maker! for producing non-skid pro- 
jections on steel floors. A small area of the plate was 
brought to the melting point and allowed to cool. In 
this way pit marks with rough, hard edges were formed. 
Welding electrodes or electrode holders have been used 
for similar purposes. '*! 
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SUGGESTED RESEARCH PROBLEMS 

1. A study should be made of the behavior (stability | 
of ares in liquids with special reference to are welding | 
(metal deposition, not colloidalization) in fav orable | 
atmospheres, perhaps for magnesium and other reactive | 
metals. To be sure, molten welds made by covered | 
electrodes are made under a liquid, which, however, may | 
contribute little to the arc atmosphere and may exert ) 


comparatively little thermal influence in maintaining a 
narrow heat-affected zone. 
2. What are the properties of surfaces cut by the , 
oxygen torch under water? The research should consider 
different carbon contents and thicknesses, including cast 
iron. Is the oxygen lance or oxyacetylene flame applica 
ble to the destruction of masses of concrete or rock under 
water? 
3. Further investigation is needed of the character- 
istics (are characteristics, speed of welding, heat utiliza- 
tion) of underwater arc welding. The strength and 
structure of the joints should be studied and alloy steels 
and non-ferrous metals might be included in the in 
vestigation. Can overhead welding be performed under 
water? 
4. A study of the possible carburization of the cut in 
oxygen machining and gouging, as well as the cracking 
problem in oxygen machining higher carbon and alloy 
steels and its prevention by preheating or postheating, 
as in flame softening. 
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Quality of Radiographed, 
Welded Pressure 


* 
Piping 
By M. ROS and E. BRANDENBERGER 


ROM 1935 to 1937 the Federal Materials Testing 
Pr institute at Zurich, Switzerland, made a large num- 

ber of tests on welded pressure piping to determine 
the effectiveness of X-ray examination. The investiga- 
tions included installed piping that had been in service 
for various periods, as well as recently fabricated prod- 
ucts containing butt welds of V, X and U types. The 
time consumed in radiography averaged 1 hr. for 40 
inches of weld in the shop; rather more time was re- 
quired in the field. 

The radiographs were compared with observations on 
trepanned specimens or with the macrostructure, micro- 
structure, static tensile strength and ductility, bend 
angle, fatigue strength, and notch-impact value of test 
plates. Trepanning repairs were a source of difficulty, 
Fig. 1, and trepanning was not done indiscriminately. 
The following conclusions were reached, and were veri- 
fied by extensive tests on three large penstocks 40-180 
inch diameter for pressures up to 1700 ft. of water. 

The static tensile strength and ductility of welds in 
mild steel plates 0.59-1.78 inches thick is the same as 
those developed in uni-axial tensile tests of the unwelded 
plate. Welds in plates over 2 inches thick are not ad- 
visable. The pulsating tension fatigue strength (1,000, 
000 cycles, lower stress approximately zero) was 22,700 
lb./in.* (limiting values were 20,000—25,600 Ib./in.*) for 
flat position welds, and 16,300 Ib./in.* (limiting values 
were 14,200-18,500 Ib./in.*?) for vertical or overhead 
welds, Fig. 2. The lower values were secured with the 
thicker specimens. Machining the surface of the weld 
flush with the plate, including removal of any undercut, 
raised the fatigue strength 30%. 

* Extracts from Bericht Nr. 122 of the Swiss Materials Testing Bureau at 


Zurich, May 1939, entitled ‘‘Erfahrungen mit réntegn-durchstrahlten, gesch 
weissten Druckleitungen und deren festigkeitstechnische Sicherheit,’’ 26 pp 


Fig. 1—Correct (Left) and Incorrect (Right) Methods of Plugging 
Trepanned Weld 


0, 
17,000 © 

Fig. 2—Fatigue Strength (Lb/In.") of Grade I Butt Welds 
71, = Stress cycle range ratio = 1.0 oy stress cycle range ratio + 0.5 
= 0 = yield strength 


Stress relief for not less than 2 hr. at 620° C. is re 
quired for welded pipes for which the plates must be 
bent to such an extent in fabrication that 50 7/R>1 
(T° = plate thickness, R = radius of pipe), that is, over 
1% cold work is performed on the outside fibers in bend 
ing. Welding without subsequent stress relief may pro 
mote aging and loss of notch-impact value 

In addition to the above, welds made in the flat posi 
tion in pipe made of low-carbon steel M I (not over 
0.15% C, tensile strength = 51,000-62,500 Ib./in.*) ful 
fill the following conditions: 


1. Microstructure: free from cracks 

2. Hardness: 115-170 Brinell, except for the sur 
face which may rise to 200. 

4. Tensile strength perpendicular to weld: 51,000 
62,500 Ib. /in.? 

4. Bend coefficient (50 7/R) = 34-24 for plates - 
0.47 inch thick. 

5. Bend coefficient (50 77/R) 
0.47—0.79 inch thick. 

6. Bend coefficient (50 7/R) 
0.79 inch thick. 
Under the best conditions a minimum pulsating tension 
fatigue strength of 75,600 Ib./in.* can be relied upon 

The corresponding conditions for all-weld-metal are 


24-19 for plates 


19-24 for plates > 


Hardness = 115-160 Brinell 

Tensile Strength = 56,S00-78,000 Ib. in 

Yield Strength = 35,600-49,700 Ib. /in 

Elongation = 25-15% in about 2 in. 

Bead bend test (quench effect of thin bead) IS—52 
for 50 7/R. 

Notch-impact value 
specimen 10 x 10 mm. 


not less than 4 mkg./cm.’, 


The pulsating tension fatigue strength of weld in high 
tensile steel M II (static tensile strength 6§0,000—68,000 
Ib./in.*?) is only about 10% higher than in mild steel 
It is essential to stress relieve all welds in the high-tensile 
steel, and the steel must be hot to the hand if welding is 
done when the atmospheric temperature is less than 
+ 10° C., in order to prevent cracks and martensitic 
structure. Complicated welded parts may be annealed 
above the upper critical temperature, conditions being 
favorable. Oxygen cut edges are machined to a depth 
of 0.04—0.06 inch to remove possible hair line cracks 
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Under all circumstances, the following must be 
avoided: cracks in weld craters; too wide a weld, which, 
if unavoidable, should be counteracted by depositing 
layers on both scarves to narrow the gap before joining 
the plates together; deposition of thin beads to improve 
the appearance of defective regions; welding on cold 
metal; and excessive amounts of weld metal, Fig. 1. 


Reverse welding should be done whenever possible 

All in all, it is concluded that the safety of pressure 
piping from the practical standpoint can be estimated 
only by the simultaneous application of all types of 
tests; radiography, X-ray diffraction, photoelastic 
studies, macrostructure, microstructure, strength and 
ductility. 


AUSTENITIC GRAIN SIZE OF 


By HERMAN GRANBERRY 


INTRODUCTION 


HE size of the austenite grains in a steel that has 

been heated above the critical range (about 850° C. 

for mild steel) depends upon the temperature and 
duration of heating. If the time and temperature are 
maintained constant, the steel with the coarser austen- 
itic grain size is known to respond differently to heat 
treatment than a steel with a smaller grain size. Be- 
sides exhibiting a different reaction to heat treatment, 
the coarse-grained steel differs to an important extent in 
other properties from the fine-grained steel. 

In the standard test (A. S. T. M.-E 19) for determining 
the austenitic grain size of steel, the specimen is car- 
burized at 1700° F. for not less than eight hours and is 
slowly cooled to produce a pearlitic structure. In addi- 
tion to indicating the austenitic grain size, the test offers 
a means of determining the degree of normality of the 
steel. Normality is estimated from the appearance of 
the pearlite and of the cementite network in the case. 
Normality is characterized by a completely pearlitic 
structure within the relatively narrow cementite en- 
velopes. Abnormality is characterized by massive fer- 
rite adjoining the relatively thick cementite envelopes 
in the grain boundaries, and by pearlite that is coarsely 
and irregularly lamellar, if any is present. 

The significance of austenitic grain size in terms of 
machinability and hardenability is well known. Less 
well established is the bearing of the method of refining 
upon austenitic grain size. Ordinarily, coarse-grained 
steels are free from insoluble, nucleating products of 
deoxidation in comparison with fine grained steels. 

Normality is less easy to interpret than austenitic 
grain size. The customary, wrought open-hearth steels 
that have a course austenitic grain size also have a normal 
structure, whereas the customary open-hearth steels 
that have a fine austenitic grain size have an abnormal 
structure. Nevertheless, austenitic grain size and nor- 
mality are not necessarily dependent upon each other. 

Since austenitic grain size and normality are important 
indicators of the conditions under which the steel has 
been refined, the present research was undertaken to de- 
termine the McQuaid-Ehn characteristics of weld metal 
deposited by mild steel covered electrodes. It is true 
that the McQuaid-Ehn test has found little application 
to cast steel, and perhaps still less to weld metal. 


* Abstract of research report based on an investigation begun in 1937 at the 
Texas Technological College, Department of Mechanical Engineering. Con- 
tribution to Fundamental Research Division of Welding Research Committee. 
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Covered Electrode Deposits 


It is well known that weld métal deposited by bare, 
mild steel electrodes is abnormal, whereas weld metal de 
posited by covered electrodes may or may not be ab- 
normal, depending on the coating. Nevertheless, there 
has been no study of the austenitic grain size of weld 
metal deposited by different covered electrodes, nor is it 
at all certain that the insoluble inclusions that are be 
lieved to affect the austenitic grain size of open-hearth 
steel will exert the same influence to the same degree in 
weld metal. The inclusions may be of similar composi- 
tion but may differ fundamentally in size, as is true of 
sulphur inclusions in steel and weld metal. 

To determine whether the degree of deoxidation of 
base metal exerted any influence on the normality of the 
deposit, the research was extended to rimmed and fully 
killed steels as well as to semi-killed steel. It appeared 
possible for a difference in degree of deoxidation of base 
metal to affect the degree of deoxidation of the weld 
metal and hence, perhaps, to influence the results of the 
McQuaid-Ehn Test. 


EXPERIMENTAL PROCEDURE 


Beads of weld metal were deposited by a skilled opera 
tor 6 inches apart on plates '/> inch thick at a speed of 6 
inches per minute by means of three kinds of covered 
electrodes °/3. inch diameter. The plates were at room 
temperature in still air. The three types of electrodes 
are shown in Table 1. The coating compositions are 
taken from a paper by Garriott and are representative; 
they are not analyses of the coatings of the electrodes 
that were used. The composition of the open-hearth 
steel plates is given in Table 2. Straight polarity was 
used for the slag shielded electrodes, reversed polarity 
for the gas-shielded electrode. Current and voltage 
were in accordance with the recommendations of the 
manufacturer of the electrode. 

Clean specimens for the McQuaid-Ehn test were cut 
at least 6 inches from either end of the bead. Each 
specimen consisted of weld metal, heat-affected zone, 
and unaffected base metal. The specimens were packed 
in a carburizing box with a half-inch or more of com 
mercial bone charcoal carburizing compound around 
them. The box was held for two periods of 2'/, and 5 
hr. (total of 10'/, hr.) in a gas-fired furnace at 1700° F 
and was cooled slowly in the furnace. The polished 
specimens were etched in picral and were examined at 
magnifications of 100 K and 500 X. 
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Type of Steel ts Mn Si 

Rimmed 0.23 0.52 0.047 
Semi-Killed 9 0.18 0.50 0.042 
Semi-Killed 70 0.16 0.50 0.028 
Fully Killed 0.21 0.52 0.084 


Table 1—Types of Covered Electrodes Used in the Tests 
Slag-Shielded Type 


Gas High 
Shielded High Iron 
Type TiO, Oxide 
Constituent Per Cent Composition * 

SiO, 28.32 21.75 29.42 
Fe,0 2.54 2.14 18.73 
TiO, 12.00 47.88 19.31 
MnO, 15.85 8.35 19.60 
CaO 0.51 3.87 4.13 
MgO 2.99 2.99 4.49 
Na,O 7.20 3.66 6.30 
Al,O; 0.11 4.19 
MoO; 2.25 
Volatile 30.66 8.17 8.17 
Total 102.43% 103.00% 110.11% 


* Ferroalloys and complex silicates are reported as oxides 


The base steel of all electrodes was of the same composition: 


Carbon ..0.13 to 0.18 
Manganese ..0.40 to 0.60 
Phosphorus .0.04 maximum 
Sulphur .0.045 maximum 
Silicon .0.025 maximum 


RESULTS 


From Table 3 it seems that there is no possible direct 
correlation between the type of flux and the McQuaid- 
Ehn grain size of the weld metal. There is an irregular 
variation of the McQuaid-Ehn grain size of the speci 
mens. It may be noted that there is also a variation of 
the grain size in the transition zones and the nearby par 
ent metal of the various specimens. 

Although there is no wide variation in grain size 
throughout the specimens, it might be noted that the 
titania type flux has a definite tendency to produce a 
finer grain size than either the gas shielded type or the 
iron-oxide shielded type electrode. This fact conforms, 
to a certain degree, to the present-day beliefs that the 
non-organic coatings seem to produce an abnormal struc- 
ture and that abnormal structures are usually character- 
ized by a finer grain size than the normal structures. 

In all instances the organic shielded electrodes pro- 
duced a distinctly more normal structure in the weld than 


1940 


._produced by the non-organic coated rods was evidenced 


GRAIN SIZE OF WELD DEPOSITS 


Table 2—Composition of Plates 1% Inch Thick 


P S Remarks 
0.017 0.084 A. S. T. M. A70——Flang 
Quality 
0.028 0.046 A. S. T. M. AQ 
0.025 0.030 A. S. T. M. A70-—Flange 
Quality 
0.028 0.041 A.S. T. M. AZ 


did the non-organic type electrodes. The abnormality 
by massive cementite, irregular structures and coarse 
lamellar pearlite. 
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The author is aware of the shortcomings of this re 
search report, and at the same time heartily invites criti 
cism of his methods, results and conclusions from all who 
care to contribute them. Although this work was not 
carried out as planned, it is hoped that its initial purposes 
have in a measure been fulfilled, and that the information 
will be of some intrinsic value and also incite further re 
search in this field of the metallurgy of welds. 


Table 3—Results of McQuaid-Ehn Tests 


Semi Semi 
Rimmed Killed-9 Killed-70 


Fully 

Steel Used Killed 

Iron Oxide Type of Elec- 
trode 


Weld metal no test 5 N no test SN 
Transition zone 2-3 2-3 
Parent metal N {rather Ab 
Gas Type of Electrode 
Weld metal 5N oN 10 tes 5 rather Ab 
rransition zone 5 1-5 
Parent metal 34N iN t rather Ab 
Titania Type of Elec 
trode 
Weld metal SN 7-8 Ab 
lransition zone } 2-3 y 
Parent metal 3N +N N rather Ab 
Numerals = Grain Size 
N = normal 
Ab = abnormal 


rhe heat-affected zone was too narrow 
normality 


to permit an evaluation of 
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FATIGUE TESTS OF WELDED JOINTS 


By W. M. WILSON and A. B. WILDER: 


I. INTRODUCTION 


1. Object of Investigation —The primary object of the 
investigation was to obtain information on which to base 
specifications governing the design of welded structural 
members subjected to either reversed or pulsating 
stresses. 

One of the deterrents to the use of welds as a means of 
fabricating bridges has been a lack of knowledge of the 
fatigue strength of welded joints. Engineers who had 
become accustomed to thinking of the static strength 
of carbon structural steel as being of the order of 63,000 
Ib. per sq. in. and of the fatigue strength of machined 
specimens of the same material as being of the order of 
47,000 Ib. per sq. in., were somewhat disturbed by the 
reports of early European tests which showed a fatigue 
strength of structural members connected by welds as 
low in some instances as 10,000 to 15,000 Ib. per sq. in. 
The situation indicated clearly that fatigue tests of 
welded joints as large as it was feasible to test would 
have to be made before American engineers would fabri- 
cate bridges by welding. Realizing this situation, the 
Welding Research Committee of the Engineering Foun- 
dation organized a committee, known as Committee F, 
to plan and carry out an investigation such as appeared 
to be needed. This paper is a progress report of the re- 
sulting investigation. The tests have been planned by 
Committee /, of which Jonathan Jones! is chairman, 
and they have been financed by the Chicago Bridge and 
Iron Company, the Public Roads Administration, 
Federal Works Agency, the Bethlehem Steel Company, 
and the Bureau of Construction and Repair of the United 
States Navy. The Carnegie-IIllinois Steel Corporation, 
the Bethlehem Steel Company, Lukenweld, Inc., the 
Bureau of Construction and Repair, the G. E. X-Ray 
Corporation, the Chicago Bridge and Iron Company, 
the Lincoln Electric Company and the Lasker Boiler and 
or Presented at Annual Meeting, A. W. S., Chicago, Oct. 23 to 27, 1939. 
Contribution to Industrial Research Division, Wek ling Research Committee 

! Research Professor of Structural Engineering, University of Illinois 

Assistant Professor of Metallurgical Engineering, University of Illinois 


i Chief Engineer, Fabricated Steel Construction, Bethlehem Steel Company, 
Bethlehem, Pa 
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Fig. 1—Details of Specimens Used in Tests to Determine the Fatigue 
Strength of Butt Welds in Carbon-Steel Plates 


in Structural Plates 
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Fig. 2—Details of Specimens Used in Tests to Determine the Effect of Rest 
Periods Upon the Fatigue Strength of Welds 


Engineering Corporation contributed materials and serv- 
ices. The tests were made at the University of Illinois. 
2. Description of Testing Machines.—There were two 
machines of each of two types. The larger machines, 
which have a rated capacity of 200,000 Ib., had been used 
in the fatigue tests of riveted joints.2. The smaller ma- 
chines had a capacity of 50,000 Ib. and were designed and 
built specially for these tests. All machines were of the 
mechanical type and produced, an axial stress in the 
specimen. They could be adjusted so as to give any de- 
sired ratio of minimum to maximum stress from a com- 
plete reversal to a fluctuating stress in either tension or 
compression. Figure | shows a typical specimen for the 
200,000-lb. machine and Fig. 2 a typical specimen for 
the 50,000-Ib. machine. The machines ran at a speed 
of approximately 180 r.p.m. and operated day and night. 
3. Scope of the Investigation.—For the fatigue strength 
of a member to be completely defined it is necessary to 
know the ratio of the minimum to the maximum stress 
in the cycle and to know the number of cycles for failure. 
Three relations of minimum to maximum stress were 
used in this investigation: (1) From tension to an equal 
compression. (2) From 0 to tension. (3) From tension 
to tension one-half as great. The ratio of the minimum 
to the maximum stress, designated by r, has values of — 1, 
0.0 and +0.5 for these cycles. In general, seven identical 
specimens were tested for each value of r. For three the 
maximum stress in the stress cycle was so chosen as to 
cause failure, as nearly as it was possible to estimate in 
advance, at 100,000 cycles, for three the maximum stress 
was chosen for failure at 2,000,000 cycles and the remain- 
ing specimen was used as a spare to be tested as seemed 
desirable after the other six tests had been completed 
It is not possible to select a stress to cause failure at ex 
actly a predetermined number of cycles. The practice 
was followed of reporting the actual stress in the stress 
cycle and the actual number of cycles for failure and also 
reporting the fatigue strength corresponding to failur: 
at either 100,000 cycles or at 2,000,000 cycles, computed 
from the actual stress and number of cycles by the use 
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fatigue strength corresponding to failure at 'V cycles, S 
is the maximum unit stress in the stress cycle which 
caused failure at » cycles and K is an experimental con- 
stant for which a value of 0.10 is fairly accurate if the 
ratio of m to N does not vary too greatly from unity.® 

The mathematical theory of elasticity and tests in- 
dicate that the stress over a transverse section of a mem- 
ber subjected to a centric longitudinal force is not uniform. 
Instead, every surface indentation, scratch or change in 
section and every internal void or inclusion acts as a 
stress raiser and causes an intensity of stress in the im- 
mediate vicinity that greatly exceeds the average stress 
over the section. Although this is realized, the term 
stress will be used to designate the quotient obtained 
by dividing the total longitudinal force by the area of the 
transverse section. 

The investigation described in this report is being de- 
veloped along three major lines, as follows: 

1. The fatigue strength of butt welds in carbon-steel 
plates of structural grade 

2. The fatigue strength of butt welds in low-alloy 
plates of structural grade.. 

3. The effect of frequent periods of rest upon the 
fatigue strength of butt welds in carbon-steel plates of 
structural grade. 

In addition to the above investigations, described sepa- 
rately in the following sections, preliminary tests have 
been made to determine the fatigue strength of joints 
with fillet welds and a systematic investigation of the 
fatigue strength of joints of this type is planned for the 
immediate future. 


* For a discussion of this equation, see University of Illinois Engineering 
Experiment Station, Bulletin 302, page 111. 


Il. FATIGUE TESTS 


4. Butt Welds in Carbon-Steel Plates —The details 
of the specimens used in the tests to determine the fatigue 
strength of butt welds in carbon-steel plates of structural 
grade are shown in Fig. 1. The single-V weld was made 
with an all-purpose electrode and the welding was done 
with the plates in the flat position. 

All specimens were cut from two parent plates each 
126 inches x ‘/s inch x 24 feet 0 inch both of which were 
rolled from the same ingot. Coupons for tension control 
tests and samples for chemical analyses were taken from 
several points systematically distributed over the plates. 
The physical properties and the chemical composition 
of the plates are given in Table 1. The ultimate strength 
in tension varied from 62,300 to 65,800 Ib. per sq. in. and 
had an average value of 63,400 Ib. per sq. in. for plate 1, 
and from 57,200 to 62,200 Ib. per sq. in. with an average 
value of 59,300 Ib. per sq. in. for plate 2. The carbon con- 
tent varied from 0.25 to 0.31 and had an average value 
of 0.28 per cent for plate 1 and from 0.20 to 0.24 with 
an average value of 0.23 per cent for plate 2 

All welded specimens had butt welds. Some were 
tested in the as-welded condition, for others the reinfore- 
ing was planed flush with the surface of the base plate on 
both sides. Some specimens with reinforcing on and 
also some with the reinforcing off were stress relieved by 
heating to a temperature of 1200° F. for one hour and 
then cooling in the furnace. Others were not stress 
relieved. Specimens without welds but having the same 
outline and cut from the same parent plates as the welded 
specimens were used in control tests to determine the 
relative fatigue strength of welds and of plates without 
joints but with mill scale on the two sides. 
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Fig. 4—Details of Specimens Used in Tests of Butt Welds in Low-Alloy 
Plates (Navy) 


The results of the fatigue tests of the specimens in the 
as-welded condition are given in Table 2. The actual 
stress in the stress cycle and the actual number of cycles 
for failure are given as well as the values of the fatigue 
strength corresponding to failure at 100,000 cycles and 


Table 1—Physical Properties and Chemical Composition of 
7%-Inch Carbon-Steel Plates 


Stresses in Lb 


per Sq. In. Elongation Reduction 
Yield Ultimate in S8Inches_ of Area 
Point * Strength Per Cent Per Cent 
Plate Range 35,700to 62,300 to 28.2 to 47.6 to 
1 37,000 65,800 32.2 53.7 
Av. 36,600 63,400 30.2 52.0 
Plate Range 32,200 to 57,200 to 30.8 to 54.5 to 
2 35,300 62,200 33.8 56.5 
Av. 33,800 59,300 32.4 55.8 
Manga- Phos- 


Carbon nese Silicon Copper phorus Sulphur 
Plate Range 0.25to0.48to 0.01 to 0.02to 0.013 to 0.029 to 


1 0.31 0.49 0.038 0.03 0.016 0.040 
Av. 0.28 0.484 0.015 0.029 0.0145 0.034 

Plate Range 0.20 to 0.46 to 0.01 to 0.02to 0.012 to 0.028 to 
2 0.24 0.48 0.038 0.03 0.016 0.035 
Av. 0.23 0.47 0.015 0.024 0.014 0.0382 

Weld Range 0.08 to0.48to0.16to 0.02to0.014to 0.028 to 
Metal 0.10 0.54 0.18 0.03 0.018 0.0385 
Av. 0.09 0.51 0.17 0.025 0.016 0.031 


* Drop of beam 


2,000,000 cycles computed by the use of the empirical 
0.10 
equation, F = s( Nn) » in the manner described in 


Section 3. Some tests were planned for failure at 100,000 
cycles and others for failure at 2,000,000 cycles, but the 
fatigue strength has been computed for both values of 
N for all tests. However, the computed values of the 
n 
N 
too greatly from unity are marked with an asterisk in- 
dicating that they are likely to be more in error than the 
values not so marked. It is to be noted that in general 
the various tests of the series presented in Table 2 are 
very consistent. The most inconsistent group consists 
of specimens D1, D2 and D3 which were subjected to a 
reversed stress that was expected to produce failure at 
2,000,000 cycles. The values of the fatigue strength of 
these specimens were 15,800, 14,800 and 13,900 Ib. per 
sq. in. with an average value of 14,800 Ib. per sq. in. The 
maximum deviation from the average was slightly less 
than 7 per cent. For the group of specimens which were 


fatigue strength which are based on a value of ;, differing 


subjected to a reversed stress that was expected to cause 
failure at 100,000 cycles, and for all other groups given 
in Table 2, the individual tests are remarkably consistent. 

Tables similar to Table 2 were made for all groups of 
tests but lack of space prevents their inclusion in this 
paper. Table 2, however, is typical of the others except 
that the results given in some other tables are not quit 
as consistent as those given in Table 2 


Table 2—Fatigue Strength of Butt Welds in %-Inch Carbon- 
Steel Plates in the As-Welded Condition 


Number 


of Fatigue 

Cycles Strength 

for 1000 Lb 

Speci- Unit Stress Failure per Sq. In 
men 1000 Lb. per in N= N= 

No Cycle Sq. In. 1000’s 100,000 2,000,000 

Cl +20.0to —20.0 167.9 21.1 15.6* 
C2 +20.0to —20.0 251.9 21.9 16.3* 
C3 Full +20.0to —20.0 271.5 21.9 16.4* 
D1 Reversal +16.0to —16.0 1795.8 21.4* 15.8 
D2 +16.0to —16.0 947.2 20.0* 14.8 
D3 +16.0to —16.0 73.6 18.7° 13.9 
Kl 0 to 380.0 253.2 32.9 24.4* 
K2 0 to 30.0 241.7 32.8 24.3* 
K3 0 to 0 to 30.0 190.9 32.0 33 .7* 
Dl 0 to 25.0 1114.4 31.8* 23.6 
L2 Tension 0 to 25.0 763.4 30.6* 22.7 
L3 0 to 25.0 $16.0 320.8° 223.9 
S1 22.Uto 44.0 442.0 51.0 37.8” 
$2 22.0to 44.0 485.0 51.5 38.2* 
S3 Tension 22.0to 44.0 388.0 50.4 31.3" 
T1 to +19.0to +38.0 2314.2 38.01 
T2 Tension +19.0to +38.0 2471.1 38.01 
T3 +19.0to +38.0 1421.6 49.6* 36.7 


n 
* These values may be somewhat in error because yy Varies too 
much from unity for the empirical equation to give accurate results 
t The fatigue strength exceeded these values; specimen did not 
fail 


The diagrams of Fig. 3e show the effect of the value of 
r, the ratio of the minimum to the maximum stress in the 
stress cycle, upon the fatigue strength of specimens in 
the as-welded condition as determined from the data 
listed in Table 2. The upper diagram is for the fatigue 
strength corresponding to failure at 100,000 cycles and 
the lower one for failure at 2,000,000 cycles. Each small 
circle represents the average of a group of similar tests, 
the numeral adjacent to a circle indicating the number ol 
tests averaged. Distances to the right or left of the 
origin represent the minimum stress in the stress cycle; 
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Fig. 5—Fracture Surfaces of Butt Welds 
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distances above or below the origin represent maximum 
stresses. Points to the right and upward represent ten- 
sion, those to the left and downward represent compres- 
sion. Thus, the point A indicates that a specimen tested 
on a cycle in which the stress varied from 21,600 Ib. per 
sq. in. tension to 21,600 Ib. per sq. in. compression may 
be expected to fail at 100,000 cycles. Likewise the point 
B indicates that the fatigue strength of a specimen tested 
on a cycle in which the stress varies from 0 to tension 
is 32,600 Ib. per sq. in., and the point C indicates that the 
fatigue strength of a specimen subjected to a cycle in 
which the stress varies from tension to tension one-half 
as great is 51,000 Ib. per sq. in. 

The dotted lines of Fig. 3 represent the results of tests 
and the full lines represent the empirical equation‘ 

2 (RK 
FL)’ (FL) 

2-r 
strength for a complete reversal, r is the ratio of the 
minimum to the maximum stress in the stress cycle (r is 
negative for a complete or partial reversal), and (FL)’ 
is the fatigue strength for any particular value of r. It 
is of interest to note that if the position of the line repre- 
senting the empirical equation is determined by the 
fatigue strength for r = —1 (complete reversal of stress) 
then the line falls below the experimentally-determined 
points for all other cycles used in this investigation. 

5. Fatigue Strength of Butt Welds in Low-Alloy Plates 
of Structural Grade.—A few tests were made on specimens 
of a manganese-vanadium low-alloy steel of structural 
grade. The details of the specimens are shown in Fig. 4 
and the composition of the plates, the cores of the elec- 
trodes and of the deposited metal are given in Table 3. 
The electrodes were of a type developed for welding low- 


In this equation (FL) is the fatigue 


‘See ‘‘Materials of Engineering,’”’ by Herbert F. Moore, page 55, Fifth 
Edition. 

Also University of Illinois, Engineering Experiment Station, Bulletin 302, 
page 77. 


Fig. 6—Fractures of Butt Welds 
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carbon steels. All specimens were welded in the flat 
position. 

All specimens were tested in the as-welded condition 
and on a cycle in which the stress varied from tension to 
an equal compression. The results of the tests are given 
in Table 4. All specimens broke at the edge of the weld 
where the change in section is a stress raiser extending 
the full width of the specimen. 

It is to be noted that the results were not as consistent 
for the alloy-steel as they were for the carbon-steel speci- 
mens. Specimen 104 withstood 403,100 cycles for which 
the stress varied from + to —24,000 Ib. per sq. in. 
whereas specimen 103 withstood only 381,900 cycles for 
which the stress varied from + to —19,000 Ib. per sq. 
in. The average values of the fatigue strength were 
24,400 Ib. per sq. in. for failure at 100,000 cycles and 
16,100 Ib. per sq. in. for failure at 2,000,000 cycles. The 
corresponding values for the carbon-steel specimens in the 
as-welded condition, given in Section 4, were 21,600 Ib. 
per sq. in. and 14,800 Ib. per sq. in. The lowest values 
for the alloy steel were 21,200 Ib. per sq. in. for failure 
at 100,000 cycles and 15,700 lb. per sq. in. for failure at 
2,000,000 cycles. The lowest values for the carbon-steel 
specimens in the as-welded condition were 21,100 Ib. per 


Table 3—Chemical Composition of Cores of Electrodes, 
Plates and Deposited Weld Metal 
Low-Alloy Steel Plates 
C Mn Si Cr V Cu P Ss Ni 
Electrode 0.10 0.45 0.02 0.12 0.014 0.022 0.03 
Plate 0.16 1.27 0.20 0.02 0.12 0.03 0.022 0.036 
Weld 
Metal 0.06 0.50 0.025 0.01 0.04 0.01 0.021 0.029 
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Table 4—Fatigue Strength of Butt Welds in Low-Alloy Steel Plates 


Unit Stress 


Specimen Order of 1000 Lb Cycles for 
No Testing per Sq. In. Failure 
106 ] +22 to —22 243.6 
LOS 2 +23 to —23 164.4 
104 3 +24 to —24 403.1 
102 4 +19to —19 459.9 
1038 5 +14to —19 381.9 
109 6 +17 to —17 900.9 
101 7 +17 to —17 1059 .7 


Average 


Number of 


Fatigue Strength 


1000 Lb. per Sq. In. Location 


N = 100,000 N = 2,000,000 of Crack 
24.1 i738" Top of groove 
24.2 ise Root of groove 
27.6 20.5* Top of groove 
33.4" 16.4 Top of groove 
21.7 16.1 Top of groove 
21 .3* 15.7 Root of groove 
21.5* 16.9 Top of groove 
24.4 16.1 


* Values marked with an asterisk(*) were not included in the averages because, for these, the ratio Vy differed too greatly from unity 


sq. in. and 13,900 Ib. per sq. in. for failure at 100,000 and 
2,000,000 cycles, respectively. 

6. Rest Tests—Fatigue tests are usually run con- 
tinuously. The structural members of a bridge floor, the 
members most likely to be affected by fatigue, are sub- 
jected to a large number of cycles during the passage of 
a load and then rest between loads. The question has 
often been asked whether or not the fatigue strength ob- 
tained from continuous tests are applicable to structures 
which have alternate periods of rest and of frequently 
repeated loads. In order to answer this question a series 
of tests was planned to determine the effect of rest periods 
upon the fatigue strength. For this purpose two ma 
chines were constructed which could be run either con 
tinuously at 1SO r.p.m. or adjusted so that they could be 
run continuously for 100 cycles and then rest for a pre- 
determined period. The period of rest was 5 minutes 
for one machine and 30 minutes for the other. The ma- 
chines, which had a capacity of 50,000 Ib., were auto- 
matic and could be run night and day without an atten- 
dant. 

The details of the specimens used in the rest tests are 
shown in Fig. 2. All specimens were cut from one parent 
plate and tension-control specimens and chemical samples 
were taken at various points over the plate to determine 
its uniformity. The physical properties and the chemical 
composition are given in Table 5. 

The method of making a test was as follows. Nine 
identical specimens were selected for a series to be tested 
at a given cycle, the maximum stress in the cycle and 
the ratio of the minimum to the maximum stress to be 
the same for all. Three were tested continuously, three 
were tested with 5-min. rest periods following each 100 
cycles and three were tested with 30-min. rest periods 
following each 100 cycles. Some series were planned 
for failure at 100,000 cycles, others for failure at 2,000,000 
cycles. The latter, however, did not include the tests 
with 30-minute rest periods because of the time that 
would be necessary for a test. 

The detail results of the tests are given in Table 6, 
and the tests are summarized in Table 7. It is to be 
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Fig. 7—-Fracture of Plate Without Weld 
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Fig. 8—Hardness Survey of Butt Weld in */;-Inch Carbon-Steel Plate 


Table 5—Physical Properties and Chemical Composition of 
Plates Used in Rest Tests 


Stresses in Lb. per Sq. In Reduction 


Yield Ultimate of Area 
Point Strength Per Cent 
Range 30,500 to 56,000 to 51.0 to 
33,000 59,000 58.0 
Average 31,900 57,700 55.4 
Plates 
Manga- Phos- 
Carbon nese Silicon Copper phorus Sulphur 
Range 0.22 to 0.48 to 0.01 to 0.15 to 0.012 to 0.030 to 
0.28 0.46 0.02 0.18 0.019 0.037 
Average 0.27 0.45 0.01 0.166 0.015 0.034 
Weld Metal 
Range 0.09 to 0.30 to 0.07 to 0.06 to 0.017 to 0.028 
0.11 0.33 0.11 0.08 0.021 0.036 
Average 0.10 0.31 0.08 0.07 0.020 0.034 


noted that the rest periods did not have any significant 
effect upon the fatigue strength of the welds. 


III. METALLURGICAL STUDIES OF WELDS 


7. Butt Welds in */s-In. Carbon-Steel Plates.—Meta! 
lurgical studies were made of the welds and of the bas« 
plate adjacent to the welds to determine variations 1 
the properties of the materials. The studies included a: 
examination of fractures, hardness surveys and micro 
graphs showing the internal structure of the weld meta 
and the adjacent base plate 
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Table 6—Fatigue Strength of Butt Welds in '2-Inch Carbon-Steel Plates in the As-Welded Condition. Rest Tests 


Number of 


Unit Stress Cycles for Fatigue Strength 
Specimen L000 Lb. per Failure 1000 Lb. per Sq. In 
No Cycle Sq. In in 1000's N = 100,000 \ 2,000,000 
Cl Full No +20 .0 to 20.0 85.8 19.7 14.6 
C2 Reversal Rest +20.0to —20.0 119.7 20.4 15.1° 
C3 +20 .0to —20.0 108.2 20.2 
El +16.0to —16.0 1248 .2 20.7* 15 
+16.0to —16.0 9900 0 1* 14.9 
E3 +16.0to —16.0 3994 .2 16.01 
7 11 30 Min +20.0to —20.0 213.2 21.6 16.0* 
A2 Rest +20.0to —20.0 146.9 20.8 15.4° 
A3 +20.0to —20.0 61.9 19.1 
D1 +16.0 to 16.0 233.9 17.4" 12.9 
D2 +16.0to —16.0 562.2 19.0" 14.1 
D3 +16.0to —16.0 705.9 19.5* 14.4 
Bl 5 Min. 20.0 to —20.0 120.6 20.4 15.1° 
2 Rest +20.0to —20.0 132.8 20.6 15.3* 
B3 +20.0to —20.0 40.5 18.3 13.5* 
: Gl 0 to No 0 to 30.0 453.0 34.9 25.8°* 
G2 Tension > Rest 0 to 30.0 1791.2 40.0 ”) 7 
G3 0 to 30.0 485.8 35.1 26.0 
- Fi 5 Min. 0 to 30.0 314.1 33.6 24.9 
Rest Oto 30.0 473.9 35.1 6.0 
3 0 to 30.0 365 .7 34.2 95.3" 
H1 Full 30 Min. +20.0to —20.0 77.1 19.5 14.4" 
H2 Reversal Rest +20.0to —20.0 257 .6 22.0 16.3* 
H3 +20.0to —20.0 61.0 19.0 141° 
I 5 Min. +16.0to —16.0 611.4 19.2* 14.2 
[2 Rest +16.0to —16.0 880.9 19.9* 14.7 
I3 +16. 0to 16.0 404.4 18.4° 13.6 
*t See footnote Table 2 
All of the specimens with the reinforcing on broke at Figure 7 shows an unusual fracture of a specimen with 


the edge of the weld. The type of failure was similar to out a weld. A single large nucleus developed at mid 
the one shown in Fig. 5A. The change in section at the width of the section and the resufting crack was visible 
edge of the weld was a surface stress raiser that extended on both sides of the specimen before it had extended to 
the full width of the specimen and was more effective in either edge. The fatigue strength of this specimen was 
concentrating stress than internal flaws or surface inden- 13.7 per cent less than that of the other two specimens 
tations. Cracks formed at the surface at the edge of the of the same group tested on the same cycle, neither of 
reinforcing and gradually progressed through the speci- which showed any well pronounced nuclei 
mens, as indicated in the figure. A typical hardness survey of a weld in a ‘/s-inch plate 
Specimens from which the reinforcing was removed _ is shown in Fig. 8. The diagram at the left is for the top 
had several types of fractures. Specimen 1/1, show in of the weld and the one at the right is for the middle 
Fig. 6A, failed at the edge of the weld because the rein- portion. The hardness was greatest at the heat-affected 
forcing was planed not quite flush with the base plate. zone and was greater for the weld metal than for the 
Some specimens failed in the weld metal because of the base plate. The variation in hardness was greater at the 
presence of an internal stress raiser. Specimen O1, top of the weld, where the metal was deposited last, 
shown in Fig. 6F, is of this type. Several views of the than it was in the middle portion. The variations in hard- 
fracture, taken at different sections, are shown in Figs. ness were not excessive and no correlation could be dis 
6B to 6G, inclusive. The fatigue strength of Ol was 5.6 covered between variations in hardness and the fatigue 
per cent less than that of the other two specimens of the strength of the specimens The stress-relieving heat 
same group tested on the same cycle, both of which failed treatment in the furnace did not appear to influence the 
at a section several inches from the weld. Many of the hardness of the welds. 
specimens failed either in the fillet near the end of the The microstructure of a typical weld is shown in Fig 
specimen or in the middle portion but several inches from 9. Very few blow-holes or inclusions were found in the 
the weld. In general, no internal nuclei were found in the welds and the few that were discovered were small and 
fractures which occurred in the fillet near the head of the uniformly distributed. A coarse-grained sorbitic struc 
specimen nor at other sections at a considerable distance ture occurred in the over-heated zone of the base plate 
from the weld. In general, the fractures did not follow adjacent to the refined weld metal. Other parts of the 
the over-heated zone of the base plate. weld which were subjected to heat treatment by the 
subsequent weld beads had a refined structure. Large 
= = columnar grains occurred in the outside beads of the weld 
Table 7—Fatigue Strength of Butt Welds Subjected to Rest The unaffected base plate had a rimmed-steel structure 


Tests. Summary of Results with carbon segregation at the junction of the rim and 

Number of N = 100,000 Vv =2000.009 Core-. No unusual features were observed in the welds 

Tests Rest Period in Minutes _ examined and the structures observed did not appear to 
Averaged Cycle 0 5 30 0 5 influence the type of failure or the fatigue strength. 

3 Reversal 290.1 20.5 19.8 15.4 13.8 For Fig. 8 the maximum difference between the hard 

3 Reversal 20.1. 20.2 15.4 14.2 ness of the over-heated zone adjacent to the weld bead 


3 0 to Tension 8.7 24.3 and either the base plate or the weld metal is shown near 
the top of the weld. For the D3 plate this difference is 


1940 FATIGUE TESTS OF WELDED JOINTS 105- 


AF 
2 
iy 
i 
3 we 
) 
| 
I 
4 
age 


Fig. 9—Microstructure of Butt Weld in '/s-Inch Carbon-Steel Plate 


53 and 35 Vickers-Brinell units, respectively, which is so 
slight as to be ineffectual in concentrating stress. The 
microstructure of the zone of highest hardness is coarse 
grained but within the large grains the carbides are uni- 
formly dispersed in a fine state of subdivision. This 
microstructure is indicative of high toughness for the 
over-heated zone and is always attained for steels of ex- 
cellent weldability. Such steels have a high weld-quench 
value’ and when welded with an electrode depositing 
a “The Use of the Charpy Test as a Method of Evaluating Toughness Ad- 


jacent to Welds,”’ by Walter H. Bruckner, Trans. A.S.T.M., 38, Part II, 1937, 
pp. 71-97. 


NO. 108 


\/2x 


weld metal of suitable strength the joint has a high 
efficiency. 

The production of a favorable microstructure in the 
over-heated zone next to the weld and the slight differ- 
ences between maximum hardness of the zone and both 
base metal and weld metal in the 7/s-inch thick carbon 
steel plates should be considered in relation to the fatigue 
strength values obtained for the ‘‘as-welded”’ specimens 
versus the specimens with the reinforcing planed off. An 
unfavorable geometry of the weld joint appears to be 
the major factor in reducing fatigue strength and no 


Fig. 10—Fractures and Blow-Holes. Butt Welds in Low-Alloy Steel Plates 
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Fig. 1l—Microstructure of Butt 


major metallurgical problem appears to exist in the weld- 
ing of steels of excellent weldability such as were used 
for the fatigue specimens. 

8. Butt Welds in Low-Alloy Steel Plates.—All\ speci- 
mens were tested with the reinforcing on. Although 
failure began at the edge of the reinforcing where the 
change in section acted as a continuous stress raiser across 
the specimen, the crack once started meandered through 
the weld metal for some specimens. Several fractures are 
shown in Fig. 10. The surface of the fracture of specimen 
108 was made up almost entirely of nuclei, any one of 
which would have caused a fatigue failure, yet the fatigue 
strength of this specimen was equal to the average for 
the group of three similar specimens subjected to the 
same tests. In contrast with this, specimen 106 had two 
large nuclei near the center and 102 and 103 each had a 
large nucleus at one end. The nucleus for 102, not 
shown, was similar to the one for 103. For each of the 
specimens for which there was a single large nucleus, 
the crack jumped across the weld bead at the end of the 
nucleus. 

Figures 11 and 12 show the microstructure of the weld 
at the junction of the base plate and the deposited metal 
for specimen 103, which is typical of the microstructure 
of all of the specimens. Each micrograph is numbered 
and its location is indicated by the corresponding number 
of the macrograph, also given in each figure. Figure 11 
shows the grain size in and adjacent to the last bead that 
was deposited. The structure of the weld metal at points 
| and 2 is typical of cast metal. Figure 12 shows the 
grain size near the middle of the weld where subsequent 
beads heated the first beads that had been deposited and 
caused a change in the grain characteristics. Micro- 
graphs 6 of Fig. 11 and 4 of Fig. 12 were taken in the 
heat-affected zone and are very similar. Micrographs 7 
of Fig. 11 and 5 of Fig. 12 were taken in the base plate 
far enough from the weld so that the grain structure had 
not been affected. 

Figure 13 shows the hardness gradient for specimen 
103, one diagram being for the upper portion and the 


1940 


FATIGUE TESTS OF WELDED JOINTS 


Weld in Low-Alloy Steel Plate 


other for the central portion of the weld. Although these 
diagrams are for specimen 103, they are typical of the 
diagrams for all of the specimens with alloy-steel plates 
The deposited metal was not qufte as hard as the base 
plate and a small area in the heat-affected zone was 
harder than either the deposited metal or the base plate 

Although the radiograph showed no flaws in specimen 
108, the macrograph of Fig. 10D shows several blow- 
holes. The discovery of blow-holes by the method of 
making sections is partly a matter of chance as they 
might be cut by some sections and not by others. But, 
of the specimens tested, 108 is the only one in which 
an excessive number of blow-holes was observed. The 
radiograph showed no flaws in this specimen and the 
fatigue strength for it was greater than for the other two 
of the group of three that were tested on the same cycle 
Considering all the specimens tested, there was no con 
sistent relation between the flaws shown by the radio 
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Fig. 12—Microstructure of Butt Weld in Low-Alloy Steel Plate 
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Fig. 13—Hardness Survey of Butt Weld in Low-Alloy Steel Plate 


graphs and the fatigue strength of the specimens. The 
reason small internal flaws had no effect upon the fatigue 
strength of the specimens may have been due to the fact 
that failure occurred at the edge of the weld where the 
change in section acted as a stress raiser extending the 
full width of the specimen which was more injurious than 
the internal flaws. There is a possibility, however, that 
internal flaws might affect the fatigue strength of a speci- 
men not having any large surface stress raisers, as in the 
case of a butt weld with the reinforcing planed off. 


IV. SUMMARY OF RESULTS 


I. Tests of */s-Inch Plate Carbon-Steel Specimens 


1. For specimens in the as-welded condition, the 
values of the fatigue strength for a cycle in which the 
stress varied from tension to an equal compression were 
21,600 Ib. per sq. in. for failure at 100,000 cycles and 
14,800 Ib. per sq. in. for failure at 2,000,000 cycles; and 
for a cycle in which the stress varied from 0 to tension 
the values of the fatigue strength were 32,600 Ib. per sq. 
in. for failure at 100,000 cycles and 23,100 Ib. per sq. in. 
for failure at 2,000,000 cycles. 

2. For specimens in the as-welded condition except 
that the reinforcing had been machined off flush with 
the base plate on both sides, the values of the fatigue 
strength for a cycle in which the stress varied from ten- 
sion to an equal compression were 29,400 Ib. per sq. in. 
for failure at 100,000 cycles and 19,800 Ib. per sq. in. for 
failure at 2,000,000 cycles; and for a cycle in which the 
stress varied from 0 to tension the values of the fatigue 
strength were 47,000 lb. per sq. in. for failure at 100,000 
cycles and 30,100 Ib. per sq. in. for failure at 2,000,000 
cycles. That is, removing the stress raiser due to the 
change in section at the edge of the reinforcing, increased 
the fatigue strength 43 per cent. Moreover, the fatigue 
strength of the welded specimens with the reinforcing 
planed off was equal to the fatigue strength of plates 
without welds. 

3. Stress relieving the specimens by heating them to 
1200° F. for one hour and then cooling them in the fur- 
nace had no effect upon their fatigue strength. 

4. For all kinds of specimens, stress-relieved or not 
stress-relieved, reinforcing off or reinforcing on, the 
fatigue strength corresponding to failure at 2,000,000 
repetitions of a cycle in which the stress varied from 
tension to tension one-half as great, exceeded the yield 
point of the material, and is therefore not important to 
the structural designer. 


II. Tests of Low-Alloy Steel Specimens 
1. The strengths of the welded specimens of low-alloy 
steel plates were as follows: 


Static strength 83,000 Ib. per sq. in. 

Fatigue strength based on failure at 100,000 cvecles 
24,400 Ib. per sq. in. ma 

Fatigue strength based on failure at 2,000,000 cycles 
16,100 Ib. per sq. in. : 


_The values of the fatigue strength are for a cycle in 
which the stress varied from tension to an equal com. 
pression. 

UWI. Metallurgical Studies 

1. The metal in the heat-affected zone was somewhat 
harder than the original base plate and somewhat harder 
than the deposited metal but the differences were not 
great. This is true for both the carbon-steel and for the 
low-alloy specimens. 

2. The micrographs indicate a high degree of tough- 
ness in the heat-affected zone of the carbon-steel plates, 
a characteristic of steel having excellent weldability. 

3. The relatively small variations in hardness and 
the favorable grain structure indicate that there were no 
major metallurgical stress raisers present in the welds to 
affect the fatigue strength. 

4. Although the hardness variations in the low-alloy 
specimens were somewhat greater than in the carbon- 
steel specimens, the locations of the cracks indicated that 
the fatigue failures were due to geometrical rather than 
metallurgical properties. 


Discussion of Paper on 
Reactions .in Arc 
Welding’ 

By R. W. EMERSON? 


HE authors are one of the first to publish data on 

reactions in arc welding and are to be complimented 

on their work. It is believed that published data on 
more studies of this type would be greatly beneficial 
in furthering the advancement of the arc welding elec- 
trode industry. 

It is unnecessary to divulge secret coating formulas 
when publishing information of the type given in the 
authors’ paper. From a scientific point of view, the 
exact amounts of the coating ingredients are somewhat 
superficial, the prime interest being the study of the re- 
actions as well as reaction rates of slag and metal con- 
stituents when the electrode core and coating go through 
the arc. 

The use of slag ratios of materials which react and 
thus change in going through the are to an “‘indicator 
element” which transfers through the arc quantitatively 
is certainly an expedient of considerable merit. In ad- 
dition to CaO as an “indicator element,’’ such materials 
as MgO and AIO; should also serve the same purpose 

The data given in Table 3 and plotted in Fig. 1 of the 
authors’ paper is extremely interesting. 

In an effort to keep the core of the electrode from being 
oxidized, electrode coatings usually contain reducing 
agents in the form of ferromanganese, ferrosilicon and 


* By R. D. Thomas and F. H. Rhodes Presented at Annual Meet 
A. W. S., Chicago, Oct. 23-27, 1939 and published in Oct. 1939 Supplemet 

t Development Engineer, Welding Electrode Lab., Westinghouse Elect 
& Mfg. Co., Trafford, Pa. 
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sometimes aluminum. Graphite, the material used by 
Thomas and Rhodes, is still a fourth reducing agent. 

Whatever the ratio of iron oxide in the slag to that of 
the coating may be when using little or no reducing agent 
in the coating, it is not surprising that this ratio will, in 
trend, be reduced as the reducing or deoxidizing agent is 
increased. In fact it is highly probable that the iron 
oxide could be lowered below that present in the original 
coating by the addition of sufficient deoxidizer. This is 
shown graphically in Fig. | of this discussion. 

If insufficient total deoxidizer is used in the flux coating 
in the presence of ferrosilicon, it seems entirely possible 
that the ferrosilicon would be completely oxidized and 
in addition silicon would be oxidized from the electrode 
and plate material and go into the slag as SiQ,.. From 
this point, if successive additions of deoxidants were 
added to the coating, as shown by the authors in Fig. | of 

SiQe2 slag/CaO slag 
coating/CaO coating 
decrease. This decrease would occur simultaneously with 
the decrease in iron oxide ratio shown in Fig. | of this 
discussion. 

Fig. 2a indicates the undesirable condition of silicon 
oxidation from electrode and plate material and Fig. 2 
indicates the desirable condition of weld metal absorption 
of small quantities of silicon. The over-all trend of this 
curve with increasing reducing agent is that which is 
desired. The SiO, in the coating represents both SiO, 

SiO: slag 
SiO. coating 
ratio less than unity indicates that some silicon is trans- 
ferred through the are and dissolved in the weld metal. 

It would have been highly profitable if weld metal 
analyses had been obtained. Positive results of this 
nature would have been proof that the authors’ con- 
clusions with respect to the effect of graphite on the 

slag 


their paper, the ratios would 


and ferrosilicon calculated to SiO», thus a 


——~— ratios for SiO, and MnO were correct. 
coating 


The conclusions reached by the authors seen tenable. 
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In agreement with the authors’ statements, it is believed 
that the manganese concentration in the weld metal is a 
function of the manganese concentration in the original 

ke MnO slag/€aO slag 
MnO coating/CaQO coating 
3 coating formulas in which all constituents had been held 
identical except for variation in MnO content, it was 
found that this ratio was constant. Since the over 
all percentage of reducing agent in all cases was ap 
proximately constant, it is to be expected that the 

MnO slag/CaO slag 
MnO coating/CaO coating 
this varying only with increasing or decreasing per 
centages of deoxidants 

The recovery of MnO in the slag in all three cases was 
approximately 72°). The weld metal analyses, how 
ever, showed an increase in the manganese content with 
increasing MnO in the original coating These data 
are given in Table 1. 


coating. Fig ratios for 


ratio would also be constant, 


Table | 
MnO Slag 
CaO Slag 
MnO Coating MnOSlag Coating Mn in 
No CaO Coating CaO Slag CaO Coating Weld Metal 
l 0.40 0.30 0.75 0.44 
2 0.80 0.56 0.70 0.52 
3 1.20 &7 ) 2? 


From these data it would seem that a series of tests 
would have to be made in which the manganese oxide 
and reducing agents would both have to be varied, the 
reducing agents being kept constant for each series of 
tests in which the manganese oxide is varied in an effort 
to determine the relative importance of the total ce 
oxidant and the MnO concentration in the coating on the 
manganese content of the weld metal 
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ARC WELDING IN 


CONTROLLED 


By G. E. DOAN? and M. C. SMITH? 


ABSTRACT 


XPERIMENTAL welds were made in controlled 
atmospheres of helium, argon, nitrogen and chlo- 
rine, all of commercial purity, using electrodes of 

(1) plain low-carbon steel and of (2) high-purity car- 
bonyl-iron. The electrodes were used bare and with 
spray-coatings of metallic antimony, the latter to reduce, 
by alloying, the surface tension of the molten weld- 
metal. Complete absence of crater formation was ob 
served during welding in atmospheres of all gases tested, 
irrespective of the electrode used or of the application to 
it of an antimony coating. Only in the presence of a 
considerable admixture of oxygen or of atmospheric air 
was a crater formed. That the antimony was effective 
in producing a reduction in surface tension was definitely 
indicated by the spreading of the weld-metal. While 
addition of an antimony coating did not cause crater for- 
mation, it did lower the percentage of oxygen required in 
the arc atmosphere to produce this effect. 

Previous investigators have tested several elementary 
diatomic gases in the welding process and compared them 
with the inert gases. In the present studies chlorine, a 
close neighbor of oxygen in the periodic table and not 
previously tested in this work, was also used as a welding 
atmosphere under controlled conditions. No new crater 
effects were noted in its use. 

The observed experimental evidence bears out the 
results of previous investigations: crater formation in the 
welding arc depends primarily upon the presence of 


* Presented at Annual Meeting, A. W. S., Chicago, Oct. 23 to 27, 1939 
Contribution to Fundamental Research Division, Welding Research Commit- 
tee 

+t Professor of Metallurgy, Lehigh University 

t Instructor in Metallurgy, University of Alaska 


Typical Crater (2 X) 


Atmospheres 


oxygen in the arc atmosphere. Indications from the 
present work not previously noted are that: (1) Reduc- 
tion of metallic surface tension by suitable alloying addi 
tions favors crater formation; (2) the use of a diatomic 
gas as an are atmosphere similarly favors crater forma 
tion; (3) these effects, alone or together, are not suf 
ficient to produce cratering in the complete absence of 
oxygen, although each lowers the percentage of oxygen 
required to cause crater formation. 

Therefore, the experimental results indicate that the 
mechanism of crater formation is apparently not—as has 
been suggested—one dependent alone upon surface ten 
sion effects or upon the presence in the arc atmosphere 
of a diatomic gas. 


INTRODUCTION 


The Welding Crater 


The formation of a crater, a spherical or elliptical 
depression in the molten pool of metal beneath the weld- 
ing electrode (Fig. 1-A), has long been considered an inher 
ent characteristic of the welding arc. Its presence is 
relied upon as evidence of penetration in all arc-welding 
operations conducted in an atmosphere of air. Since it 
was first discussed in the literature in 1920, the crater has 
always been the subject of considerable interest, and 
several explanations of the reasons for its formation have 
been advanced. 


Previous Researches and Theories 


Originally it was assumed that the welding crater was 
formed by: (1) The pressure of the arc-stream—the 
bombardment of anode material by electrons; (2) the 


Exceptionally Deep Crater (2 X) (21 Volts, 130 Amperes Bare Electrode 
in Air) 
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Fig. 2—Welding Chamber and Gas System 


high pressure of vaporized electrode material in the 
region just above the anode; and (3) the pressure due 
to thermal expansion of atmospheric gases in the heat 
of the arc. These, it was thought, in effect blew the 
molten metal away from the center of the pool to forma 
crater immediately below the negative electrode.'? 
A later explanation, based on Roentgen’s ether-water 
surface-tension experiment, proposed that: (4) the cra- 
ter was primarily a surface-tension effect, dependent upon 
the temperature gradient in the molten pool. The author 
of this theory postulated that the high temperature at its 
center so reduced the surface tension of the molten metal 
that it spread away from the center of the pool to the 
cooler edges, to produce the depression observed.’ 

Previous investigators at Lehigh University have 
shown that in welding in atmospheres of argon, helium, 
nitrogen, hydrogen, carbon monoxide, illuminating gas 
and mixtures of these, no crater is formed.***®7? <Ad- 
mixture of a considerable percentage of oxygen (greater 
than 5% Oz in the case of helium®) or of atmospheric air 
results in crater formation. These researches, then, have 
definitely indicated that the phenomenon of cratering is 
not an inherent characteristic of the welding arc. It is 
rather an effect dependent upon the presence in the arc 
environment of one particular gas—oxygen. By a for- 
tunate coincidence (since the crater is effective in in- 
creasing penetration), this gas is one of the major con- 
stituents of air, the usual arc atmosphere. 

These studies, then, have indicated that previous ex 
planations of the mechanism of crater formation are 
deficient, since there are no craters in welds made in 
oxygen-free systems. 

Doan and Young,* who did the quantitative work on 
oxygen-helium, oxygen-argon and oxygen-nitrogen con- 
trolled atmospheres, have suggested that crater forma- 
tion is probably primarily a surface-tension effect, re- 
sulting from solution of oxygen or of iron oxides in the 
pool of molten metal. _Maximum solution and conse- 
quent maximum reduction of surface tension, they be 
lieved, would occur im the center of the crater, just below 
the electrode. This would produce a concentration 
gradient similar in mechanism to the temperature gradi- 
ent discussed above, and additive in its surface-tension 
effects. They proposed that this, alone or in conjunction 
with the action of the arc-blast on the low surface tension 
metal, was probably a major factor in the formation of a 
crater under the welding arc 


EXPERIMENTAL WORK 


Object and Theory 
To test the effect of changing the surface tension of 
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the pool of molten weld-metal, it was proposed in the 
present experiments to make welds in oxygen-free at- 
mospheres, using electrodes to which had been added 
an element capable of reducing its surface tension. It 
was believed that antimony was such an element,’ and 
that—applied to the electrode as an adherent metallic 
coating—it would alloy with the electrode material upon 
melting and considerably reduce the surface tension of 
the weld metal. This, it was thought, should favor 
crater formation by reducing the force required to “blow 
aside”’ the metal (if the crater depends primarily upon the 
pressure of the arc stream). It should also produce a 
concentration gradient and a_ surface-tension effect 
which would cause ‘‘spreading’’ in a way similar to that 
proposed by Doan and Young. 

Furthermore, it was proposed to verify the results of 
previous welding investigations made in atmospheres of 
argon, helium and nitrogen, and to include, in addition, 
at least one more diatomic, elementary gas not previously 
tested. Chlorine was selected and tested to determine 
the effect upon crater formation of this gas somewhat 
similar in nature to oxygen when used as a welding 
atmosphere. 


Materials 


The gases used as welding atmospheres were helium, 
argon, nitrogen (all tested in previous investigations) and 
chlorine. All gases were of commercial purity. The 
helium was 96% He with 3% No», and the argon, nitrogen 
and chlorine were each of greater than 99% purity. 

The base plates used in welding were of cold-rolled 
plain carbon steel (S. A. E. 1020). The specimens as 
used were strip, '/, inch thick and 2 inches wide, cut 
into 6-inch lengths. 

The electrode wire used was pf four types: '/s-inch 
diameter plain carbon steel (about 0.05% C), both bare 
and coated with metallic aritimony, and 4-mm. diameter 
carbonyl-iron (described in previous reports®), bare and 
with a similar coating. The coatings were applied by 


Fig. 3 
(A) Etched Transverse Section of Typical Weld Deposit in 
Helium. Bare Electrode at 20 Volts and 120 Amperes. About 


2x 
(B) Same, Made in Air at 21 Volts, 130 Amperes 
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grit-blasting the electrode surfaces, weighing the cleaned 
rods and spraying on them high-purity metallic anti- 
mony to the extent of from 0.5% up to over 2% of the 
total weight of the wires, the weight of the coating vary- 
ing in intervals of about 0.1%. The assumption, borne 
out in the experimental work, was that, on melting of 
the electrode, the metallic antimony would uniformly 
alloy with the electrode metal to produce the same effect 
as would alloying of the original rod material. 


Apparatus 


All experimental welds were made in the automatic 
controlled-atmosphere arc-welding apparatus, sketched 
in Fig. 2. Described in several previous reports®* it 
was originally designed and developed at Lehigh Uni- 
versity. It consists essentially of a closed copper welding 
chamber, W, in which a door is provided for the intro- 
duction of specimens, and a glass window for observation 
of the welding operation. The electrode, £, is introduced 
through packing from above the chamber, and is fed by 
an automatic arc-welding head, H. A reversible, vari- 
able-speed motor drives the work horizontally beneath 
the electrode by means of a packed feed-screw, F. Con- 
nected to the chamber by a tubing system are an oil- 
sealed atmospheric-pressure gas reservoir, R, to accom- 
modate thermal expansion of the welding atmosphere, 
and an oil-sealed vacuum pump, V, to evacuate the 
chamber. Two mercury manometers, B and M, are 
provided to indicate gas pressure in the welding chamber. 
A gas-train and reducing valves are connected to admit 
the desired gases from high-pressure storage tanks. 


Technique 


With the base-metal plates firmly mounted on the 
movable work table, the door in the top of the chamber is 
clamped in place and the electrode wire introduced 
through the packing seal. All joints and connections 
having been sealed with vacuum cement, the chamber is 
then exhausted to the desired vacuum (ordinarily less 
than 2 mm. of mercury residual pressure was sufficiently 
high vacuum). The gaseous atmosphere is introduced as 
quickly as possible to a pressure slightly above atmos- 
pheric. To flush out the chamber and insure complete 
freedom from contamination, the chamber and reservoir 
are then re-evacuated and refilled as before, again to 
slightly above atmospheric pressure, to prevent infiltra- 
tion of air. The cement seals on the electrode and work- 
feed are then broken, and the weld is made in the shortest 
possible time. The arc length is maintained at '/s to 
'/, inch. Thermal expansion in the chamber is accom- 
modated by the gas reservoir, which maintains a pressure 
slightly above atmospheric and forces a constant flow 
of gas out through the broken seals. This minimizes 
contamination of the arc atmosphere during welding. 
The entire welding operation—electrode, are and de- 
posited metal—is continuously observed by the operator 
through a glass window sealed into the front of the cham- 
ber. 

Since preliminary tests indicated that the only ap- 
preciable difference between welding with straight po- 
larity (electrode negative) and with reversed polarity 
(electrode positive) was the increased difficulty of arc 
control when the electrode was positive—due to wander- 
ing of the cathode spot on the plate—all subsequent 
welds were made with straight polarity. 

By random variation of current and voltage condi- 
tions in the welding circuit, it was found that the absence 
of crater was not dependent upon one particular set of 
electrical conditions, but was apparent in all gases tested, 
irrespective of current and voltage values used in weld- 
ing. Therefore, in subsequent work (except in the de- 


termination of the comparative melting rates of elec- 
trodes under certain special conditions) the open circuit 
voltage and all rheostat settings were, for convenience 
usually kept constant. The open circuit voltage was 
held at 80 volts, and rheostats were maintained at that 
setting which, with a bare electrode in air and an arc 
length of about !/s inch, gave a 120-ampere current flow 
at an are potential of 22 volts. 


EXPERIMENTAL RESULTS 


Welds in Helium 


Preliminary.—The obvious differences in physical 
properties and appearance between welds made in air 
and those made in the inert gases have been fully dis 
cussed in previous references.*7* A weld made with a 
bare electrode in air (Fig. 3-B) ordinarily forms a rela 
tively flat, low-lying deposit showing ‘ripple marks,’ 
a deep crater (Fig. 1) and good penetration. A weld 
made with a bare electrode in an inert atmosphere (Fig. 
3-A), under conditions otherwise identical, contrasts 
very sharply with this both in appearance and in proper- 
ties. The metal deposited in helium or argon forms a 
silvery bright, high-standing bead almost circular in 
exterior section, with “ripple marks’’ but no crater, 
typically very porous, and showing very little penetra- 
tion. The addition of an antimony coating to the weld. 
ing rod results in further changes in the properties of the 
weld-metal. 

Antimony Sprinkling.—To indicate qualitatively the 
effect of antimony as an alloying element upon the sur- 
face tension of molten iron and upon the character of 


Fig. 4—Etched Transverse Section of Weld Deposit Made in 
Helium with Bare Electrode on ‘Doss Plate Thickly Spread 


with Powdered Antimony. About 2X 


Fig. 5—Etched Transverse Section of Weld Deposit Made in 
Helium. Bare Electrode on Base Plate Thickly Spread with 
Powdered Iron Oxide (Fe:O;). About 2X 
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the weld deposit, preliminary welds were made in the 
inert atmospheres welding with bare wire electrodes on 
base-metal plates thickly spread with powdered metallic 
antimony for about half their lengths. It was observed 
that the physical nature of the weld-metal changed 
sharply when deposition was upon the antimony powder 
rather than upon the bare steel plate. The bead formed 
on the bare plate was similar to that shown in Fig. 3-A, 
being very bright, highly porous and almost circular in 
section. As the bead continued onto the section of the 
plate spread with antimony powder, a sharp transition 
in the character of the deposited metal appeared. Here 
the bead spread widely to form a very thin, flat-lying 
deposit of quite different appearance and almost no 
penetration (Fig. 4). This spreading indicates a con 
siderably decreased surface tension, obviously due to 
the metallic antimony melted and dissolved by the mol- 
ten weld metal. However, no crater appeared. 

As is described later, similar effects were observed in 
the deposits produced with antimony coated electrodes 
upon plain steel base plates. These electrodes, used to 
allow closer control of the magnitude of the antimony 
addition, showed a decreased surface tension not only in 
the somewhat flattened appearance of the weld deposit 
but also in the greatly decreased average size of parti 
cles transferred across the arc, when compared with 
those from the bare electrode welding under the same 
conditions. 

Iron Oxide Sprinkling.—To correlate these effects 
with the influence of iron oxide, welds were made with 
ferric oxide (Fe,O;) similarly spread on the base plate, 
and as a rust coating on the welding electrodes. Similar 
effects were observed, but to a lesser degree than when 
antimony is used (Fig. 5). (No crater appeared in these 
weld deposits, even though very large amounts of iron 
oxide were spread upon the base plate beneath the weld- 
ing arc. This seems strange in view of the fact that oxy- 
gen itself is apparently the one gas which allows crater 
formation, and iron oxide has been suggested as being 
the agent active in the actual mechanism of cratering. 
The present experiments were not continued to the point 
where the evidence is conclusive, but in the three or 
four preliminary runs made in inert atmospheres, using 
ferric oxide spread on the base plate, no crater appeared.) 

By these experiments it was demonstrated that anti- 
mony had the desired effect in reducing the surface 
tension of the weld deposit. Although no crater ap- 
peared when welding in inert atmospheres upon anti- 
mony-covered base plates, it appeared logical to assume 
from the observed surface-tension results that the use of 
metallic antimony under controlled conditions would, 
in oxygen-free systems, produce an effect which would 
serve as a critical test of the mechanism of crater forma- 
tion proposed by Doan and Young. 

Bare Electrode-—Welds made in helium with a bare 
electrode showed no evidence of crater, forming a sil- 
very bright high-standing bead, almost circular in sec- 
tion, which maintained a smoothly rounded convex end. 
When the are was broken, the end swelled rapidly out- 
ward, due apparently to gas evolution in the cooling 
metal (Fig. 6). The welds produced were typically very 
porous, and showed little penetration into the base 
metal (Fig. 3-A). 

In helium the arc was very quiet and metal transfer 
was predominantly in the form of very large drops 
These formed slowly at the end of the electrode and fell 
across the are apparently under the force of gravitation 
only. 

In the complete absence of admixed oxygen, a heavy 
deposit of black powder (previously identified as alpha- 
iron’), formed on the base plate and the walls of the 


chamber. The presence of any appreciable amount of 
oxygen in the system, the result of incomplete evacua 
tion or infiltration of air during welding, was always 
definitely indicated by the deposition of a red-yellow 
powder, apparently iron oxide, instead of or concur 

rently with the black powder. However, with the bare 
electrode in this gas, a considerable admixture of oxygen 
was required before any trace of crater appeared. The 
arc and weld maintained characteristics typical of an 
inert atmosphere even in the presence of a considerable 
deposition of the oxide. 

The melting rate of the electrode in helium was ap 
proximately that of the bare electrode in air at the same 
current and voltage (about 20 grams per minute at 20 
volts and 120 amperes). The cathode spot, however, 
showed a bad tendency to wander, making are control 
somewhat difficult. 

Antimony-Coated Electrode.—Wheu the welding elec- 
trode was given an antimony coating of known amount, 
ranging in small steps up to over 2% of the total weight 
of the rod, the deposit was very similar to that obtained 
in welding with the bare electrode in helium Figures 
7 and &. Figure 8 is not a typical section, since it is less 
flat than the typical antimony ‘weld. It is included to 
show the tremendous porosity which sometimes occurs 
in welds made in the inert atmospheres The metal 
was somewhat less bright and shiny than that deposited 
from a bare electrode, and tended to form a slightly more 
flattened bead of about equal porosity and even less 
penetration. However, beads produced from the anti 
mony-coated electrodes were not generally flattened to 
the extent of the deposit illustrated in Fig. 4, which 
was made with a bare electrode on a base plate spread 
with antimony, due probably to the presence of a con 
siderably smaller amount of allpyed antimony in the 
deposit from the prepared rods. 

With the antimony-coated rods, no crater appeared 
in the pure helium atmosphere, but an increased ten 
dency toward crater formation was qualitatively indi 
cated by the fact that the presence of a mere trace of 
oxygen as an impurity in the are atmosphere (indicated 
by deposition of iron oxides on the base plate) was in 
variably accompanied by the formation of at least a 
shallow crater. The “‘antimony”’ are was noisier than 
that of the bare electrode in helium, and spatter was 
somewhat worse. Metal transfer across the are was 
predominantly as relatively small droplets rather than 
as large globules—indicating a lowered surface tension 
of the molten metal. The rate of melting of the elec 
trode was from two to three times that of the bare 
electrode in the same atmosphere or in air. (Anti 
mony-covered electrode: about 30 grams per minute at 
34 volts and 100 amperes, compared with 15 grams 
per minute for the bare electrode at the same cur 
rent and voltage.) It was also observed that, with 
the same open-circuit voltage, rheostat settings and 
arc length, the voltage across the arc was increased 
about 50% over that of the bare electrode in helium, 
while current was considerably decreased. This, indi 
cating the possibility of an increased cathode drop, may 
partially account for the increased melting rate, but is 
apparently not of sufficient magnitude to account for the 
total increase 

In helium, then, no crater was formed even when an 
antimony coating was applied to the welding electrode 
The antimony apparently exerted a considerable effect 
in favoring crater formation, but the presence of at least 
some oxygen was essential for actual cratering with the 


coated as well as the bare electrode. The outstanding 
differences observed between experimental results in 
welding with the two types of electrodes were: (1) the 
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Fig. 6—Appearance of Typical Weld Deposit Made in Helium. 
Bare Electrode at 20 Volts and 120 Amperes. About 2X 


Fig. 7 (Center)—Appearance of Typical Weld Deposit Made in 
Helium with Antimony-Coated Electrode. 33 Volts and 100 
Amperes. About 2X 


Fig. 8 (Bottorn)—Etched Transverse Section of Weld Shown 
in Fig.7. About 2X 


decreased percentage of oxygen required in the arc at- 
mosphere to produce cratering when the antimony 
coating was applied; (2) the extensive flattening of the 
weld deposit produced by reduction of surface tension 
of the weld metal through solution of antimony; (3) 
the greatly increased melting rate of the electrode when 
coated with antimony. 


Welds in Argon 


The results obtained upon welding in an atmosphere 
of argon both with bare electrodes and with those coated 
with metallic antimony were in every respect closely 
similar to results observed when welding in helium. The 
arc behavior and voltage, rate of melting and metal 
deposition, and the character of the weld-metal deposit 
were apparently almost identical. This would be ex- 
pected from the close similarity in nature of these two 
inert, monatomic gases, but it was thought wise to deter- 


mine experimentally the effects of this gas as well as 
helium to insure that no unsuspected factor entered into 
the results obtained. 

Welds in Nitrogen 

In an atmosphere of nitrogen, welds made with bare 
and with antimony-coated electrodes gave no evidence 
of crater formation. The weld deposit was very similar 
in general appearance to that produced in helium or argon 
(Fig. 9). However, porosity was somewhat decreased 
and penetration considerably increased over welds made 
in atmospheres of the inert gases. The arc in nitrogen 
was slightly more noisy than in helium or argon, spatter 
was worse, and metal transfer was predominantly as 
smaller droplets. With the same open-circuit voltage 
and arc length, the arc voltage in nitrogen was slightly 
greater than that in the inert gases. A similar black 
deposit appeared on the work and on the walls of the 
chamber during welding. 

A notable difference was observed in the rate of melting 
of the bare electrode, which was more than twice that of 
the bare electrode in air or the inert gases at the same 
current and voltage. (Melting rates: in nitrogen, about 
30 grams per minute at 22 volts and 100 amperes, com 
pared with about 12 grams per minute in air at the same 
current and voltage.) Addition of an antimony coating 
to the rod raised the voltage across the arc considerably, 
but had surprisingly little effect on the melting rate or the 
character of the weld deposit produced. 

In nitrogen an increased tendency toward crater for 
mation over the inert gases was qualitatively indicated 
by the extreme difficulty encountered in securing an 
atmosphere of sufficient purity to insure a weld deposit 
free of crater. Whereas in helium an admixture of 
greater than 5% of oxygen (Doan and Young) is neces 
sary to produce a crater and a lesser percentage—al 
though indicated by a heavy deposit of oxides on the 
base plate—does not allow crater formation, apparently 
in nitrogen even a mere trace of contamination by oxy- 
gen will produce the effect. Thus even the slightest indi 
cation of an oxide deposit is, in nitrogen, always ac 
companied by crater. Unfortunately, quantitative data 
on that point are lacking, but apparently considerably 
less than 1% of oxygen is sufficient to result in crater 
formation in a nitrogen atmosphere. 

The weld deposits produced in nitrogen, then, were 
analogous in general appearance and in absence of crater 
to those made in the inert gases. However, in nitrogen 
an antimony coating on the welding electrode produced 
even less visible effect than in helium or argon. Particu 
larly remarkable were the great increase in melting rate 
of the bare rod in nitrogen, and the increased tendency 
toward crater formation apparent even without the 
antimony coating. 

Welds in Chlorine 

In atmospheres of chlorine no crater appeared either 
with the bare or the antimony-coated electrodes. The 
arc behavior and the character of the deposited metal 
were very much as in nitrogen, and porosity and pene 
tration were about equal in the two atmospheres (Fig 
10). Again, as in nitrogen, the electrode melted at a 
rate approximately two to three times that of the bare 
electrode in air. (Bare electrode in chlorine, about 30 
grams per minute; in air, about 10 grams per minute 
both at 40 volts and 90 amperes.) A considerable in 
crease in arc voltage over the inert atmospheres was 
noted. Addition of an antimony coating to the electrode 
raised the are voltage somewhat but affected the melting 
rate and the character of the weld deposit only slightly 
The are in chlorine was very noisy and spattered badly, 
requiring close adjustment to maintain stability. 
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As in nitrogen, even a very slight admixture of air 
was sufficient to cause crater formation. However, in- 
stead of the black deposit (assumed to be alpha-iron) 
which appeared in oxygen-free systems of helium, argon 
and nitrogen, in chlorine there appeared a copious de- 
posit of an active, hygroscopic, red powder, believed to 
be an iron chloride. This formed rapidly on the base 
plate, weld metal, electrode and chamber walls, appear- 
ing both in oxygen-free chlorine and in chlorine con- 
taminated by atmospheric air. By quickly obscuring 
the observation window, clogging gas trains, and at- 
tacking vacuum oil and grease, this added to the already 
considerable experimental difficulties created by the 
instability of the are and the discomfort involved in 
working so near the broken seals from which the acti 
vated gas issued. 

The observable effects of the chlorine atmosphere, 
then, were similar to those of previous atmospheres as 
regards general appearance and absence of crater. The 
weld deposit in chlorine was apparently less porous than 
in previous gases, and resembled the deposits produced 
in nitrogen (also diatomic) in general character and in 
penetration. The most notable differences in conditions 
were the easily explained appearance of the red powder 
(iron-chloride?) rather than the black alpha-iron which 
deposited in less active atmospheres, the great increase in 
electrode melting rate and weld penetration over the 
inert gases (similar to nitrogen), and the considerable 
rise in arc voltage over gases previously tested. 


CONCLUSIONS 


The experimental evidence clearly indicates that the 
surface tension of molten iron is considerably reduced 
by the addition of metallic antimony as an alloying 
element. Antimony is apparently a great deal more 
effective in this respect than are the oxides of iron. 
Since no crater appeared upon welding in the varied 
oxygen-free atmospheres (both monatomic and dia- 
tomic) experimentally tested by the use of rods quite 
heavily coated with antimony, it is logical to conclude 
that the gradient of reduced surface tension so produced 
cannot alone be responsible for crater formation. Thus 
the mechanism proposed by Doan and Young cannot be 
considered a complete explanation of cratering. That 
it is to some extent effective in favoring crater formation 
is indicated by the definite qualitative evidence provided 
by the present experimental observations. Whereas in 
the inert gases under ordinary circumstances (bare elec- 
trode) a considerable admixture of oxygen is required to 
produce crater, when electrodes coated with metallic 
antimony are used under conditions otherwise identical, 
the slightest trace of oxygen or of atmospheric air suf- 
fices to produce this phenomenon. 

Besides the work done in the present investigation in 
the use of an alloying element to alter surface-tension 
conditions, this study has included verification of the 
results on crater formation in helium, argon and nitrogen 
reported by previous investigators, and has extended 
the evidence to include chlorine, an active diatomic gas 
not previously tested. Here, again, no crater appeared 
in the absence of oxygen. 

The qualitative evidence indicating that in atmos- 
pheres of the diatomic gases (nitrogen and chlorine) an 
even lesser contamination by oxygen is sufficient to 
allow crater formation, may be given a variety of inter- 
pretations. The fact that penetration is considerably 
increased by the presence of a diatomic gas, as originally 
noted by Doan and Young from their work on nitrogen 
atmospheres, indicates a more efficient heat transfer. 


Fig. 9—Etched Transverse Section of Typical Weld Deposit 
Made in Nitrogen. Bare Electrode at 22 Volts, 100 Amperes 
About 2X 


Fig. 10—Etched Transverse Section of Typical Weld Deposit 
Made in Chlorine. Bare Electrode, at 40 Volts and 100 Amperes 
About 2X 


This should apparently favor a surface-tension effect 
dependent on temperature gradient in the molten pool, 
facilitating crater formation. Variations in ionization, 
the force of the are stream, effective ionic space-charges, 
etc., may also be considered and variously interpreted. 

It is apparent, however, that—while the effects of a 
decreased surface tension, a surface tension gradient, 
and the presence in the arc atmosphere of diatomic gases 
other than oxygen, all favor crater formation—these, 
while probably contributing factors, are evidently not 
sufficient individually or together to explain completely 
the formation of a crater under the welding arc. In 
every experimental case where definite evidence of 
cratering has appeared, there has also been positive 
evidence of the presence of appreciable amounts of 
oxygen in the arc atmosphere. Conversely, in the ab- 
sence of appreciable amounts of oxygen no crater has 
been observed. It now seems very doubtful that any 
other gas will produce a similar effect. 

At present, then, a few factors are known to favor the 
formation of the welding crater by reducing the percent 
age of oxygen required in the arc atmosphere to produce 
it. However, the presence of at least a small admixture 
of oxygen is evidently essential, the phenomenon in some 
way depending primarily upon its presence. The actual 
mechanism by which, in the presence of oxygen, the 
crater is produced under the welding arc, still awaits an 
explanation. 
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COLD ROLLING TESTING 


By R. L. DOWDELL! and T. P. HUGHES’ 


WING to the rapid growth in structural welding the 
authors thought that a more rapid, less expensive 
and more drastic test for welds than ordinarily used 

could be found which would aid welders and supervisors 
to determine good welds. 

All welding engineers are quite familiar with the usual 
tensile, free bend and nick break tests, etc., which are 
relatively easy to meet by competent welders. The 
authors believed that a more drastic test could be devised 
which could be actually carried out in the field and which 
would tend to be more destructive and perhaps measure 
qualitatively any internal or so-called “locked-up’’ 
stresses in the immediate vicinity of the welds. If some 
welds have high internal stresses any external stresses as 
produced by cold rolling should aid in causing rupture in 
a relatively short time. 

Cold rolling of welds is not new. Much butt-welded 
wire, etc., has been cold drawn, but still no one to our 
knowledge has ever published results indicating cold 
rolling as a test method for welded steel or other alloy 
structures. 

Briefly, our test consists of taking strips one and one- 
half inches wide of vee or square butt-welded plates, up 
to one-half inch in thickness, and passing them through a 
set of flat two-high rolls of hardened steel. The rolling 
direction was transverse to the direction of welding and 
all overlays were ground flush with the plate surfaces 
before rolling. In early work it was found that cold re- 
ductions per pass of 0.010 inch in thickness were more 
severe than heavier reductions of 0.020 or 0.030 inch; 
consequently, a reduction of 0.010 inch in thickness per 
pass was considered as a standard. 

A small set of rolls as shown in Fig. 1 is quite satisfac- 
tory for the purpose of testing welded bars of the above 
dimensions. The small rolling mill made by W. W. 
Oliver Manufacturing Co. has rolls of 3 inches in diameter 
by 5 inches long and is classed as a triple-gear power roll- 
ing mill, driven by a 2 hp. motor and having a speed of 
10 r.p.m. 

All results herein reported were obtained with flat 
plate but we find no reason to believe that square or 
round bars could not be tested equally well with grooved 
rolls instead of flat ones. 

The writers are not of the opinion that the cold-rolling 
test is the last word in the testing of welds but they can 
safely say that if base plate alone will roll to a strip of 
about 0.010 inch in thickness any welded base plate 
should do likewise. It has been found with high-carbon 
steel plate that if the heat input is proper there will be a 
wide area of demarcation, and consequently more chilled 
area, between the weld metal and base metal. If there 


* Presented at Annual Meeting, A. W. S., Chicago, Oct. 23 to 27, 
1939. Contribution to Fundamental Research Division, Welding Research 
Committee. 
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Welded Steel Structures 


is no chill effect, then the welds will reduce to 0.010 inch 
and not show cracks at either the root or apex of the vees 
or along the side welds. 


WELDING PROCEDURE 


The plates specified in Table 1 were cut so that two 5 
inch x 10-inch plates were obtained. These were veed at 
15° and welded with the root spacing !'/;_ inch apart. 
This table also gives the chemical composition of the 
plates. 


Table 1—Chemical Composition of Hot-Rolled Steel Plates 
as Received 
Plate 
Dimensions Heat Chemical Composition, % 
Type in Inches No. Cc Mn 4 S 
Open-hearth 1/,x 5x60 83,485 0.19 0.53 Q.016 0.032 
flange and 5x 60 a 
1 


firebox * 2x 5x 60 ps 
S. A. E. 1045f +x 5x60 87,236 0.46 0.79 0.016 0.028 
/sx 5x60 89,360 0.46 0.73 0.023 0.034 
1/,x 5x60 87,600° 0.43 0.77 0.014 0.027 


* Kindly furnished by Wm. Bros. Boiler and Manufacturing Co., Minne 
apolis, Minn 
t Kindly furnished by Illinois Scully Steel Warehouse, St. Paul, Minn 


Table 2 gives the general welding data. 


Table 2—Welding Data Using Heavily Coated Rod* 5/32 Inch 
Diameter for the First Pass and 344 Inch Diameter for the 
Second Pass 


Thickness of Current in Amperes Total Number of Passes 


Plate Ist Pass 2nd Pass on Plates 
1/, inch 150 200 2 (one side only) 
3/, inch 200 225 4 (two on each side) 
1/, inch 200 250 4 (two on each side) 


* All electrodes were ‘‘Fleetweld No. 5” furnished gratis by Lincoln E! 
tric Co., Cleveland, Ohio. 


Fig. l—Two-High Rolling Mill 


116-s 


o 


ew 


A 

4 
B 

E 
F 
my 

+t 
| 
3 
tl 
= T 

\] 

‘ 

i 
as 

bed 
{a 

j 


he 


4 
B > 


Fig. 2—Outer Edge of Rolled Welds, Slightly Enlarged 


A— 's-inch plate showing crack at root of om after few passes 
B—'/e-inch plate showing crack at root of wel 

C—! inch plate showing crack at root of weld 
D—! /s-inch plate showing crack at root of weld 

E—*/s-inch plate with no crack. (Perfect weld) “ many * 
F—+4,s-inch plate showing crack at rootof weld “ 


Results 


Tables 3 and 4 show the results of the tensile tests on 
the Flange-Firebox Steel and the S. A. E. 1045 Steel. 
The tensile specimens were made from the welded plates 
by cutting them into 2 “inch wide strips transverse to the 
welds and shaping to a 2-inch gage length by one and one- 
half inches wide. It should be noted that the tensile 
properties for these welds are about average for the 
above grades. 


Table 3—Tensile Tests of Welded Flange-Firebox Specimens 


Specimen Tensile Strength* Per Cent Elongation Across Weld 
Number Lb./Sq. In. 1/,-Inch Gage  1-Inch Gage 


Plate '/, inch thick, width at gage 1'/; inches 


1 54,400 18 17 
2 62,400 28 23 
3 60,900 32 20 
4 64,600 12 15 
5 62,600 12 14 
6 64,000 10 12 
7 62,000 6 14 
8 60,000 38 22 
58,200 6 9 
Plate */s inch thick, width at gage 1'/; inches 
10 63,500 24 28 
ll 63,300 28 23 
12 62,100 30 15 
13 61,800 24 17 
14 59,100 28 16 
15 66,200 24 17 
Plate '/, inch thick, width at gage 1'/, inches 
16 56,500 28 15 
17 61,100 28 20 
18 56,200 24 15 
19 63,800 40 31 
20 62,300 40 28 
21 59,500 40 31 


. Unwelded base plate averaged 61,500 Ib./sq. in. and 28.5% 
elongation over 8-inch gage. 


COLD ROLLING TESTS 


Table 4—Tensile Tests of Welded S. A. E. 1045 Specimens 


Specimen Tensile Strength Per Cent Elongation Across Weld 
Number Lb./Sq. In '/>-Inch Gage l-Inch Gage 


Plate '/, inch thick, width at gage 1'/; inches* 


l 88,460 24 13 
2 82,500 24 12 
3 84,000 12 12 
4 92.700 24 15 
5 86,500 26 14 
Plate */s inch thick, width at gage 1'/, inches* 
6 84,500 
7 70,000 10 Q 
8 81,200 8 
+] 91,700 24 l4 
10 89,100 26 14 
Plate '/; inch thick, width at gage 1'/, inches* 
il 80,000 22 16 
12 69,800 16 
13 78,300 10 6) 
14 89,300 22 13 
15 84,200 24 15 


* Thickness in each case was about 0.025 inch less than shown 
All specimens were surface ground before rolling and tensile 
testing. 


About one hundred welded plates of '/,, */s and '/: inch 
in thickness were cold-rolled and in nearly all cases the 
'/,inch plate in both the Flange-Firebox Grade and the 
S. A. E. 1045 could be reduced to 0.010 inch strip in 
about twenty-five passes without showing internal rup 
tures along the weld or at the bottom of the vee. If the 
roll passes were always set at 0.010 inch decrease there 
was always a ‘‘spring back’’ so the number of roll passes 
multiplied by 0.010 is greater than the original thickness 
of the plate. 

With the */s-inch plate, and especially the '/:-inch 
plate, we had some welds which would take 40 passes but 
many that would fail at the throat of the vee as shown in 
Fig. 2. About two-thirds of the welds in both classes of 
steel in the */s- and '/s-inch plates would first fail at the 
root of the vee after only four or five passes, so a 
microscopic examination was made to find the cause 
of failure which revealed lack of penetration at the 
root. The welds, however, were relatively clean and 
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Fig. 3—Junction of Weld and Base Meta! (S.A. E. 1045 Plates) Showing 
harp Demarcation at Junction. 100 X 
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showed a rather sharp line of demarcation between weld 
metal and base plate (Fig. 3). In some cases after an- 
nealing at 1550° F. for one hour and cooling in about ten 
hours the rollability was increased. This treatment 
would restore rollability provided there was fusion on the 
first pass at the root of the welds and if they were prop- 
erly cleaned before the second pass. 


CONCLUSIONS 


From the results of this study it appears that a cold 
rolling test for welds has many advantages over the 
ordinary tensile and bend tests, because: 

|. It reveals insufficient penetration with heavy stock 
better than other tests. 

2. It is cheaper because special test bars are not re- 
quired. Any flat piece of nearly any width or length can 
be used as long as rolling is transverse to the direction of 


welding. The edges, however, should be rough ground s 
failure can be detected as shown in Fig. 2. 

3. It is faster and the rolling tends to concentrate 
stress at the weld which, after all, is the portion of the 
plate to be tested. 

1. It shows the general plasticity of the weld together 
with the adjoining base metal. 

5. It is a more satisfactory test to convince a welder 
of any faulty welding and help him improve his technic 
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TESTIS OF THE CAPACITY FOR 


Detormation of Multi-Layer Welds 


By K. L. ZEYEN 


sure the capacity of the weld to undergo deforma- 

tion before failure are assuming increasing impor- 
tance. In the present research the common tests to 
measure capacity for deformation were performed on 
all-weld-metal and welded joints deposited by gas and 
arc processes using several important classes of filler 
rods. 
* Abstract of ‘“‘Versuche mit Priifverfahren zur Ermittelung der Verform- 
ungsfahigkeit von Mehrlagenschweissungen an weichem Flussstahl,’’ published 
in Elektroschweissung, 10, 21-30, 67-74, 90-94 (1939) Dr. Zeyen is a member 
of the staff of Fried. Krupp A. G., Essen, Germany. 


©: ALL methods of testing welds, those which mea- 
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Fig. 1—DVMR Notch-Impact Value of Arc Welds (not heat treated) 


X—Unwelded base metal 

G—Dipped electrode 

J—Cored electrode 

L—Medium-covered electrode 

O—Mn-Mo heavy-covered electrode 

O—Si-Mn heavy-covered electrode 

U—25 Cr-20 Ni austenitic medium covered electrode 
A—DVMR notch-impact value, mkg./cm.*? 
B—Temperature of Test, ° C 


in Mild Steel 


ALL-WELD-METAL 


Ten beads of gas weld metal or 12 to 20 beads of arc 
weld metal were deposited in the right angle between 
mild steel plates 0.79 inch thick. Tensile bars machined 
therefrom were 0.32 inch diameter, 1'/. inches gage 
length. Notch-impact specimens were of DVMR type 
(10 x 10 x 55 mm., notch 3 mm. deep, 2 mm. diam.). 
The tests showed, Table 1, that the composition, particu- 
larly the nitrogen and oxygen contents, was the de 
termining factor for static tensile strength and notch- 
impact value. Nitrogen was analyzed by the HC! 
solution method, while total oxygen and hydrogen were 
determined by hot vacuum extraction. 


MULTI-LAYER WELDS 


Butt welds (60° V, 0.08-inch spacing) were made pe! 
pendicular to the direction of rolling in normalized open 
hearth steel plates 0.47 inch thick, 2 inches wide, |+ 
inches long. All filler rods and electrodes were 0.1! 
inch diameter. Gas welds (leftward process) were mac 
in three layers, arc welds (d. c.) in 5 or 6. 


NOTCH-IMPACT VALUE 


The notch-impact specimens were of DVMR typ* 
with notch in root of weld. Specimens for the aging 
tests were compressed 10%, were heated '/: hr. at 200 
C., and were air cooled before testing at 20° C. Gas 
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Table 1—Composition and Mechanical Properties of All-Weld-Metal 
~ Properties of All-Weld-Metal 
Method Yield Tensile Elongation, Notch 
of Strength, Strength, % in Impact Value, 
. Series Welding Lb./In.? Lb./In.? 1.6 Inches Mkg./Cm.? Kind of Rod 
A Gas 38,400 56,100 25.5 12.0 Plain carbon 
B Gas 38,700 57,000 23.5 12.2 Low-alloy, Si-Mn 
r & Gas 36,100 64,700 23.3 13.8 Higher-alloy, Si-Mn 
D Gas 86,500 11.2 10.6 Cr-Mo 
I Gas 37,000 78,500 35.9 12.1 25 Cr-20 Ni 
F Are 43,800 59,500 7.5 1.5 Bare, plain carbon 
G Arc 42,400 67,800 11.2 1.9 Lightly dipped, plain carbon 
J Are 48,800 68,100 15.0 5.4 Cored, alloyed 
I Are 50,300 61,500 25.0 9.3 Medium-covered, plain carbon 
O Arc 56,500 75,000 31.9 14.2 Mn-Mo, heavy covered 
S Q Are 58,800 74,000 25.7 10.3 Si-Mn, heavy covered 
x Are 59,700 100,000 47.4 18.8 18 Cr-8 Ni medium covered 
U Arc 52,300 89,000 44.8 15.9 93 Cr-19 Ni medium covered 
g xX Unweldedt 37,000-38,000 58,000 39-40% in 4 in. 15.0-15.2 Unwelded base metal 
| Composition* of All-Weld-Metal, % 
Series Cc Si Mn Ni Cr Mo N: Or H, 
A 0.07 trace 0.33 0.03 0.01 ; 0.019 0.051 0.0006 
B 0.08 0.08 0.35 0.08 0.02 ; 0.017 0.049 0, 0005 
Cc 0.13 0.12 0.55 0.04 0.01 ae 0.017 0.025 0 0003 
D 0.20 0.33 0.56 0.13 0.64 0.20 0.014 0.026 0. 0004 
E 0.14 0.68 0.71 19.5 25.3 , 0.028 0.038 0.0023 
F 0.03 0.02 0.20 0.06 0.140 0.210 0.0002 
G 0.04 0.02 0.20 0.09 0.120 0.180 0.0003 
J 0.12 0.06 0.44 0.08 0.01 0.100 0.090 0.0003 
L 6.06 trace 0.20 0.07 ~~ 7 0.052 0.130 0 0009 
O 0.10 0.06 0.55 0.19 0.01 0.49 0.025 0.090 0.0005 
QO 0.11 0.56 0.68 0.07 0.03 ny 0.015 0.094 0.0018 
I 0.19 0.67 6.10 7.8 18.5 0.089 0.021 0.0010 
I 0.13 0.71 1.84 18.7 22.9 7 0.068 0.042 0, 0O0S 
5 X 0.12 0.14 0.54 0.11 0.17 Pe 0.006 0.006 0.0002 
* The phosphorus content of the welds varied from 0.010-0.029%. The sulphur content of the welds varied from 0.013-0.030% 
bs The copper content of the welds varied from 0.08-0.15% 
+ The mechanical properties were determined in the direction of rolling. Transverse properties were very slightly lower 
welds had about */; the notch-impact value of base metal austenitic welds had high notch-impact values which 
except in the range 0 to — 50° C., in which the austenitic were improved by stress annealing, but decreased 10 
rod yielded the best results, whereas the unalloyed rods to 25% by normalizing. Aged specimens had _ the 
yielded the lowest results. Normalizing raised the following notch-impact values: 
rc notch-impact value practically to that of base metal, 
except for the unalloyed welds, which retained low 
d values in the range 0 to —50° C. Stress annealing was 
re not so beneficial as normalizing. Aged specimens had oo 
> 9 2 wi or stress 
re poses 2 a em.* with rods B and C, 1 to 4 mkg. Electrode Annealed Normalized 
; cm. with Cr-Mo rod, and 5 to 10 mkg./cm.’ with the G dipped <1 <1] 
1 25 Cr- 20 Ni rod. J cored 1 
€ As the nitrogen content of arc welds increased the L medium covered 2 
h- notch-impact value decreased, Fig. 1 Welds with low 
l nitrogen content were improved by normalizing and to a T 18-8 g { 
re less extent by stress annealing. Welds with high nitro- U 25-20 10 6 


gen content had lower notch-impact value at all tempera- 
tures after stress annealing, and lower at low tempera- 


tures after normalizing than as-welded specimens. The 
n 047" 
+ le 
le 
60 
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Fig. 2—Specimen for the Stretch Test. Arrow Indicates Direction of 
as Rolling. Root of Weld Machined Flush. Gage Length = 5 Inches 
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DEFORMATION OF MULTI-LAYER WELDS 


Stress annealed welds were furnace-cooled after 2 hi 
Normalized welds were air-cooled after '/; hr. at 900° C 


BEND DUCTILITY 


The bend specimens were 1.18 inches wide, and the ar 
edges were rounded to a radius of 0.047 inch. Plunger ; 
bend tests were made with a plunger 0.95 inch diameter, 
distance between rollers 2.4 inches, and roller diameter 
2.0 inches. In the free bend test the specimens were 
bent 180° in such a way that the two ends were the same 
distance apart (0.95 inch) as at the completion of the 
plunger bend test. The root was machined flush and 
the face of the weld was in tension. Provided the speci- 
mens did not reach 180°, the free bend test yielded 10 
to 50° higher bend angles than the plunger bend, whether 
or not the weld was machined flush. Machining the 
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Fig. 3—"‘Stretch"’ Ductility (welds not heat-treated) 


X—Unwelded base metal 
Y—tElongation, % in 5 inches 

Black columns—welds machined flush 
White columns—unmachined welds 


face of the weld had no effect. Only the arc welds made 
with electrodes F and G had less than 100° bend angle, 
whether or not heat treated. 


STRETCH TEST 


The stretch test consists of a tensile test of the speci- 
men shown in Fig. 2. It isa relatively costly test. The 
specimen is pulled until the first crack appears. In the 
majority of tests the first crack in the weld coincided 
with fracture with about the same necking as in unwelded 
specimens. ‘The elongation in % on a gage length of 5 
inches is reported. All welds except those made with 
electrodes F, G and J yielded over 15% elongation with 
weld machined flush, Fig. 3. Machined specimens made 
with filler rod E revealed no cracks in the upper face but 
numerous transverse cracks appeared in the root bead. 
In general, left-hand welding yielded a little lower re- 
sults than right-hand, while normalizing and stress an- 
nealing raised the “stretch ductility.” 


PULSATING TENSION FATIGUE TEST 


Butt welds (60° V, 0.08 inch spacing) were made in 
mild steel plate (0.15 C, 0.56 Mn, trace Si, 0.59 inch 
thick). Unlike the other welds, the root of the welds 
for the fatigue tests was ground clean before the reverse 
bead was deposited. The specimens were 3.2 inches 
wide, and were tested at 25 cycles per second with a 
lower stress of 150 Ib./in.? The fatigue strength was 
determined from the Wohler curve at 2 million cycles, 
Table 2. The determining factors for fatigue strength 
were absence of porosity and of coarse grain structure, 
and gradual transition from surface of weld to surface of 
plate. 


MICROSTRUCTURE AND HARDNESS 


In none of the welds that had not been heat treated 
did the hardness rise above 169 Brinell. Normalizing 
and stress annealing raised the 25 Cr-20 Ni arc welds to 
180 Brinell. Normalizing was far more effective than 
stress annealing in refining the grain size of weld metal, 


Table 2—Pulsating wigs + Strength of Butt Welds. 
./In. 


Unma- Machined 


Series Method of Welding chined Flush 
A Gas plain-carbon steel rod 22,800 24,200 
B Gas low-alloy Si-Mn 27,000 27,000 
* Gas higher-alloy Si-Mn 25,000 26,000 
D Gas Cr-Mo 22,000 25,600 
E Gas 25 Cr-20 Ni 25,600 31,300 
F Arc bare electrode 14,200 14,200 
G Arc lightly dipped 19,200 21,300 
J Arc cored 21,300 24,200 
L Arc medium-covered plain carbon 25,000 25,000 
O Arc Mn-Mo 28,500 31,300 
Q Are Si-Mn 25,600 28,500 
= Arc 18-8 24,200 27,000 
U Arc 23-18 23,500 26,300 
xX Arc unwelded, with mill scale 37,000 ; 

O Arc Mn-Mo, stress annealed 25,600 31,300 
O 


Are Mn-Mo normalized 25,000 33,400 


except the austenitic welds whose grain size was un- 
affected by either heat treatment. 


COMPARISONS AMONG TESTS 


There is a fairly close connection between elongation 
and notch-impact value of all-weld-metal and between 
“stretch” ductility and notch-impact value of welded 
joints. There was little relationship among bend duc- 
tility on the one hand and “stretch” ductility and notch- 
impact value (20° C., welded joints) on the other hand. 
But there is a close connection between the last two fac- 
tors, Fig. 4. 

In conclusion, there are three ways in which normaliz- 
ing may injure the capacity for deformation of a weld: 
(1) change in form of nitrogen in high-nitrogen mild steel 
arc welds; (2) grain coarsening in covered electrode 
welds; (3) carbide precipitation in austenitic welds. 


é 
av 


Fig. 4—Relation Between ‘‘Stretch" Ductility and Notch-Impact Value 
of Welded Joint at 20° C. 


o—Ges welds 

+—Arc welds 

Large Circles—Austenitic welds 

Y—Stretch ductility expressed as elongation, % in 5 inches for machined welds 
Z—Notch-impact value, mkg./cm.*, at 20° ‘ol 
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BEND DUCTILITY SURVEYS” 


By ROBERT D. WILLIAMS 


testing the entire region around the weld, the free- 

bend test seemed to be the one which would yield 
the most information. In its usual form, however, it 
would not be sufficiently critical to show what occurred 
at specific points within the region of the weld. The 
difficulty was met by using, instead of the usual two- 
inch gage length, a distance of about an inch and a half 
which was divided by gage lines one-twentieth of an 
inch apart. 

Specimens an inch wide were machined perpendicular 
to the weld, put on a shaper to eliminate surface irregu- 
larity and surface ground on the top side. They were 
then lightly etched with ammonium persulfate to locate 
the weld, after which the center line of the weld and the 
center line parallel to the long axis of the specimen were 
marked, Fig. 1. From the latter, sixteen gage lines were 
drawn at increments of twentieth of an inch on each side 
of the center line of the weld and parallel to it. Using 
such a small gage length, changes in local ductility could 
be measured readily, and it became apparent that by ob- 
taining the hardness at each of the gage lines, local hard- 
ness could also be measured. In drawing the gage lines, 
therefore, adjacent ones were extended from the center 
line toward opposite edges. Hardness readings were 
then made on these lines near both edges of the specimen, 
alternate readings falling on the same side. The reason 
for extending adjacent lines in opposite directions was 
to spread the hardness impressions over larger distances 
so that they would not cause a line of weakness along the 
surface. It was found, however, that the hardness 


ie CONSIDERING various methods of satisfactorily 


Line of Vickers Hardness aor 


lin. 
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Fig. 1—Gage Lines Inch on Specimen for Free-Bend Ductility 
urvey 


* Abstracted from a thesis by the author entitled ‘Welding Properties of 
Low-Alloy Steels." Submitted in partial fulfillment of the requirements 
for the degree of master of science from the Massachusetts Institute of Tech- 
Sology, 1937. Contribution to the Fundamental Research Division. 
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Fig. 2—Vickers Hardness and Bend Ductility Surveys of an Oxyacetylene 
Weld in Plates '/s Inch Thick, 12 Inches Square, Containing 0.39 C, 
0.85 Si, 1.37 Mn, 0.13 Cu, 0.55 Cr 


—specimen trom near the end of the weld 
specimen from near the middle of the weld 


varied somewhat across the surface, so that alternate 
readings were more consistent than adjacent ones. 

In marking the gage lines a standard procedure was 
adopted consisting of first locating the weld, then paint 
ing the region to be marked with a concentrated solution 
of copper sulfate, which plated out a thin coating of 
copper. The weld and specimen center lines were then 
drawn by hand, using a jeweler’s eye-piece, steel rule 
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Fig. 3—Vickers Hardness and Bend Ductility Surveys of an Arc Weld in 

Plates '/s Inch Thick, 12 Inches Square Containing 0.39 C, 0.85 Si, 1.37 

Mn, 0.13 Cu,0.55Cr. The Maximum Hardness in the Heat-Affected Zone 
Was 365 Vickers 


specimen from near the end of the weld 
~ specimen from near the middle of the weld 


and scratch awl. The specimen was then placed under a 
cathetometer and the distances between gage lines were 
accurately measured to the nearest thousandth of an 
inch. 

Hardness readings were next taken on these lines, and 
it was during these preliminary experiments that the 
load and objective to be used with the Vickers machine 
were chosen. It was desirable to get an indentation 
which would be small enough to indicate local hardness, 
yet sufficiently large to give an accurate reading, in spite 
of the marks of surface grinding. The combination 
finally chosen was a thirty kilogram load, with a two- 
thirds objective for measuring the impressions. 


After accurately measuring the distances between the 
gage lines and obtaining the hardness readings on them, 
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Fig. 4—Vickers Hardness and Bend Ductility Surveys of an Arc Weld in 
Plates */; Inch Thick, 12 Inches Square Containing 0.09 C, 0.91 Mn, 1.45 
Cu, 1.15 Ni, 0.076 Mo 


————+specimen from neer the end of the weld 
-—-—--—specimen from near the middle of the weld 


the specimens were bent in a vise, the marked surface 
being, of course, on the outside. In all cases the bend- 
ing was controlled as much as possible in order to bring 
the center line of the weld into the middle of the bend. 
With the preliminary bends this control was rather diffi- 
cult, because the weld metal was so much more brittle 
than the base metal that bending occurred first at both 
sides of the region of the weld. Bending was continued 
until an appreciable crack appeared in the middle third 
of the specimen’s width. After the bending was stopped, 
the ends of the specimen were cut off outside the region 
to be examined and the remainder was placed in a jig, 
on which it was rotated while the gage distances were 
again measured with the cathetometer. A slight error 
was introduced at this point due to the fact that the true 
gage distances lay along a curved surface, while the read- 
ings were actually a measurement of the chords between 
adjacent gage lines. As the curvature was fairly uni- 
form, however, the error was neglected. 


Two examples of the application of bend ductility 
surveys to butt welds in low-alloy steel plates */s inch 
thick are shown in Figs. 2 to 4. The oxyacetylene weld 
was made with a low-carbon filler rod '/; inch diameter 
containing Si and Mn; the arc welds were made with 
low-carbon mineral covered electrodes °/32 inch diameter. 
Most of the deformation in the medium-carbon steel 
specimens occurred in the soft weld metal. A small de- 
crease in ductility was observed in the hard heat-affected 
zone. Although the hardness of the weld in Fig. 4 was 
about the same as base metal, again the majority of the 
free-bend deformation occurred in the weld. 


Preliminary tests were made on similar specimens 
stretched in tension to the yield point of either base 
metal or weld. After the yield point was reached cathe- 
tometer readings of elongation were made, and were re- 
peated at increments of several thousand pounds until 
fracture occurred. The preliminary results did not differ 
materially from the bend ductility surveys. 
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BRAZING THE ALUMINUM ALLOYS’ 


By G. O. HOGLUND! 


RAZING methods for joining parts made from the 
B aluminum alloys have been developed and the 
process has been used successfully on several 
commercial applications. A complete description of the 
details of the process may be somewhat premature at 
this stage in the development because improvements are 
occurring as a result of exploitation of the process in 
industry. However, considerable interest has been 
aroused in those fields where the low cost of batch brazing 
can be applied to aluminum alloy parts on somewhat the 
same basis as is now done on other metals. 

Although only limited experience is available, the basic 
factors that are essential to handling the aluminum 
alloys have been established and it is proposed in the 
following to describe these principles as they are now 
applied. In addition, there is included sufficient in- 
formation on the characteristics of brazed joints to permit 
at least general conclusions to be drawn on the suitability 
of these joints for service use. 

In general, these brazing methods involve the use of 
filler material with a lower melting point than the parent 
material, together with fluxes which melt at the brazing 
temperature and permit the filler material to wet the 
surface of the joint. Brazing the aluminum alloys 
differs from welding primarily in that no substantial 
amount of the parent material is melted. As the tech- 
nique involved is of comparatively recent origin, all 
possibilities of the general process have not been ex- 
plored, but experience to date indicates that there are 
three general methods of application. 

These methods are furnace brazing, dip brazing and 
torch brazing. In the first named, the parts are assem- 
bled, fluxed and brought to a temperature above the 
melting point of the filler material but below the melting 
point of the parent material. The cost reduction possi- 
bilities of this method over gas welding are apparent 
when it is considered that the number of parts or the 
number of joints on any one part are limited only by 


_.* Presented at the Annual Meeting, A. W. S., Oct. 23 to 27, 1939, 
Chicago, Ill. Contribution to Industrial Research Division, Welding Research 
Committee. 


t Welding Engineer, Aluminum Company of America, New Kensington, Pa. 


Fig. le-Croes Section of Furnace-Brazed Tee Joint in Aluminum- 
Manganese Alloy Sheet Made with Wire Filler Material 


Fig. 2—Assembly of Tubing and Sheet Joined by Brazing Methods 


furnace size. Dip brazing is accomplished by assembling 
the parts in jigs to maintain proper mating of faying 
surfaces and applying brazing heat by dipping the 
assembly in molten flux, held at a temperature that will 
wet the surface of the parent parts and permit the filler 
material to flow into the joint. Torch brazing needs no 
extended description as this method resembles very much 
the conventional gas-welding process, except that a filler 
material of low melting point is used with a special braz- 
ing flux so that little or no melting occurs in the parent 
material. 

The details of the brazing process have not yet been 
worked out for all of the aluminum alloys. However, a 
representative group of alloys, ranging in mechanical 
properties from those of commercially pure aluminum to 
those of the heat-treated alloys, commonly used for 
welded parts, can be brazed by the above methods. 
These alloys include commercially pure aluminum (25) 
and material of higher purity, an aluminum-manganese 
alloy (35), an aluminum-manganese-magnesium alloy 
(4S) and an aluminum-silicon, magnesium-chromium 
alloy (61S). The latter alloy is a heat-treated material 
and brazed joints in this alloy have shown the highest 
tensile strengths. The choice of the proper alloy for a 
specific part will depend on the design of the parts to be 
brazed and will be based on the relative cost, strength, 
ease of forming of these materials, rather than on the 
brazing properties. 

The strength of brazed joints in these alloys is about 
the same as the strength of torch-welded joints. A com 
parison of the values of the strength of furnace-brazed 
butt joints in 0.051 inch thick sheet is shown in Table 1, 
and is indicative of the range covered by these materials. 
In this connection it should be noted that the tempera 
ture of the brazing operation is above the annealing 
temperature; consequently, the parts are annealed by 
brazing. Furnace or dip-brazed parts of 3S or 4S alloys 
will return to the annealed temper regardless of the cold 
work in the parts initially from the forming or rolling 
operations. 615, on the other hand, relies on a heat- 
treatment operation to attain maximum strength. It is 
possible with some assemblies to quench the part in an 
air stream or in water to remove the brazing heat and at 
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Fig. 3—Gasoline Tank in Which Joints, Fittings and Brackets Are Brazed 
in Batch Type Furnace 


the same time develop substantially higher strength than 
if a slow cooling rate were used. A separate heat-treat- 
ing operation after brazing can also be used when heat- 
treated properties are essential. 


Table 1—Typical Values of Strength of Furnace Brazed 
Butt Joints 


Tensile Yield Elongation, 
Strength, Point, % in 
Alloys Psi Psi 2 Inches 
3S 15,000 9,000 7.0 
4S 19,000 12,000 3.0 
61S 34,000 30,000 3.0 


The successful application of brazing depends on the 
proper choice of filler materials and flux. Filler mate- 
rials have been developed which melt and flow into the 
joint at a temperature far enough below that of the 
parent material to provide a practical brazing range. 
The brazing material may be applied as a wire or as a 
sheet washer in a manner similar to the methods used 
with other metals. 

Because of the natural oxide coating present on all 
aluminum and aluminum alloy parts, it is not possible to 
wet the surface of the parent material with the filler 
material unless a flux is used. A number of special 
brazing fluxes have been developed for this purpose 
which melt below the brazing temperatures and prepare 
the surfaces so that the brazing material will flow into 
the joint. These fluxes may be supplied in the form of 
finely ground powder and can be applied to the joint in 
a dry or wet state. The method of application will 
depend on the type and number of parts, although either 
painting or spraying a mixture has been most economical 
to date. 

After the brazing operation has been accomplished it 
is important to remove the residual brazing flux to im- 
prove the appearance of the part, as well as prevent any 
possibility of corrosive attack which may take place 
when the flux adsorbs atmospheric moisture. While the 
fluxes are soluble in water it is usually advisable to apply 
a more vigorous cleaning procedure. One method that 
has given good results consists of immersing the part in 
hot water for a period sufficient to remove the major 
portion of the flux. This is followed by a 45 to 60-second 
dip in 5% sodium hydroxide held at 150° F. This in 
turn is followed by a water rinse and a | to 2-minute dip 
in cold 50% nitric acid. This acid is removed by a 
water rinse. 

Cleaning of the parts prior to the brazing operations 
is also frequently desirable. The type of cleaning will 
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depend on the amount of dirt or forming lubricant 
present on the parts and it is usually sufficient to use 
some form of solvent cleaning. In some cases this wil] 
not adequately clean the surface, and an etching pro- 
cedure similar to that described above is applied. 

Furnace equipment for brazing the aluminum alloys 
is essentially the same as that used for brazing other 
materials. The major difference is that the temperature 
range for brazing these alloys is lower than that used for 
ferrous materials. A temperature range from 1000 to 
1200° F. is used on all present applications that are now 
in production or being considered. Batch type electric 
furnaces have been used in most cases. Although con 
veyor type or gas-fired furnaces have not yet been used 
for brazing, there seems to be no valid reason why these 
should not be equally satisfactory if the furnace is de- 
signed to operate in the above range. A temperature 
control of + 10° F. is essential to obtain consistent re- 
sults, and this range is easily attained on practically all 
commercial furnace equipment. 

It is desirable in operating brazing furnaces to provide 
baffling so that radiant energy from the heating units 
does not cause local overheating in the load. In some 
cases also drops of molten flux will fall from the load, 
depending on the form and position of the parts. Some 
provision should be made to prevent this flux from con- 
tacting the heating units or deterioration of the units 
will occur. Circulation of the air in the furnace is de 
sirable to obtain uniform temperature distribution, but 
not essential to the brazing operation. 

No fumes or gases are formed during the brazing 
period which require ventilation to the outside air. 
When the fluxes are mixed with water to permit uniform 
spreading on the joints, a small amount of hydrogen may 
be evolved in the brazing furnace. When brazing parts 
with open joints this has no effect. When brazing closed 
assemblies, however, some means must be provided to 
permit egress of the hydrogen*gas. If this is not done 
ignition of the hydrogen may occur with sufficient vio- 
lence to push the parts out of alignment. 

All of the production brazing operations to date have 
been accomplished in an air atmosphere. Experimental 
work with the commonly used controlled atmosphere 
made by partial combustion of natural gas, coke oven 
gas, butane or propane, has not indicated that there is 
any advantage in using this type of atmospheric control. 
Good results, on the other hand, can be obtained with a 
pure hydrogen atmosphere, although it has not yet been 
necessary to use this gas in actual practice. 


Fig. 4—Furnace Set-Up for Handling Batch Furnace Brazed Aluminu™ 
Alloy Parts 
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[he load temperature and the time in the furnace for 
a specific part will depend on the alloy being brazed, the 
alloy of the filler material, the thickness and shape of 
the parts. With the brazing materials available at 
resent, this temperature will be somewhere between 


1050 and 1185° F. The proper temperature in this 
range for a specific job must be determined by trial. 
The time in the furnace will depend on the time neces- 
sary to get the load up to the brazing temperature. 
[his is followed by a brazing period of from 3 to 8 
minutes. The effect of the thickness of the part on 
furnace time is shown by the fact that parts made from 
brazing sheet 0.008 inch thick have been brazed in 4 
minutes, while heavier parts */s inch thick have required 
a furnace time of 45 minutes. 

Jigs and fixtures to maintain alignment of the parts 
can be used if the difference in thermal expansivity 
between the aluminum parts and the material used for 
the jigs is recognized. If steel or stainless steel jigs are 
used, the design should be such that the difference in 
expansion which will occur between the aluminum and 
the steel jig will not distort the aluminum part or push 
it out of alignment. The same applies to graphite jigs. 
Brass or copper jigs are usually not suitable as these 
metals will alloy very rapidly with aluminum at the 
brazing temperatures if contact is made between the 
brass or copper and aluminum in the presence of molten 
brazing flux. 

In view of the time lost in bringing the jigs and fixtures 
up to the brazing temperature, in addition to that re- 
quired for the parts to be brazed, it is more economical 
to so design the parts that the assembly is held in align- 
ment by the fit of the parts or aluminum rivets, or by a 
beading or clinching operation. Spot welding can also 
be used to advantage in those cases where the flux can 
be applied after the spot-welding operation. Tack 
welding with a torch is also a frequently used expedient. 
Sufficient information is not yet available on joint clear- 
ances to establish specific dimensions and for the present 
at least these clearances should be developed by trial. 
Experience indicates, however, that these clearances 
will not differ greatly from those commonly used on 


Theory and Application 
ot Modulators for 
Seam Welding 


By. E. RIETSCH 


O PROVIDE the intermittent power required in 

resistance seam welding, so-called modulators; that 

is, induction voltage regulators, may be used. The 
secondary is in series with the line and the welder. If 
the coil of an induction voltage regulator is rotated 
slowly, the effective voltage at the welder arms increases 
and decreases in time with the rotation. These increases 
and decreases correspond with “‘on’’ and “‘off”’ periods in 
seam welding. The theory of the changes in voltage is 
outlined in the following discussion. 


* Extended Abstract of “Der Spannungsverlauf beim Modulator,”’ and 
Die neueste Steuerung fiir elektrische Punkt-und Nahtschweissmaschinen'’ 
published in Elektroschweissung, 10 (7) 128-132, July 1939, and (9) 165-168, 
September 1939, respectively 


ferrous materials with the possible exception that the 
clearances should be slightly greater. 

In considering the performance of brazed joints, from 
the standpoint of mechanical strength or resistance to 
corrosion, actual experience is not yet available to draw 
final conclusions. It should be possible to develop the 
strengths in the joints substantially as shown in Table 1 
for the various alloys concerned. Pressure tests on some 
applications have shown that the joints are sufficiently 
sound to handle at least 90 Ib./sq. in. air pressure. This 
can probably be exceeded considerably. Other tests with 
water have been carried up to 1700 Ib./sq. in. hydro 
static pressure without leaking. No difficulty from the 
standpoint of tightness is anticipated in brazed joints 
assuming the design of the parts is adequate to carry the 
pressure. 

In considering resistance to corrosion it is desirable 
that the filler materials used in the brazing processes be 
aluminum alloys. It follows that the electrolytic po- 
tential between the filler material and the parent mate 
rial is not so great as between entirely dissimilar metals, 
and electrolytic corrosion from this source should not be 
severe. Corrosion tests on brazed joints made by salt 
spray, atmospheric exposure and boiling water exposure 
have indicated this to be the case. Similar exposure of 
specimens assembled by conventional torch-welding 
methods show about the same amount of attack as that 
which occurs on brazed joints. Based on a somewhat 
limited amount of available information, the conclusion 
that brazed joints are about the same as welded joints 
seems to be justified, and it has already been established 
that the resistance to corrosion of welded aluminum 
alloy construction is satisfactory for a great many in 
dustrial applications. 

In conclusion, it seems apparend that these processes 
should reduce the joining cost substantially as compared 
with standard gas or arc-welding methods. They pro 
vide neater joints requiring less finishing, and extend the 
range of welded joints to parts thinner than could here 
tofore be considered. The brazed joints produced as 
herein described have the characteristics of a welded, 
not a soldered, aluminum joint. 


PRINCIPLE OF INDUCTION VOLTAGE REGULATORS 


Induction voltage regulators are used to adjust the 
voltage in a circuit to a desired value The essential 
parts of a regulator, Fig. 1, are two stationary coils S; 
connected to a.c. supply in the field of which is (secon 
dary) coil S», which can be rotated. If the axis of S» 
coincides with the common axis of coils S,, the combina 
tion acts as an ordinary transformer, the effective volt 
age of S, being directly proportional to the ratio of turns 


Line 


Fig. l—The Modulator 
Principle 
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in the coils. If coil S, is rotated through an angle a, 
only a part of the flux passes through it and its effective 
voltage is reduced by the factor cos a. When coil 5S: 
reaches a = 90°, the voltage is zero, returning to a 
maximum again when .S; has rotated through 180°. 


THE REGULATOR AS MODULATOR 


Since cos a is negative when a is between 90° and 180°, 
it would seem that negative voltage would be produced. 
Of course, the voltage is not negative but is simply one 
half cycle in advance, which will be clear from a discus- 
sion of Fig. 2, in which a welding modulator is shown. 
Coil S» is connected with the mains to which coils .S; also 
are connected, and is in series with the binding posts K 
of the welder. For practical purposes the degree of 
modulation is the ratio, g, of turns in S, to turns in Sj, ex- 
pressed in %. The formula relating voltage at welder 
to line voltage is 


Vv, = V, (1 + g cos a) (1) 


Here again the difficulty with calculated negative 
voltage is encountered if a>90° and g>1, as described 
in British Patent 488, 324. Under these circumstances 
the actual readings of the voltmeter are plotted in Fig. 
3. Although the difficulty may be avoided by consider- 
ing only the absolute value of the expression in paren- 
theses in I, another argument against its validity is that 
when coil S: is in rapid rotation in the field, the coil 
generates an emf. in addition to that due to transformer 
action. Instead of effective voltage, therefore, we must 
substitute instantaneous voltage. 


xs TO 
WELDER 


Fig. 2—A Sear Welding Modulator 


K K = binding posts of seam welder 


360° 


Fig. 3—Type of Voltage Wave Delivered by Almost Stationary Modulator 
When degree of Modulation (ratio of Turns in S; to Turns in Coils §;) >1 


calculated from formula | 
line voltage 
dotted portion of curve measured with voltmeter 


FORMULA FOR MODULATOR VOLTAGE 


Formula I is too simple because the rotation of coil S; 
is not considered. The right hand member of the for- 
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mula must contain a term expressing the emf. of the 
rotating coil, as well as a term expressing the voltage in- 
duced in S; by coils S;. Since both voltages are alternat- 
ing, the frequency of the line voltage and the speed of 


rotation of coil S; must enter into the calculations. Asa 
result formula I becomes 
U, = U, [cos W, T (1 + g cos W,T)| —- 
gh sin W,7 sin II) 
where U, = voltage delivered by coil S. at any instant 


U, = line voltage 
W, = line frequency, expressed in radians (2 7 rv) 
W, = speed of rotation of coil S:, expressed in ra- 
dians/sec. 


h = W,/W, 


Fig. 4—Type of Voltage Wave Delivered by Rotating Seam Welding 
odulatorh = '/5,g = 1 


—— calculated without emf. generated by rotation of coil Se 
—-——— calculated with emf. generated by rotation of coil Ss 


Welders utilizing two rotating voltage regulators—so- 
called cascade control—give excellent results in seam 
welding all metals, including aluminum and copper. 
The gradual increase in current at the start of welding is 
beneficial for difficult locations or sensitive materials. 
In order to increase the available ‘‘off’’ time, a mechani- 
cal switch is coupled to the controller, which cuts out 
as many pulses regularly as desired. The switch is so 
adjusted that it makes and breaks contact during the 
“off periods of the modulators. Consequently, there 
is no contact arcing or wear. 

The duration of welding is regulated by the speed of 
rotation of the coils. Unlike tube-controlled welders, 
the “‘off’’ period can be only a multiple of the ‘‘in’’ period, 


which is not a serious disadvantage in practice. Two 
hand wheels are provided to adjust the “on” and “‘off 
time. One hand wheel actuates a roll switch which 


governs the corresponding series or parallel connectio! 
of the mechanical contacts, and hence governs the “‘off 
period. The other wheel adjusts the variable-speed, 
V-belt drive of the motor and hence regulates the ‘‘o: 
period. Available controls permit welding times from |! 
to 15 cycles. The ratio of ‘‘on’’ to “off may be from 
1:1 to 1:23, adequate range for all practical requirements 
If required, wider ranges can be provided for. A single 
cascade control can serve up to four welders operating 
on the same sequence of ‘‘on’’ and “‘off’’ periods. 

The first term is the voltage contributed by the flux 
from coils S, through transformer action, while the second 
term is the voltage due to coil S, cutting lines of force 
supplied by coils 


APPLICATION OF FORMULA II 


reassuring, Formula II is not troubled with the difficulty 


Besides containing formula I as its first term, which: !s 
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of negative voltage, because the voltage at any instant 
may alternate from positive to negative in any a.c. cir- 
cuit. What is the significance of the second term? The 
answer lies in factor h, which expresses how fast the 
modulator rotates with respect to line frequency. If 
W, is small, the second term of Formula II is negli- 
gible. It is clear that the second term is a correction fac- 
tor, which takes into account the speed of rotation of 
coil S:. Since g appears in both terms of II, the differ- 
ence between II and I is greater, the greater the degree 
of modulation, which might have been expected. 

Still another question now arises. Is it correct to 
speak of degree of modulation when the rotation emf. 
affects the magnitude of the total voltage of coil S,? 
The formula itself supplies the answer. The maximum 
or minimum value of the modulated voltage is attained 
when cos W,7 = 1. However, at that instant sin W,T 
is necessarily zero. Since sin W,7 occurs in the second 
term, it becomes zero when cos W,7 = 1, that is, when 
the voltage is maximum or minimum. Hence, the maxi- 
mum and minimum values of modulated voltage are 
unaffected by the rotation emf. Degree of modulation 
thus retains its integrity. 

Ordinarily g and h are small fractions. 
likewise is small. 
has little effect. 


Their product 
Consequently, the second term in II 
For an ordinary case g = '/4,h = '/s, 


Fig. 5—Type of Voltage Wave Delivered by Two Modulators in Series with 
the a.c. Supply and the Welder 


@=05 We = Qh and = 0.1 


the second term is negligible. However, for a modulator 
with g = 100% there are important effects, Fig. 4. The 
main characteristic of importance to seam welding, 
which is the periodic diminution in voltage (and power), 
is governed by the modulator principle itself, Formula I, 
Fig. 3, or the first term in Formula II. 

If two modulators or more having different speeds of 
rotation and different degrees of modulation are used at 
once, as in French patent 821,838, long ‘‘off’’ periods can 
be secured as shown in Fig. 5. All the voltages are no- 
load (open circuit) values; no account is taken of the 
drop in voltage when welding is done. 


DISCUSSIONS OF PAPER ON. 


“Effects of Alloying in Metallic Arc Welding” 


By R. H. ABORN and C. M. OFFENHAUER 


E ARE all indebted to Mr. Emerson for this ex- 
tensive and stimulating discussion of the influence 
of dissimilar compositions in ferrous welding. 


His conclusion that ‘‘a narrow band of martensite is not 


Fig.l Photomicrograph of 18-8 Weld Metal and Low-Carbon Steel 
arent Metal, with Intervening Layer of Martensitic Weld Metal Con- 
firmed by Micro-Hardness Measurements. x 


* Paper presented by R. W. Emerson before the AMERICAN WELDING 
“ocieTy, and published Oct. 1939 Welding Research Supplement 


formed along the fusion line of a weld made with an 
austenitic electrode and a low-carbon or low-alloy steel’’ 
is indeed not without exception in our experience at the 
United States Steel Corporation Research Laboratory. 

Recent examination of several single-pass metallic-are 
butt-welded joints of */;s-inch low-carbon steel plate with 
either 18-8 or 25-20 filler metal shows the presence of a 
discontinuous martensitic band or fringe in austenitic 
weld metal adjacent to the fusion line. The width of 
this martensitic zone has been found to vary from ap- 
proximately 0.003 inch to practically zero, and averages 
well under 0.001 inch. 

This zone may be revealed by the aqua-regia glycerine 
reagent and has been confirmed by micro-hardness 
measurements as shown in the accompanying photo- 
micrograph at a magnification of 500. The upper 
portion of Fig. 1 represents 18-S austenitic weld metal, 
while the region below the horizontal fusion line is low 
carbon steel parent metal. Just above and adjacent 
to the fusion line is the martensitic zone, approximately 
0.001 inch in width, which etches with a characteristic 
feathery or needle-like appearance The hardness im 
pressions made with a calibrated micro-hardness tester 
under a load of 25 gms. are strikingly different in size 
between the martensitic zone and the remainder of the 
weld metal. The impressions in the martensitic zone 
correspond to a Vickers-Brinell hardness of the order of 
400. In the mext thousandth of an inch beyond the 
fusion line the hardness drops to the 200 level character- 
istic of the body of the weld metal which is austenitic 
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By A. B. KINZEL* 


As is often the case, the proof of the pudding is in the 
eating. We all recognize the existence of a very thin 
zone of brittle constituent in welding ferritic steels with 
austenitic rods. However, large numbers of such welds 
have been in continued service in France and in Germany 
for several years, and welds of this kind have been re- 
ported to behave particularly well in ballistic tests, which 
certainly embody the impact factor. 


By K. W. OSTROM? 


Dilution Tests of 19-9 Deposits on Mild Steel 


We are grateful to Mr. Emerson and to the Westing- 
house Research Laboratories for their valuable contribu- 
tion to the industry on alloying in metallic arc welding, 
and the welding of dissimilar metals. 

Along the same lines, the Arcos Corporation labora- 
tory has undertaken a study of dilution of an 19-9 weld 
deposit when welding on mild steel. We have studied it 
from a chemical analysis viewpoint, whereas Mr. Emer- 
son has studied the metallographic and physical proper- 
ties. 

The problem arose in considering the samples which 
the Navy Department are using for making tests on 
stainless weld deposits under their Specification 17E9. 
They specify filling a butt joint in */,-inch mild steel with 
stainless steel deposit metal and cutting from the deposit 
a “0.505” all-weld tensile specimen. Our preliminary test 
was the depositing of six layers of weld metal on a mild 
steel plate making a pad of weld metal roughly '/2 inch 
high. 

Successive machine cuts '/3 inch deep were taken and 
the chips from the alternate cuts were retained for 
analysis. The results of the chemical analysis are shown 
in Fig. 1. The variation of the chromium content with 
the distance from the base plate is a smooth curve (Fig. 
2). We have calculated in terms of per cent loss by 
dilution and find that even as high as '/, inch from the 
surface of the base plate we have an appreciable loss by 
dilution. On a level with the base plate we have about 
30 per cent loss by dilution. 

Then we turned to the study of dilution in butt joints 
in mild steel (Fig. 3). In one case we took the joint de- 
sign specified by the Navy and lined each beveled face 
with a layer of 19-9 weld metal before assembling the 
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Fig. 1 
t Chief Metallurgist, Union Carbide and Carbon Research Laboratories, 


Inc. 
} Welding Technician, Arcos Corporation, Philadelphia, Pa. 
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joint. This was done with the hope of securing a 0.505 
sample free from dilution. Five drillings were taken 
from the cross section of the weld (Fig. 3 (a)), analyzed 
for chromium, and computed in terms of per cent loss by 
dilution. Since we found appreciable dilution in the 
portion of the weld metal tested, we redesigned the joint 
The included angle was increased from 45 degrees to (() 
degrees, and two layers of weld metal were deposited on 
the beveled surfaces. Eight positions on the cross sec 
tion of this weld were selected for analysis (Fig. 3 ())). 
Only positions 2, 3, 4 and 5 are within the area that would 
be included in a 0.505 sample. Consequently, a 0.505 
from this deposit would show less than 3 per cent dilu- 
tion loss. 
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We are presenting this information because it ties 1" 
with Mr. Emerson’s discussion of the Theory of Alloying, 
and because of the great interest aroused on the subject 
of testing of weld deposits by the recent Navy Specifica 
tions. Our investigation is by no means complete 
Tests are in progress to determine a joint design that will 
yield a 0.505 test piece free from dilution and at the same 
time minimize the amount of metal that must be ce 
posited. 
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By R. D. THOMAS, JR.** 


Welding of 4-6 CR-MO with an Austenitic 25-20 CR-NI 
Electrode 
[he large mass of information which Mr. Emerson has 
contributed to the welding industry merely suggests the 
great possibilities for welding dissimilar metals. 
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Fig. 1—Hardness Surveys of Welds in 4-6 Cr-Mo Steel 
No Weld Metal Treatment 
1 4-6 Cr-Mo Preheat and Annea 
2 4-6 Cr-Mo None 
3 25-20 Cr-Ni None 
4 19-9 Cr-Ni None 


About six months ago we were called upon to suggest 
a method for welding 4-6 Cr-Mo without preheat or sub- 
sequent anneal. Like the examples Mr. Emerson showed 
of air-hardening steels, when this is done with an elec- 
trode of a similar analysis, the weld metal shows very 
poor ductility. We tried welding this steel with an 
austenitic analysis and found some interesting results. 

Figure | shows the hardness survey of 4-6 Cr-Mo welds 
made by four different procedures. When welded with 
an electrode of similar analysis without preheat or an- 


Fig. 2—Guide Bend Tests and Photomicrographs of Junction of Welds 


Made in 4-6 Cr-Mo Steel 


Left) Welded with 19-9 
Right) Welded with 25-20 


** Metallurgical Engineer, Arcos Corporation, Philadelphia, Pa. 
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Fig. 3—Microstructures Occurring in 4-6 Cr-Mo Welds Made with 
25-20 Cr-Ni Weld Deposit. No Preheat or Anneal 
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neal, there is a hard brittle weld deposit and heat 
affected zone. When this same electrode is used with 
preheat and subsequent anneal, the hardness readings 
show only a slight rise over the weld joint. When we 
use 25-20 or 18-S to weld this steel without preheat or 
anneal, we find a hard zone adjacent to the weld but com- 
paratively low hardness through the weld. The 25-20 
gives a slightly lower hardness in the weld, indicating 
more ductility and greater impact strength. 

The two austenitic welds (Fit. 2) were placed in a 
guide bend jig and both bent 180° without cracking. 
The 25-20 shows greater ductility in the weld than the 
IS-8. 

The microstructures of the 25-20 weld, the junction 
and the plate are shown in Fig. 3. We have three 
different structures: the dendritic austenite weld de 
posit, the air-hardened zone of the steel adjacent to the 
weld, and the annealed plate structure. One might 
question the advisability of placing in a welded structure 
which is built to resist severe conditions three such dif 
ferent metal structures. If a considerable shock is 
placed directly on the hardened portion of the steel, 
failure may occur, but on the other hand, the hardened 


Top) Welded with 4-6 Cr-Mo. Preheat and annea Brok 
strength 65,400 psi 

Middle) Welded with 4-6 Cr-Mo. Preheat and annes!. Broke 
strenath 67,700 os 

Bottom Welded with 25-20. No preheat or ennea Broke in plat Tensile 
strenath 7 60 Ds! 
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band is quite narrow, and on either side is ductile metal 
which will absorb the shock. 

From the tensile test (Fig. 4) of the steel welded with 
25-20 we see that the hardened zone is amply strong, 
since the break occurs in the unaffected plate. This is 
the same strength which was obtained in the two other 
samples welded with 4-6 Cr-Mo with preheat and sub- 
sequent anneal. 

For the past eight months one of the large oil com- 
panies has had an experimental 25-20 weld in a 4-6 
Cr-Mo pipe in service where all other welds which they 
previously tried failed within three or four months. We 
definitely feel from these tests and from the data which 
Mr. Emerson has presented that there is a big future for 
the welding of low alloys with austenitic 25-20 elec- 
trodes where preheat and subsequent anneal is imprac- 
ticable. 


AUTHOR'S REPLY (R. W. EMERSON)tt 


The author is indeed appreciative of the very informa- 
tive discussions presented on the ‘Alloying Effect” in 
metallic arc welding. 

In regard to Mr. Ostrom’s discussion it is certainly 
interesting to note how definitely the chemical analyses 
prove the pronounced effect of dilution when welding 
dissimilar metals. In building up a pad or making a 
butt weld of 19-9 weld metal using a mild steel base 
plate the dilution effect could be overcome more rapidly 
by using 25-20 for the first two or three passes. When 
the analysis of the pad has been built up to 19-9 the 19-9 
electrode could then be used. By using two passes of 
25-20 on each of the kerf surfaces of a butt weld, the 
chrome and nickel should be built up more rapidly, and 
if then welded with 19-9 a deposit of satisfactory chemi- 
cal analysis should be obtained. By using electrodes 
which are high in chrome and nickel for the beads di- 
rectly adjacent to the mild steel the proper analyses 
should be obtained with less deposited metal than when 


tt Welding Engineer, Metallurgical Laboratory, Pittsburgh Piping & 
Equipment Co., Pittsburgh, Pa 


using the lower chrome-nickel electrodes (19-9) through- 
out. 

Mr. Thomas’ example of the welding of 4-6 Cr-Mo 
using austenitic electrodes is one which indicates a con- 
siderable future. Quite obviously a weld deposit having 
good ductility can be obtained when welding nearly al] 
steels, hardenable or otherwise, provided an austenitic 
chrome-nickel electrode is used (25-20 or 25-12 being 
preferred to 18-8). 

If the steel being welded is one which is hardenable, 
the heat-affected zone (parent metal) will be hardened, 
regardless of the electrode used. Whether or not maxi- 
mum hardness in the heat-affected zone is reached de- 
pends on a number of variables which determine the 
cooling rate of this zone. 

As Mr. Thomas has pointed out, the fact that any hard 
constituents which would be present in the heat-affected 
zone are ‘‘cushioned”’ by ductile metal on either side, is 
beneficial. 

In any case, however, as Dr. Kinzel would say ‘‘The 
proof of the pudding is in the eating.” 

The writer is grateful for the discussion presented by 
Dr. Aborn pointing out that martensite is formed in a 
weld made by using an austenitic electrode on a mild 
steel base plate. The photomicrograph shown de- 
finitely points out that, “be it ever so minute,’’ marten- 
site may be present. 

The author, when pointing out that a narrow band of 
martensite was not present, was originally thinking in 
terms of a band that might be detected by visual exami- 
nation (1/3 inch to '/:. inch in width). Actually even 
upon microscopic examination of the samples at hand 
(at 100X and even 300X) no traces of martensite were 
apparent. 

Any minute amount of martensite present such as that 
pointed out by Dr. Aborn does not significantly alter the 
physical properties of the joint. This is also brought 
out by Dr. Kinzel’s statement “Large numbers of such 
welds have been in continued service in France and in 
Germany for several years, and welds of this kind have 
been reported to behave particularly well in ballistic 
tests, which certainly embody the impact factor.” 


RECOVERY OF SILICON IN 


Oxyacetylene Welding Cast Iron 


By P. R. HALL! and R. M. ALLEN 


INTRODUCTION 


HIS experimental work was conducted to determine 
the loss of silicon in depositing cast-iron welding 
rods, and to determine the effect of the loss on the 
properties of the weld metal. A series of rods were 
analyzed for silicon, welds were made from these rods 
and the welds analyzed for silicon. The results from 
* Submitted as a contribution to the Fundamental Research Division, 
Welding Research Committee. 


t Professor, Department of Industrial Engineering, The Pennsylvania State 
College. 


the silicon analyses, together with the analyses for 
sulphur, manganese and phosphorus and Rockwell 
hardness tests, have been tabulated in an attempt to 
establish some correlation which would show the effect 
of silicon on the nature of cast-iron welds. 


EXPERIMENTAL PROCEDURE 


Welding Rods.—Rods were secured from three com- 
mercial firms and additional rods were cast in tiie 
college foundry. Thirteen rods were chosen from 
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those supplied by one of the commercial firms and eight 
rods were used from those supplied by another firm. 

The rods made in the foundry were cast by two meth- 
ods. One group was cast in a vertical position but this 
method gave hard rods, some of which were hollow. 
All hollow rods were discarded. The second group was 
cast horizontally and was very satisfactory. 

The silicon content of the rods which were cast in the 
foundry was raised by the addition of ferrosilicon to the 
ladle of iron when the rods were cast. The silicon con- 
tent was varied from 2.47 per cent to 4.46 per cent. 

Welding Procedure.—A neutral flame was used on an 
injection type torch with a No. 7 tip. The welding 
procedure consisted in depositing a layer of cast iron 
from the rod on a steel plate */). inch thick, 2'/: inch wide 
and 6 in. long. A second layer was then deposited on 
the first layer, followed by a third layer on the first two 
layers. The third layer was at least '/s inch thick, */, 
inch wide and 3inchlong. The metal was first deposited 
in each layer after which the flame was played over the 
surface of the deposit to keep it fluid until the gas 
bubbles and slag floated to the surface. Care was 
taken in depositing the first layer to keep the base plate 
from becoming fluid in order to prevent diffusion of the 
base plate metal into the upper layers of the weld. A 
water-soluble flux containing no silicon was applied on 
the rod only. 

One weld sample was made from each of the com- 
mercial rods, while three weld samples were made from 
each of the domestic rods. 

Chemical Analysis.—The samples were taken from the 
rods by turning the rods in a lathe and catching the 
turnings in marked envelopes. All scale was removed 


from the rods before taking the sample and a complete 
cross section was taken in all cases 

The welds were sampled by carefully cleaning the 
sample of flux and slag and then using a shaper to obtain 
clean metal chips which were analyzed 


rhe sample 
was collected from two cuts each ! 


32 inch deep 

The silicon analyses were made according to the nitro- 
sulphuric acid dehydration procedure. The weighed 
chips were dissolved in the nitro-sulphuric acid, boiled 
to dryness and the salts were dissolved in hydrochloric 
acid. This was filtered on an ashless filter paper, care- 
fully washing the residue with hot, dilute hydrochloric 
acid and hot water. The residue was placed in a plati- 
num crucible and heated in a muffle fan for one-half 
hour at 1000° C. This was weighed and the silica 
volatilized by the addition of sulphuric and hydro- 
fluoric acids and burned again. Finally the crucible 
was weighed, the silica being the difference between this 
weight and the previous weight, from which the percent- 
age of silicon was obtained. 

For the other chemical analyses standard procedures 
as outlined by ‘“‘Sisco’’ in his ‘Analysis of Steel’ were 
used. 

Physical Properties.—The hardnesses of all the rods 
and welds were measured with a Rockwell hardness 
tester, B scale. 

A microscopic examination was made of three rods and 
the welds made from these rods. These rods contained 
about 3'/2% C with 2.47%, 3.36% and 4.46% silicon. 
The results of the examination revealed little difference 
between the microstructure of the rod and the weld, 
either in the etched or unetched condition. 


| Re 


round type commercial rod 
square type commercial rod 
special commercial rod 


rods prepared in the laboratory cupola. 


Fig. 1—Silicon Content of Welding Rods Plotted as a Function of Loss of Silicon During Oxyacetylene Welding 
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TABLE 1. Chemical Analyses of Rods and Welds, and Results of Hardness 


and Machinability Testes. 
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RESULTS 


Chemical Analyses..-From the results of the chemical 
analyses, Table 1, there is evidence that the higher the 
percentage of silicon in the rod the greater the silicon 
loss between the rod and the weld. However, this is 
not a direct correlation but rather a trend (Fig. 1). 
There is an extensive scattering of points but a curve 
drawn through these points would show an increase in 
loss as the silicon content of the rod increased. In 
other words, in the region of low loss there are no high- 
silicon rods, but as the loss increases the silicon content 
of the rods increases. No other correlation could be 
established from the data gathered from the chemical 
analyses for sulphur, manganese and phosphorus. How- 
ever, there was considerable loss of sulphur and slight 
loss of manganese in the majority of welds while phos 
phorus remained unchanged. 

There is a wide variation of the sulphur, phosphorus 
and manganese from one class of rods to another and it 
would, no doubt, have been more satisfactory to have had 
the composition of all the elements, except silicon, 
constant. An effort was made to obtain this condition 
but was unsuccessful. 

Data from Physical Properties Tests —It was deter- 
mined from the hardness tests on both rods and welds 
that the majority of the welds were harder than the 
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on Nature of Weld 
0.49 


FairMachinability, quite « few holes 
Machinable, very 

Mechinable, sound 

Machinable, some holes 


0.49 


0.60 0.60 


Machinable, 
Machinable, 
Machinable, 


some hard spots 
sound 
very sound 


Poor machinability, dome holes 

Poor machinability, quite a few holes 
Poor machinability, hard spots 
Machinable, some holes 

Machinable, some hales 
Fairmachinability, sound 

Fair machinability, some holes 
Machinable, 

Machinable, 

Machinable, 

Machinable, 

Machinable, hard spots 

Machinable, very sound 

Not machinable, some holes 

Not machinable, hard spots 

Not machinable, hard spots 

Very poor machinability 
Very poor wachinability 
Poor machinability, hard 
Very poor machinability, 
Poor machinability, some 
Machinable, hard spots 
Machinable, some holes 
Machinable, very sound 
Machinable, few holes 
Very poor machinability, 
Poor machinability, hard 
Poor machinability, some 
Machinable, very sound 
Machinable, very sound 
Machinable, very sound 
Machinable, some holes 
Machinable, very sound 
Machinable, some holes 
Machinable, few holes 
Machinable, some holes 
Mechinable, few holes 
Not machinable, hard spots throughout 
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original rods. This was expected since the loss of silicon 
and rapid cooling tend to exert a hardening effect. The 
large majority of the welds were machinable but there 
were a few in which the weld was so hard that machining 
was impossible. The non-machinable welds were made 
from the low-silicon-content rods. The rod listed as 
1.17 per cent silicon was easily machined but the weld 
made from this rod was very hard throughout. The 
results of the tests clearly indicate that, when the 
silicon content of the rod is around 2.50 per cent or 
lower, the welds become hard and brittle, and 
unsatisfactory. 


are 


CONCLUSIONS 


No absolute correlation between the silicon content of 
cast-iron welding rods and the welds made from these 
rods was established by these tests, but a trend of 
higher losses of silicon in welds made from higher-silicon- 
content rods has been indicated. The physical proper- 
ties of the welds are affected seriously as the silicon 
content of the rod drops below 2.50 per cent and indica 
tions from the tests are that a range of silicon content 
between 2.75 per cent and 3.50 per cent will give the 
most satisfactory welds. These welds would not be too 
soft and at the same time would not contain hard spots 
and could be machined easily. 
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PILOT TESTS ON COVERED 


By H. J. GODFREY’ and E. H. MOUNT® 


I—INTRODUCTION 


HIS program of weld tests was designed to study 
both the physical characteristics of the deposited 
weld metal and the strengths of various types of 
welded joints made with Grade 10 covered wire elec- 
trodes. The investigation is by no means complete 
since it is primarily a pilot investigation for a more ex- 
tensive program which is to be carried out in the future. 
The investigation included the testing of standard 
all-weld-metal specimens made from sixteen different 
types of covered wire welding electrodes. A number of 
welded joints were also tested and their strengths com- 
pared with those obtained on similar joints fabricated 
with bare wire electrodes as published in the 1931 Report 
of the Structural Steel Welding Committee of the Ameri- 
can Bureau of Welding. 


II—ACKNOWLEDGMENT 
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Reid-Avery Company 

The Champion Rivet Company 

The Lincoln Electric Company 

Una Welding, Inc. 

Westinghouse Electric & Manufacturing Co. 

Wilson Welder and Metals Company, Inc. 


III—TEST SPECIMENS AND METHODS OF TESTING 


A qualified welder was employed to fabricate all the 
test specimens used in this investigation and in every 
case the covered wire welding electrodes were °/% inch 
in diameter. 


* Contribution to the Structural Steel Welding Research Committee 

t Engineer of Tests, Fritz Engineering Laboratory, Lehigh University, 
Bethlehem, Pennsylvania 

+ Formerly AMERICAN WeLDING Society Research Fellow at the Fritz Engi 
neering Laboratory, now with Dravo Corporation, Pittsburgh, Pennsylvania, 


Electrode Welds 


The all-weld tension specimens were made according 
to the A.S.T.M. Standard A205-37T, and were tested in 
a 60,000-Ib. capacity hydraulic testing machine. The 
yield point was determined from automatic stress-strain 
curves which were obtained on all specimens 

The various types of welded joints were made of plain 
carbon steel plate. This plate material was supposed to 
have been of structural grade but coupon tests, as pre 
sented in Table 1, show that many of these plates did not 
develop a tensile strength of 60,000 Ib. per sq. in. and 
in two plates the tensile strength was under 50,000 Ib. 
per sq.in. The welded joints (as shown in Figs. 1-4) 
were made in the horizontal position and tested in 
300,000-Ib. and S800,000-Ib. capacity testing machines. 
An effort was made to determine the actual yielding 
of the weld in the welded joint by measuring the elonga 
tion across the weld. This did not yield any useful 
data since the yielding of the welds was relatively small 
as compared to the yielding of the plates. 

In the fabrication of all specimens the recommended 
type and amount of welding current was used. The 
'/,-inch fillet welds were made in one pass of the electrode 
and the '/.-inch and 


inch sizes were multiple pass 
welds. 


IV—RESULTS OF TESTS ON ALL-WELD-METAL 
SPECIMENS 


The tensile requirements for deposited weld metal 
according to the tentative specifications of the A. S. T. M. 
for Grade 10 electrodes ts as follows 


Tensile Strength 
Lb. per Sq. In 


Per Cent Elongation 
in 2 Inches 


Stress relieved 60,000 95 
Non-stress relieved 60,000 20 


The all-weld-metal specimens tested in this investiga 
tion were not stress-relieved and the results of the tensile 
tests are presented in Table 2. Duplicate specimens of | 
each type of covered wire welding electrode were made. 


Table 1—Physical Properties of Carbon Steel Plate 


Vield Point Ultimate Per Cent 
Size in Stress Stress Elongation 
Inches Lb./Sq. In Lb./Sq. In in 8 In 
1x 62.700 4 
5 x i y 
Rx ! 34.000 59000 284 
AX 33,700 600) 
$x 34,100 55,900 4.2 
5 x ‘ 31M §2.5 38 5 
8 x 3/, 30.700 56 S00 
240, 000 18.600) 4 
30,000 
Rx 1 32,200 62,500 3.2 
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Table 2—Tensile Test on Standard All-Weld-Metal 
Specimens 


Vield 

Point Ultimate 
Stress Stress 

Lb. per Sq. In 

63,250 76,500 
66,000 76,750 
64,100 75,000 
65,000 75,500 
69,500 85,500 
68,250 83,250 


Per Cent 
Yield, 
Ultimate 


Per Cent 
Elongation 
Fracture 
1 gas pocket 
1 gas pocket 
No defects 
1 gas pocket 
6 gas pockets 
6 gas pockets and 

1 slag inclusion 
4 gas pockets 
4 gas pockets and 
1 slag inclusion 
2 gas pockets 

1 gas pocket 
1 gas pocket 
No defects 
1 gas pocket 
2 gas pockets 
3 gas pockets 
No defects 
No defects 
No defects 
2 gas pockets 
1 gas pocket 
1 gas pocket 
2 gas pockets 
2 gas pockets 
No defects 
7 gas pockets and 

2 slag inclusions 
3 gas pockets 
3 gas pockets 
3 gas pockets and 
1 slag inclusion 
6 gas pockets and 
1 slag inclusion 
6 gas pockets 

50% gas pockets 

50% gas pockets 


64,300 
65,500 


77,100 
77,000 


64,000 
63,000 
60,500 
60,500 
63,000 
63,250 
61,000 
60,750 
60,750 
57,000 
61,600 
62,600 
68,750 
68,000 
64,750 
65,000 
63,400 


~ 


co 


Coun 


63,750 
62,000 
61,750 


76,500 
75,750 
74,250 


64,000 76,000 


to 


65,000 
67,000 
67,500 


78,000 
80,000 
78,750 


It should be noted that not only the tensile strengths 
in all cases were above 60,000 Ib. per sq. in. but also the 
yield-point strengths except for one specimen. 

Seven of the electrodes tested did not have the re- 
quired elongation of twenty per cent on a two-inch gage 


——Ave Covered Wire 
--—Ave Bare hire-/93/ 


Kips per linear inch of Weld 
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Weld Size snches 


Fig. 1—Strength of Unsymmetrically Loaded Transverse Fillet Welds 
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length. It is fully realized that the ductility of the de- 
posited weld metal, as measured by the elongation, de- 
pends not only on the electrode but on the method of 
placing the metal by the electric arc process. The num- 
ber of specimens made with each type of electrode does 
not warrant any definite statement as to the qualities 
of the deposited weld metal, except in a few cases where 
the fractures showed many gas pockets and slag in- 
clusions. It should be kept in mind that the welding 
operator was fully qualified and is steadily employed as 
a welder. 

The last column in Table 2 presents the ratio between 
the tensile yield-point stress and the ultimate tensile 
stress for the all-weld-metal specimens. This __per- 
centage varies between 86.9 and 81.4 and should be 
considered as an important characteristic of deposited 
weld metal. The structural engineer is concerned with 
the relationship between the yield point and the ulti- 
mate strength of the material used in steel structures. 
In the Specifications for Steel Railway Bridges of the 
American Railway Engineering Association, steels are 
not considered satisfactory for bridge construction if 
the yield-point strength exceeds seventy per cent of the 
ultimate tensile strength. If these all-weld-metal tests 
are any indication of the physical characteristics of the 
deposited weld metal in a welded joint, consideration 
should be given to this question. E. P. S. Gardner ina 
paper** on the Behavior of Side and End Fillet Welds 
Under Load and Their Ultimate Strengths reports that 
the ratio of yield to maximum stress averages from 82 to 
89 per cent for end fillet welds, and 77 to 83 per cent for 
side fillet welds. 

Since welding has been established as a satisfactory 
method of steel construction, it is possible that the 
above A.R.E.A. specification is not warranted. 


** The Institute of Welding, Vol. 2, January 1939, No. 1. 
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Fig. 2—Strength of Symmetrically Loaded Transverse Fillet Welds 
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4b 
75,000 
oa 5 250 
5b 72,250 
ie. 6a 72,750 
6b 76,000 
7a 76,000 
Sa 73,250 
8b 72'750 
Ya 66,700 
9b 71/900 
104 72,100 
106 79,750 
lla 79,500 
11 78,250 
12a 78,250 
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l5a 
16a 
166 
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Table 3—Ultimate Strength of Welded Joints—Pounds per 
Linear Inch ae 


Fig. 3—Strength of Symmetrically Loaded Longitudinal Fillet Welds 


Series 
1000 


1900 


2300 


2700 


Ave. 


Ave. 


In. 
10,500 
11,870 
11,000 


11,120 


14,230 
13,130 
13,900 


13,750 
9,550 
9,750 
9,130 


9,475 
11,750 


Weld Size 
1/, In. 
18,960 
18,440 
16,620 


18,000 
25,300 
28,200 
26,400 


26,630 
19,400 
18,900 
18,900 


19,070 


3/, In. 
28,040 
28,000 
26,750 


27,600 


40,400 
41,100 
40,300 


40,600 


24,200 
25,100 
25,600 


24,970 


12,080 
11,000 


Ave. 11,600 
3000 31,340 
32,600 
35,500 


Ave. 33,110 
11,354 
10,150 
11,240 


6300 


Ave. 10,900 


V—RESULTS OF TESTS ON WELDED JOINTS 


The types of joints included in this investigation are 
presented in Figs. 1, 2, 3 and 4, together with a graphical 
presentation of the test results. The average results of 
similar tests made with bare wire electrodes as reported 
in the 1931 Report of the Structural Steel Welding Com- 
mittee are also presented on these same graphs. The 
ultimate strength of the covered wire electrode welded 
joints are also shown in Table 3. All the welded joints 
were made in the horizontal position. Due to the 
limitations of this pilot investigation only one type of 
electrode was used in the fabrication of these joints. 
The electrode used was No. 12in Table 2. This electrode 
had both high strength and good ductility. 

Series 1000.—The welded joints (Fig. 1) in this series 
of tests were unsymmetrical in form and the welds were 
transverse to the load axis of the specimen. Due to the 
eccentricity of the load, the specimens became distorted 
as the load was applied and considerable bending took 
place in the fillet welds. The welds were thus subjected 
to a combination of shear and bending stresses. At the 
ultimate load the welds sheared off. The average 
strengths of the '/,-inch fillet welds in this series of tests 
show an increase of about 48 per cent over the average 
strengths of the bare wire welds; 31 per cent increase 
for the '/,-inch welds and 47 per cent for the */,-inch 
welds. 

Series 1900.—The welded joints in this series of tests 
were symmetrical with transverse fillet welds; '/,, '/: and 
*/,inch in size. The results of these tests are presented 
in Fig. 2 and Table 3. The joints failed at the ultimate 
load by the shearing of the fillet welds. The average in- 
Crease in strength of these welds over the bare wire 
welds is as follows: 45 per cent for '/,inch welds, 46 
per cent for '/;-inch welds and 62 per cent for the */,- 
inch welds. It should also be noted that these sym- 
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Fig. 4—Types of Specimens Used in Series 2700, 3000 and 6300 
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metrical welds in Series 1900 were considerably stronger 
than the unsymmetrical welds in Series 1000. The 
difference was more apparent in the '/,- and */,-inch 
welds. 

Series 2300.—The specimens in this group as shown 
in Fig. 3 are symmetrical in form and the fillet welds 
are in the longitudinal direction with the load axis of the 
joint. The strengths per linear inch of weld are pre- 
sented in Table 3. The relative increase in strength of 
these longitudinal welds over the bare wire welds was 
considerably less than that of Series 1000 and 1900, 
where the welds are in the transverse position. The 
actual average increase in strength over the bare wire 
tests for Series 2300 is about 22 per cent for '/s-inch 
and '/»-inch welds and 18 per cent for */;-inch welds. 
The reason for the relatively small increase in strength 
over the bare wire welds is probably due to the unfavor- 
able stress distribution in the longitudinal welds. Ap- 
parently the increase in ductility of the covered wire 
electrodes is not sufficient to distribute the stress uni- 
formly throughout the longitudinal welds even though 
the length of these welds was only two inches. In com- 
parison with the transverse symmetrical welds in Series 
1900 the strength of the longitudinal welds was rela- 
tively low. In all cases the joints failed in the welds 
by she ‘aring through the minimum section of the weld 
throat. 

Sertes 2700, 3000, 6300.—In each of these three series 
of tests only one weld size was investigated. The types 
of joints are shown i in Fig. 4 and the results of tests pre- 
sented in Table ‘ 

Series 2700 lactated three welded joints with !/,-inch 
fillet welds in both the longitudinal and transverse di- 
rection. These specimens all failed by the shearing of 
the welds. The ultimate load per linear inch of weld 
for this joint was 11,600 Ib. This value compares very 
well with the average strength of the '/,-inch welds in 
Series 1900 and 2300. The average strength for these 
two series was 11,610 Ib. per linear inch. 

Series 3000 included three single-V  butt-welded 
joints made of '/. by 4-inch plate as shown in Fig. 4. The 
first specimen tested failed outside the weld at an ulti- 
mate stress of 62,600 Ib. per sq. in. The next two speci- 
mens were machined down at the weld in order to get the 
fracture to take place in the weld. However, in both 
cases the fracture occurred in the plate just outside the 
weld. The load per linear inch developed by these butt 
welds are presented in Table 3. It should be noted 
that the ultimate stress increased as the net section 
across the weld was reduced. 

The type of specimen in Series 6300 is shown in Fig. 4 
and was made with '/,-in. fillet welds. The average 
strength per linear inch was 10,900 Ib. for this series. 
This is somewhat below that of the transverse welds in 
Series 1900, where the strength was 13,750 Ib. per linear 
inch. The difference in the strength developed by 
these two types of joints may be due to the rigidity of 
the center plate in the 6300 series. This rigidity would 
possibly account for a non-uniform stress distribution 
across the transverse welds. 


SUMMARY 


In Table 4 a complete summary of the maximum 
stresses developed on the minimum throat section of 
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Table 4—Summary of Test Results 
ULTIMATE STRENGTH OF WELDS—POUNDS PER SQUARE INcH 


Weld Ultimate Strength Length of 
Bar B BarC Size Lb. per Sq. In. Weld in 


Series In. In. In. on Throat Inches 
L000 1/, 62,900 4 
1/, 1/, 50,900 4 
3/, 52,000 4 
1900 5/16 5/, 1/, 77,600 4 
1 a 75,100 4 
3/4 1 3/, 76,600 4 
2300 5/16 53,500 2 
3/, 1/, 53,900 2 
3/4 1 3/4 47,100 2 

2700 3/, l 65,500 4&2 
3000 1/, 62,680 4 
1/, 65,200 3 

71,000 
6300 3/, 1/, 61,600 4 


the welds is presented. In all specimens except for the 
single-V butt welds the fracture of the welded joint took 
place by the shearing of the fillet weld. The shearing 
plane at failure occurred on the minimum area of the 
throat of the weld for the longitudinal welds only. The 
transverse welds fractured by shearing on a section be 
tween the 45° plane and a plane parallel to the load axis 
of the specimen. This is probably one reason why the 
longitudinal welds in Series 2300 developed lower 
strengths than the transverse welds in Series 1900. 

The maximum strength as computed on the minimum 
throat section of the welds for the symmetrical speci- 
mens in Series 1900 and 2300 showed a good agreement 
between the various sizes of welds ranging from 1/, to 
inch. 

Series 1000 which included the unsymmetrical speci- 
mens, shows that the maximum stress developed was 
considerably greater ou the '/,-inch welds than on the 
1/,- and */,-inch welds. This is possibly due to the 
greater eccentricity in the larger size welds. 

Series 2700, in which the welded joints were made 
up of both longitudinal and transverse '/,-inch welds, 
developed an ultimate strength of 65,500 Ib. per sq. in. 
which is equal to the average strength of the '/,-inch 
welds in Series 1900 and 2300. 

It was found impossible to have the fracture take place 
in the '/,-inch single-V butt welds even though the base 
material had a tensile strength of 62,700 Ib. per sq. in. 
It should be noted, however, that the maximum stress 
on the net section at the weld i increased as the cross-sec- 
tion at the weld was reduced by machining the edges of 
the butt joints at the weld section. 

The maximum stresses developed in the T-joints in 
Series 6200 were considerably less than the transverse 
welds in the 1900 series. As previously pointed out, 
the rigidity of the center plate possibly prevented a 
more favorable distribution of stress across the trans 
verse welds. 

The results of this pilot test on fillet and butt-welded 
joints are relatively few and limited in their interpreta 
tion. The strengths developed by these welds made from 
covered wire electrodes may however, be used in the 
formulation of a more complete investigation on the 
strengths of welds. 
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WELDED RAIL FOR MINE 


By G. P. BOOMSLITERt 
and C. H. CATHER? 


HE project here discussed, while being concerned 

in its elements with questions of fundamental 

research, is an attempt at a correct solution of a 
problem of practical significance. 

Welds in haulage way rails eliminate the troublesome 
problem of voltage drops and line losses always present 
with bonded rail. Twenty-one tests across welded 
rail showed that the voltage drop across the weld was 
no more and sometimes less than on the rail proper. 
The data below for one of these tests are typical: 


Length Amperes of Voltage Average Voltage 
Tested Current Drop Drop per Inch 
5 inches 100 0.001817 0. 0003634 

10 inches 100 0.003718 0.0003718 


It is usual to assume the drop across a bond as not more 
than that in 10 ft. of rail. The advantage of the weld 
is obvious in reducing the voltage drop. 

But there are other advantages. Studies at the 
Hanna Coal Company's mines show only 35% of the 
track maintenance on welded track, as is performed on 
spliced and bonded track. The track is smoother, 
thus eliminating spillage and reducing repairs on loco- 
motives and rolling stock and the rail does not get out 
of alignment. Higher speeds are also possible for trains 
of coal cars. 

As a consequence of this, many mines are experiment- 
ing with welded rails. Some used thermit welds, some 
manganese bronze gas welds, some weld the splice bars 
to the rail, some use the electric arc. 

The present project is an attempt to find the most 
economical weld for general use. Thus far about 40 
welds have been tested in direct bending. The present 


* Progress report of tests of various types of welds in mine rails. 
bution to the Fundamental Research Division. 
+t West Virginia University. 
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Fig. 2—Comparative Strengths of Welded Rail Joints 


report is a progress report as it is intended later to test 
the better joints by repeated stress and also make some 
studies on the effect of reheating and to dey 
method for doing so in the mine. 

The stock for these welds consisted of 24 sections of 
60-Ib. rail 30 in. long, and a 6-ft. control rail, kindly 
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furnished by the Bethlehem Steel Company. Analysis 
showed 0.57 and 0.58% carbon and 0.77% manganese 
for two separate analyses. Beside these, a few speci- 
mens were made up of stock obtained from neighboring 
mines and several mines sent in welds to be tested. 

Observations and tests have shown that the rapid 
cooling of a weld after welding gives rise to a brittle 
(martensic) zone which, though not wide, affects the 
strength and ductility of the weld. Preheating and 
reheating after welding will mitigate the effect of em- 
brittlement but such processes would be difficult and 
expensive under ground. Welding rods of several differ- 
ent types were used in order, if possible, to modify the 
brittle zone. 

Beside making the ordinary butt weld, veed for the 
deposition of weld metal, the following variations were 
tried out: (a) A bottom plate of soft steel was added in 
order to add ductile material to the base; (b) a gap of 
one-half inch was left between abutting rails and this 
was filled in with weld metal instead of veeing the sur- 
faces to be welded; (c) the rail stems or webs were left 


unwelded, thus eliminating the most difficult weld with- 
out appreciably affecting the section modulus of the 
cross section. Figure 1 shows the types of weld made. 
Sketch A shows base, ball and web veed on one side. 
The plate was added to some of the test specimens, 
Sketch C shows no vees but a one-half inch gap for the 
insertion of the welding rod. Sketch CO is similar 
but shows no weld in the web. 


THE WELDING RODS 


The following table shows the properties of some of 
the welding rods used. Except for the manganese 
bronze rods they were all coated. 


Tensile Yield Elastic 
Rod Strength Point Limit Elongation 
Designation (Thousands of Pounds per Sq. In.) (in per In.) 
75 55-60 25-30 0.20 
85-100 60-70 45 0.15-0.20 
95-105 


RESULTS OF TESTS 


The 30-inch rail sections were butt welded and then 
broken as simple beams of 4 ft. 6 in. span with the load 
applied at the center of span (on the weld). After 
breaking, the outer ends were again butt welded and 
broken. The first series was welded by the welding 
instructor at the university, the second by an expert 
welder furnished by the Air Reduction Co. Four 12- 
inch beams were also made. These were tested to find the 
effect of high shearing stresses on welds with no web 
weld as compared with similar welds with the web welded. 
Two gas welds with steel welding rods were made with 
70-Ib. used rail obtained from near-by mines. 

The vees in the first set of welds had an angle of about 
90°; those in the second set had an angle of about 60°. 


> 
CRYSTALLINE ZONE —~ 


Fig. 5—Complete Panorama from Weld to Unaffected Stock. Arc Welded with ‘‘B’’ Rods. Etch 2% Nital. Magn. 100 X. Photo by O. E. Brown 
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Fig. 6—Cast Structure of Bronze-Welding. Layer Effect in Stock Parallel 
to Surface of Rail and Due to Work on Rail When It Was Used. Etched in 
Acid Ferric Chloride 


Fig. 8 Weld with No. 85 Rod. Junction of Weld and Rail. 
Rail Structure Not Greatly Altered. Etched in 2% Nital 


Note 


Four welds were sent in by the Raleigh Coal and Coke 
Co. in which the ball was veed before welding and flange 
plates were then welded to the rail as weld splice plates. 
Tables 1 and 2 show the results of tests. In these 
the weld number indicates the type of weld; the number 
indicates the type of welding rod, P indicates a bottom 
plate, C indicates no veeing as shown in Sketch C of 


Fig. 1. O indicates an open web as in Sketch CO of 
Fig.1. Thus Weld No. 7 PCO indicates a No. 7 welding 


rod, a bottom plate, no vees and an open web. Figure 
2 shows graphically the data shown in Tables 1 and 2. 

A study of these tables shows that the addition of a 
base plate added an average of 20% to the strength of 
the joint, and that welding the web as against leaving 
it open added less than 1% to the strength. 

Rail heads of each type of joint were ground and 
polished and Rockwell hardness tests were made both 
in the weld metal and in the parent metal as closely 
together as was feasible. Several lines of test readings 
were taken on each head. Figures 3 and 4 are a graphical 
record of these readings. There was no indication of a 
hard martensitic zone in any of the readings. Figure 5 
is a panoramic micrograph (100) showing the transi- 
tion from a fine grained material near the weld through 
a martensic zone to the normal structure of the rail. 
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Fig. 718-8 Weld. Large Grains in Weld 


Chloride 


Etched in Acid Ferric 


Fig. 9—Weld with No. 7 Rod. 
pper Portion. 


Junction of Weld and Rail. 
Etched in 2% Nital 


Weld 


Fig. 10—Weld with Stain Weld "*B"’ 25-12 Rod 
and Rail Etched to Show the Welding of Metal 


Junction of Weld Metal 
Only the Rail Stock 


Etched in the 2% Nital. Magn. 1000 X. 
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Fig. 1l—View of Break When Base Plate Is Used on Bottom of Rail. 
Note That Break Does Not Reach the Weld 


with Manganese-Bronze Rods by the Oxyacetylene Process 


Fig. 13 (Bottom)—Cross Section of Breaks in Rails Welded by the Arc- 
Welding Process with Bottom Plates 


The welding rod was 18-8. Figures 6 to 10 are photo- 
micrographs of the parent metal for the other rods used. 
Figure 1! is a typical break of a weld with a plate on 
the bottom showing that the welded zone is not affected 
by the break. Figures 12 and 13 show typical breaks; 
the first when gas welding was used with manganese 
bronze rods, the second the cross section of rail outside 
the weld when bottom plates were used. 


Fig. 12 (Center)—View  neceg | Cross Sections of Broken Rails Welded 
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Table 1—Rail Weld Test 

Se 

Modulus of 
Breaking (First Series) Rupture 


Load I/C of Lb. per S, as Per Cent 
Weld No. Lb. Rail Sq. In. of Solid Rail 
25-12 40,840 6.62 83,300 55.2 
25-12 P 50,200 6.62 102,200 67.6 
7 34,070 6.62 69,600 46.1 
41,900 6.62 85,500 56.6 
35,950 6.62 73,400 49.6 
7 PC 50,000 6.62 102,000 67.5 
7 PCO 45,570 6.62 95,300 63.2 
18-8 30,200 6.62 61,700 40.8 
8&5 32,000 6.62 65,300 43.3 
85 P 46,000 6.62 94,000 62.3 
A 22 23,000 6.62 46,900 31.1 
A22P 26,730 6.62 54,600 36.2 
Plain rail 74,000 6.62 151,000 100.0 
X 25 9,970 Eve 76,000 
X F 25 13,870 Live 105,600 
X F 50a 25,660 5.01 69,200 
X F 50b 20,860 5.01 59,000 


Notes: 
Numbers refer to type of weld rod. 
P indicates a plate on the bottom. 
C refers to Sketch C; i.e., no vee in rail. 
CO refers to Sketch CO; i.e., no weld in web. 
X 25 is a 25-lb. rail of the Raleigh Coal & Coke Co. 
X F 25 indicates flange plates are welded to rail. 
X F 50 is a 50-lb. rail with welded flange plates. 


Table 2—Rail Weld Tests 
(Second Series) 
4 ft. 6 in. span except as noted 


Modulus 
Breaking of Rupture 
Load I/C of « Lb. per Sy as Per Cent 
Weld No. Lb. Rail Sq. In. of Solid Rail 
78 50,680 6.62 103,200 68.4 
78 P 58,650 6.62 119,400 79.2 
48,720 6.62 99,300 65.8 
Po 54,000 6.62 110,000 73.0 
78 PCO 58,920 6.62 120,400 80.0 
7 PC* 221,930 6.62 83,900 55.6 
PCO* 250,700 6.62 94,700 62.7 
78 PC* 263,870 6.62 100,000 66.2 
78 PCO* 222,400 6.62 84,000 55.6 
85 C 57,000 6.62 116,200 77.0 
85 PC 49,950 6.62 102,000 67.7 
18-8 P 42,400 6.62 86,400 57.3 
25-12 P 48,750 6.62 99,500 66.0 
A 22 26,200 6.62 53,500 35.4 
A 22 P 33,890 6.62 69,200 45.8 
A 22 PC 44,550 8.19° 73,500 48.8 
46,500 8.19° 76,600 50.7 
6 PGV 54,300 8.19° 89,400 59.2 
Thermit 52,000 6.62 106,000 70.7 


* Tested as a beam of 12-in. span. 
° 70-lb. old rail. 


Further work to be done includes fatigue tests of the 
most favorable welds, investigation of reheating on the 
structure of the parent metal and a study of methods to 
reheat economically and satisfactorily in the mine 
haulage way. 
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THE FUNDAMENTAL NATURE 


of Welding 


Heating and Melting Effects of the Electric Current; Transition Structures with 
Their Physical Properties and Modes of Formation, in Spot and Resistance 


Welding. 


Identity of These Structures with Fire-Pressure Welds 


By DONALD E. BABCOCK' 


N THE interests of interpretation of the nature of the 
phenomena occurring together in welding operations 
of various kinds, some thought should be directed 

toward understanding the fundamental nature of the 
polycrystalline matrix which is to be welded. The na- 
ture of this structure is controlled by equilibrium 
phenomena and the laws governing them. Time, dif- 
fusion kinetics and certain physical properties, such as 
the electrical and thermal conductivities, also influence 
the results obtained by various electric welding proc- 
esses and should be considered thoroughly. . 

Any melted metal, if allowed to cool, will crystallize 
or freeze. The freezing process involves the separation 
of a relatively pure metallic phase or solid solution from 
a liquid saturated with respect to that phase. In such 
a change, wherein a new phase is formed, an interface 
is produced at the phase boundaries which may be des- 
ignated as the liquid solid interface. At this interface 
crystal growth may occur by the accumulation on this 
surface of atoms or crystal groups which are the natural 
residents of the lattice of the crystal being formed or by 
replacing those atoms with others of such a size and elec- 
tronic configuration as may permit their occupying the 
spaces in the lattice, thus forming a solid solution. At 
this surface still two other conditions may arise, one 
the accumulation of only surface soluble groups, one end 
of which is soluble in the crystal lattice while the other 
end is insoluble; and, second, the condition of adsorption, 
not necessarily involving surface solubility, which is 
commonly referred to as ‘‘sorption.” 

This second condition is known in crystal chemistry 
to have the ability to limit the size to which a crystal 
can grow. It may definitely change the normal crystal 
habit if the growth rate of certain crystal faces is re- 
stricted by adsorption of these surface active materials 
on these particular crystal planes. If such a process 
continues until the completion of crystallization is at- 
tained, the solids so produced will show evidence of 
these effects and at the surface of these crystals will be 
found the materials which behave in the manner so de- 
scribed. When two crystals freeze toward each other to 
establish a single grain boundary, the grain boundary 
surfaces will be saturated with respect to each com- 
ponent in the system able to saturate the eutectic de 
veloped at the grain boundary. 

Such a process by its action produces an intergranular 
Structure of different physical and chemical properties 


* Contribution to the Fundamental Research Division 
t Mellon Institute of Industrial Research, Pittsburgh, Pa. 


than the main body of the crystalline matrix. For pur 
poses of illustration, one might define iron as ‘‘a sus 
pension of ferrite crystals of variable compositions in a 
matrix of its own impurities,” and in so doing would 
bring about a clearer understanding of some of the unique 
and inherent properties of such a metal. Other metallic 
systems could well be defined in a similar way. The 
effects produced as a result of this inherent nature of 
polycrystalline metallic systems should be in evidence 
in any of the operations of a physical or chemical nature 
carried out on a polycrystalline body so formed. 

Among the observed effects of this intercrystalline 
material on the physical properties, is its influence 
on the electrical conductivity of the matrix. Small 
amounts of material in the form of these impurities ap 
preciably increase the resistance of the metals to the 
flow of the electric current. In general, metals in their 
main metallic body are very highly conductive. Their 
intercrystalline material, however, is of a mixed metallic 
and non-metallic nature and rather highly resistant to 
the flow of electric currents applied to them 

Beside the fact that intercrystalline films increase the 
resistance of a metal, let us accord attention to the effect 
produced by the current passing through the metal and 
the subsequent production of heat within the metal 
matrix. 


THE NATURE OF CURRENT HEATING EFFECTS 


It is natural that when a current of electricity passes 
through a metal it should traverse both the structure of 
the grain as well as the grain boundaries. The heating 
effect at any point in the system is dependent on the 
power dissipated at that point. If the heating effect at 
the point is AQ, the value of AQ may be expressed as 
follows: 

J( AE) 
AQ = AR J( AI)*( AR (1) 
If J is taken as the factor for the heating effect of the 
current, AF is the potential drop across the space ele 
ment heated, and AR is the resistance of that element 
If we consider the elevation in temperature in a particu 
lar volume element Al, it may be described as follows 
AQ 


where A7 is the increment of temperature elevation, 
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AQ the total heat dissipated within the volume element 
AV, while C and D are the heat capacity in calories per 
gram per degree and the density in grams per cubic 
centimeter, respectively. By the substitution for AQ 
its equivalent in terms of the electrical energy dissipated, 
the following expression is obtained: 

AT = J(AE)*?/(AR) _ J( AD)*( AR) 

€DAV. CDAV 

Consider for a moment the nature of the polycrystalline 
space element with which we deal, and we observe that 
it has the properties of a series circuit. The current 
enters the grain by traversing the grain boundary, passes 


(3) 


through the grain and leaves by passing out through a 
grain boundary. The magnitude of the energy loss at 
these two places is manifestly different. Such a series 
circuit is as drawn: 


AR. > AR, (4) 


where J,, is the current passing through the particular 
volume element of the circuit, R, the resistance of the 
path attributable to the crystal grain, and RK, the re- 
sistance of the circuit caused by the boundary of the 
crystal. These two heating effects may be described in 
combination as follows: 


Fig. 5 
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and by division of AT, by AT,: 


AT, _ J(AD*(AR,) (C.D.AV.) 


AT. ~ ~ 7) (6) 


which is equal to or greater than one. Equation 6 gives 
a relation for the relative heating rates of the crystal 
with respect to its boundary wherein the boundary is 
found to heat faster than the crystal proper. The 
boundary must then be the first point of attack during 
the electrical heating and melting of the metal matrix 
during the formation of a weld. The value of expression 
(6) is greater than one and this is ascribable to the nature 
of the components affecting the heat development. 
This expression should describe the generalized condi- 
tion and be independent of the types of bonding within 
the metal matrix. 

To make the foregoing discussion mathematically 
precise one would have to introduce corrections for the 
changes in heat capacity and resistance with temperature 
and for heat dissipation by conduction. At the higher 
temperatures where melting is in process, however, the 
effect of the current is not so much the elevation of 
temperature as it is the production of increased amounts 
of the liquid phases with but small changes in tempera- 
tures with the grain boundary areas being attacked most 
rapidly. As the main value of these interpretations was 
in the region of the melting points of the intergranular 
films, this calculation was not attempted. 

It is well to consider the peculiar effects that would be 
produced by the heating and melting of such systems as 
have been discussed with due regard to the kinds of 
liquids that would be developed during such melting, 
the points of highest temperature development and the 
nature of the system produced after freezing or the crys- 
tallization of the system so developed without time 
for the re-establishment of the original equilibrium con- 
ditions. 

A previous paper by the writer! gave a detailed dis- 
cussion concerning the melting phenomena and the 
effects of the limiting restrictions imposed by equilibrium 
conditions of known values. It has been pointed out 
in this paper that the point of highest energy dissipation 
is at the crystal boundaries and that this point is also 
the point of maximum impurities and lowest melting 
temperature. When these conditions exist, welding 
operations such as spot, flash or other resistance welding 
will cause these grain boundary eutectics to sweat out 
of the structures during the progress of the weld forma- 
tion. These liquids will be richer in carbon and im- 
purities of low solubilities in both austenite and delta 
iron. 


J( AD)*( AR,) 
CD.AV, 


AT, = 


and A7, = 


(5) 


TRANSITION STRUCTURES AND METHOD OF WELD 
FORMATION 


In order to make a study of the mechanism of weld 
formation and the transitions occurring during weld 
development, it was necessary to obtain a complete 
series of all the types of structures produced during the 
welding operations. These structures were those ob- 
served to be found in occurrence only on the welding 
surfaces. This set of photomicrographs was collected 
after studying all the various types of transitions noted 
in the welds observed and have been assembled for pres- 
entation in the series following. All plates were taken 


E. Babcock, Taz Journat, 18, 477 (1939). 


at 48X magnifications from the fracture surfaces of 
electric welds made from clean S.A.E. 1020 steel and 
show the types of structures observed. 

Figure | illustrates a group of three distinct and char 
acteristic weld structures. The upper portion was a 
black area, partially oxidized and completely unwelded. 
In the center of the plate may be observed an area of 
fine gray structure, at the borders of which is found a 
strongly crystalline structure wherein the weld has 
been fully developed. The bright shiny crystalline 
structure is composed of rather coarse crystals whose 
shiny facets may be seen and observed to be cross- 
crystalline ruptures. In all photomicrographic and 
binocular microscopical studies of weld structures, it was 
noted that in the lateral margins of the unwelded areas 
the fine gray structures invariably appeared. Such 
common or frequent occurrence led to the conclusion 
that the formation of the fine gray structures was the 
first of the transition phases developed during the weld- 
ing operations. The coarser crystalline structures were 
developed later. 

In a previous paper! it was indicated that the first 
phase of melting during welding involved the sweating 
out of the carbide-rich liquids from the main metal 
matrix. Close examination of these fine gray areas has 
demonstrated that these areas are carbide rich. Their 
fineness of structures which gives them their dull gray 
appearance suggests the crystallization of nearly a 
eutectoid composition. They corrode more readily in air 
and react like high carbon steels in acids; microchemical 
color carbon tests show the higher content than the main 
body of the steel. When welds were made in the higher 
carbon steels, the amount of this structure increased 
proportionately. 

A second plate, Fig. 2, was takén of an area over which 
these carbide-rich liquids had flowed and spread when 
extruded under pressure during melting and welding. 
In the lateral portion of this area again the coarse crys 
talline structures were observed. 

Figure 3 also shows these carbide-rich liquid wetting 
effects in the fine gray areas. With this condition may 
be found developing an intermediate transition struc- 
ture which is of a silvery bright appearance and not 
typically coarse and crystalline in structure type. Fine 
and somewhat shiny crystallites have been observed to be 
developing or beginning to develop in some portions of the 
fine gray structures previously described and shown in 
Figs. 1 and 2. 

In Fig. 3 these structures may be observed to form a 
distinct transition phase between the fine gray struc- 
tures and the coarser crystalline structures previously 
referred to in Fig. 1. 

One may observe in Fig. 4 the rather complete develop 
ment of this typically shiny crystalline structure in 
nearly pure form. Figure 5 also reveals the same type 
of bright shiny structures. These structures have one 
peculiar characteristic which is readily observable in 
their fractures, which do not show cross-crystalline rup- 
tures. They result from the intercrystalline breakage 
of the weld areas. The fractures in these instances de- 
velop at the grain boundaries and travel along these 
boundaries, leaving a surface of a cupped and peaked ap- 
pearance, and these surfaces tend to show rather char- 
acteristically crystalline habits and outlines. Cross- 
crystalline fracture facets are not developed in these 
structures. 

The last of the typical structures observed in the for- 
mation of welds is shown in Fig. VI, which was taken of 
an area leaving a typical bright, shiny, coarse-grained 
cross-crystalline fracture structure. The crystals formed 
here were the largest noted in any of the weld structures 
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examined. Where the fractures passed through the 
crystals, it was readily observed in the type of fractures 
produced, for the smooth shiny crystal facets were readily 
observed. Under reflected polarized light there was seen 
a tendency toward grain orientation in particular direc- 
tions. The welding in this structure is complete because 
the underlying crystal structures are being pulled out 
by the fracturing of the weld zone. In the gray areas 
at times it has been observed that the welded bond in 
some points is sufficiently strong to be able to pull out 
of the underlying structures large crystal groups, but 
this condition is not commonly the case. 

Figures 7, 8 and 9 show clearly the transition areas of 
rather mixed structure, with the mixed transitions from 
pure fine gray areas to the final coarse-grained crystalline 
structures previously described. The general tendency 
of these transformations is to proceed from very fine 
to coarser grains with somewhat varying fracture types. 

To generalize more fully on these observations, the 
typical sequence of the formation of transition structures 
is as follows: 

Structure Number Characteristics 
0 Unwelded portions may or may not 
be oxidized 
Generally rather smooth 


l Fine gray structure and dull 

2 Fine shiny transition structures 

3 Bright shiny silvery fractures de- 
veloping along the grain bound- 
aries 

4 Coarse-grain, shiny, cross-crystal- 


line fractures. 


In spot and resistance welding where these transition 
structures can readily be observed by making welds 
with extremely short-time heating cycles of '/2 to 1 
cycle, it has been noted that the structures were found 
to occur in the welds in the order listed above and were 
similarly associated. For example, welds were found 
which had structures 


0-1-2, 1-2-3-4 and 2-3-4, 


but welds with only the following structures were not 
observed : 


0-3-4, 0-1-4, 1-3-4, ete. 


Where any one weld structure of higher structure number 
was found, it was usually surrounded or adjacent to one 
of the next lower number and not in direct contact nor 
adjacent to a structure’ two nufmbers removed as illus- 
trated. These separations were present to a greater or 
lesser degree depending on the welding conditions. They 
were found to be markedly exaggerated by variation in 
contact heating, heating time, surface contours and 
localized higher pressures. As the surfaces of contact 
became more uniform, the lines of demarcation became 
more distinct. 


PHYSICAL PROPERTIES OF WELD STRUCTURES 


In general, it has been observed that the welds which 
are predominantly of fine gray structure have low im 
pact values. These welds are usually brittle. The, 
may at times show rather high strengths if uniformly 
loaded. They are without ductility and the ductility 
that may be shown in testing is attributed to the un 
affected metallic body of the test-piece and not to the 
welded areas. The structures of Figs. 1 and 2 are of 
this type, and Fig. 3 shows the first transition awa) 
from this structure though it is still of the non-ductil 
type. 

The next step in this transition is shown in Figs. 4 and 
5. Though having some ductility, they do not com 
pare with that developed in the structures shown in Fig 
6. Figure 4 is of special interest in that it illustrates a 
microscopical blow-hole in the left and nearly central 
portion of the plate which extends some distance toward 
the top of the picture. Under the conditions which 
brought about the formation of this structure, the heat 
of the welding was high enough and the structure su! 
ficiently soft and mushy that the pressure of the reaction 
between the inclusions and the carbide-rich liquid seg 
regates could bring about this miniature eruption 
In the presence of titanium nitrides this reaction is 
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marked and very interesting. In some instances the 
carbide-rich liquids, if cooled under particular condi- 
tions, appear to leave the grains surrounded with very 
brittle boundary structures which are like those found 
in Figs. 4 and 5. 

Figure 6 shows a weld which is fully developed. These 
structures have the greatest ultimate strengths and the 
highest ductilities and impact strengths of all welds. 
[hey can be cold worked and treated generally in man- 
ners similar to the original metal itself. They have one 
limitation, however, and that is that they are of lower 
carbon contents than their parent structures, with other 
alloy contents being generally the same. 

These observations would not be complete if they 


Effect of Rest on Fatigue 
Behavior 


By K. DAEVES, E. GEROLD and E. H. SCHULZ 


T IS a rule in the maintenance of cable ways that 
the more frequently loads are placed on the cable- 
way, the fewer loads the cable will withstand before 

fatigue failure. Experiments performed recently’ and 
in 1922* confirm the rule. Miiller-Stock found that inter- 
spersing cycles of stress below the endurance limit 
between cycles above the endurance limit increased 
the number of cycles at the higher stress that the specimen 
could withstand before fracture. In 1922 it was shown 
that number of blows to fracture (no specimen withstood 
over 9000 blows) in repeated impact tests of steel con- 
taining 0.32 C, 0.99 Mn, 0.06 Si, 0.08 P, 0.03 S might be 
increased 60° or decreased 15% by several rest periods 
of '/, to 3 days duration, depending on test condi- 
tions. 

Two series of tests confirm the belief that rest periods 
increase the number of cycles that a specimen can with- 
stand before failure at a stress considerably above the 
endurance limit. In the first series, Table 1, specimens 
of three patented and cold drawn wires were tested in the 
Schenck rotating beam machine. Although it was only 
to be expected that there would be considerable scatter 
among the results, it is clear that rest periods raise the 
number of cycles to failure at a stress considerably 
above the endurance limit, and that the increase is 
greater the more numerous and the longer are the rest 
periods. It was found that coarse ferrite-pearlite 
Structure, or decarburization, or hypo-eutectoid ferrite 
accentuates the effect of rest. 

In the second series of tests specimens 0.30 inch 
diameter of a steel containing 0.06 C, 0.01 Si, 0.50 Mn 
‘yield strength = 24,000-25,000 Ib. /in.’, tensile strength 
= 34,000 Ib./in.*, reduction in area = 73°, rotating 
beam endurance limit = 32,700 Ib./in.?) were tested in 
the Schenck rotating beam tester at a stress of + 42,700 
lb./in.?, Table 2. The rest periods at 140° C. increase 

Abstract of “‘Beeinflussung der Lebensdauer wechselbeanspruchter Teile 
durch Ruhepausen,"’ published in Stahl u. Eisen, 60 (5) 100-103, Feb. 1, 1940 

Miller-Stock, H., Gerold, E., and Schulz, E. H., Mitt. Kohle-u. Eisen 
hg. 2, 83-107 (1938 irch. Eisenhiittenwes., 12, 141-148 (1938/39 


Schulz, E. H., and Pingel, W., Mitt. Versuchsanst. Deutsch-Lux. Bergw -u 
Mutien-A.-G. Dortmunder Union, 1, 43 (1922) 


did not include reference to the work of Austin and 
Jeffries,* which was so well done on pressure welding 
of low-carbon steels. The types of structures observed 
by them and their characteristics are in very close ac 
cord with the findings of these investigations. It is 
interesting to add to this study that the structural char 
acteristics of fire-pressure welds are essentially the same 
as those transition structures developed during spot 
and resistance welding, except for the final structures in 
the electric welds which result from complete melting of 
the metal matrix. The general sequence of their de 
velopment is also the same. 


?C.R. Austin and W. S. Jeffries, A. 7. M. E. Tech. Pub. No. 481, 42 pp 
(1932 


Table 1—Effect of Rest on Hard Drawn Wire 


Average 

Number 
of Cycles 

N, at 

Failure Average Number of Cycles to Failure at a 
Under a Stress of +78,000 Lb./In.? with Rest 
Stress of Periods of 


+ 78,000 3 Days Davy 
Lb./In.? After Each After Each After Each After Each 
Without 1/5 N 1/10 N 1/5 N 1/10 N 
Wire Rest Periods Cycles Cycles Cycles Cycles 
A 65,000 82,000 100,000 73.000 = (68,000 to 
118,000) 
96,000 
B 56,000 95,000 84,000 79,000 
te 65,000 80,000 91,000 92.000 
Rotating 
Elon Reduc Beam 
Yield Tensile gation, tion of Endurance 
Strength, Strength, % in Area, Limit, 
Wire Lb./In? Lb./In* 2In Lb./In.? 
A 0.7 216,000 230,000 6 58 15,500 
B 0.8 222 O00 252,000 6 4} 51,200 
te 0.8 222,000 243,000 8 55 37,000 


considerably the number of cycles to failure. Similar 
results were obtained with a steel containing 0.42 C, 
0.27 Si, 0.60 Mn, with which it was found that heating 
for 1 day at 140° C. before testing without rest periods 
did not increase the number of cycles to failure. Further 
tests on a wide variety of steels are needed to establish 
the full significance of rest periods. 


Table 2—Effect of Rests at 140° C. on the Number of Cycles 
to Failure of 0.06°; C Steel at Room Temperature 


Increase ot 
Average Life 
Compared with 


Thousands of Specimens 
Cycles Between Thousands of Cycles to Failure Without Rest 
Rest Periods Minimum Maximum Averags Periods, % 

No Rest 

Periods 69 200 124 
1) 175 211 194 57 
2) 172 293 236 1) 
5 362 $4] 105 297 


The rest period consisted of 5 min. in oil at 140° C. followed by 
cooling for 15 min. Each average is based on 4 to 6 specimens 
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ABSTRACT SYMPOSIUM ON 


PREFACE 


SINGLE term is being used in various industries 
A: express processes, properties or characteristics 

which have general similarities but striking differ- 
ences. The newer arts and sciences borrow from the 
nomenclature of the older arts and sciences. This 
grafting of the present upon the past is a limitation of 
development without which we would soon be lost in the 
maze of the products of our thought. It leads to difficul- 
ties, however, and requires frequent consideration of 
fundamentals. 


The various industries have been differentiated not 
alone by the raw materials used but, also, by the tech- 
nique developed and the amount of production required. 
Welding differs in that it is a process of fabrication. The 
process does not lead to any single class of products nor 
can it be localized in a few organized production plants. 
The process rather has more similarities to the job shop 
in which a multitude of conditions exists. 


The successful use of welding requires a considerable 
amount of engineering knowledge and experience. The 
process is unusual in this respect in that it involves the 
melting of metals around which large industries have 
developed with an accompanying enormous mass of 
technical knowledge and experience. This condition 
leads to the necessity for wide diffusion of knowledge. 
The need for this dissemination is emphasized at this 
time as the art is comparatively new; it has not yet in- 
corporated the technical developments of other proc- 
esses, and has not yet utilized to the fullest extent the 
laboratory methods and instrumentations that the past 
few decades have given us. 


The term “weldability’’ expresses the thirst for knowl- 
edge of those using the process. 


The term “weldability’’ has different meanings to 
those employing it. It varies not only with the com- 
position but, also, with the quality of the materials used, 
the conditions under which welding is performed, the 
type of service to which the product is put and what may 
not be ordinarily considered with the technical education 
and experience of the personnel employing the process. 

It has appeared fitting to develop a roundtable dis- 
cussion around this term. The primary objectives of 
the roundtable are to gather technical information, to 
diffuse it, and to sketch the general problem in order to 
disclose the vacancies of space in the general picture in 
which further research is needed. 


G. F. JENKS 
Chairman, Industrial Research Division, WRC 
COL., Ordnance Dept., U. 5S. A. 


* Under the Auspices of the Committee on Methods of Testing, Industrial 
Research Division, WRC. Presented at the Annual Meeting of the Amert- 
CAN WELDING Socrety, Stevens Hotel, Chicago, Illinois, October 23, 1939. 
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Weldability 


Introductory Remarks 


By PROFESSOR M. F. SAYRE* 


ASICALLY, the purpose of this roundtable 
R meeting is not to arrive at any conclusions with 

regard to weldability. We cannot do it. We 
have not time for it. Nor is it the intent of any of the 
speakers at this meeting to present a complete and con- 
nected paper. Rather, it is a question of presenting 
suggestions, indications of work which is under way, 
indications of the direction in which further work should 
be done, and news as to progress of work. 


* Chairman, Committee on Methods of Testing. 


Opening Remarks 


By DR. C. A. ADAMS* 


PIECE of steel is said to be weldable when it can 

pass through the heat cycle of a normal welding 

process without developing a serious tendency to 
crack. Practically any steel can be welded, provided 
there are no restrictions as to preheating, welding tech- 
nique and postheating. This is why I used the term 
“normal process of welding.” 

The tendency to crack depends upon two things, the 
residual stresses of welding and the ability of the metal 
to withstand these stresses without cracking, namely 
the ductility. 

Both of these factors depend upon the rate of cooling. 
The higher the rate of cooling, the higher the residual 
stresses and also the greater the tendency toward a 
brittle martensitic structure in the effected zone. For 
each steel there is a critical rate of cooling above which 
this structure is martensitic (this term is used in a gen- 
eral way to indicate a dangerously brittle condition). 

In general, this critical rate of cooling decreases with 
the increase of carbon and manganese content, or 10 
some degree with any change in composition which in- 
creases the tensile strength. This does not always apply 
to high alloy steels which are not covered by this dis- 
cussion. 


My ideas are briefly as follows: 
1. The development of a method to predetermine 


the rate of cooling by theoretical calculation aided by 


experimentally determined coefficients. 


* Chairman, Welding Research Committee. 
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2. To obtain for all the steels concerned information 
equivalent to that given by the familiar S-curves, which 
are now available for only a very few compositions. 
From these S-curves the critical rate of cooling can be 
determined. 

3. To determine by rational analysis coupled with 
experimental research the connection between the rate 
of cooling and the residual stresses. Moreover, since 
these stresses are in nearly every case multiaxial, it will 
be necessary to determine experimentally more about 
their behavior in materials of different ductilities. 

Given this information and method, it would be the 
work of only a few minutes to estimate with fair ac- 
curacy the crack tendency in a new set-up, or to prescribe 
the welding technique which would eliminate the danger 
of cracking. 

Although there are other brittle ranges of temperature 
than the low range above considered, it is fairly obvious 
that their contribution to crack sensitivity will also 
depend upon the rate of cooling through those ranges. 
Finally, I am not only convinced that this fundamental 
method of attack can be applied, but that it will be ap- 
plied. In fact, some work has already been done in this 
connection. 


Weldability 


By J. H. CRITCHETT* 


HE term ‘“‘weldability’’ is today found in the 

vocabulary of most engineers. As the term is 

generally used it refers to metals, and steels in par- 
ticular, and the user generally has a clear idea of what 
the term implies. This idea, however, is purely quali- 
tative. In connection with specifications an attempt 
has been made to define weldability of steels. This 
attempt showed at once that there is little general agree- 
ment as to the exact meaning of the term. Sometimes 
it is used in a limited sense and sometimes in a broad 
sense. With the hope of bringing clarity to this situa- 
tion the Subcommittee on Welding of Low-Alloy Steels 
was canvassed by mail. The following thoughts are 
taken from or engendered by that correspondence. 

“Weldability seems to be an omnibus term in the 
same general class as forgeability, drawability, work- 
ability, machinability, and hardenability. The very 
statement of these terms indicates the difficulty in de- 
fining precisely any one of them. Even though they refer 
to characteristics of metals which have been used and 
worried over for generations, none of them are as yet 
easily or precisely defined. Each term would have a 
different connotation, in all probability, in the minds of 
each practitioner.” 

In line with the above there are such definitions as 
“Steel is weldable if any process exists by which satisfac- 
tory welds can be made,’ with the correlative ‘‘All steels 
are weldable.”’ Or again, ‘‘Steel is weldable if there is 
freedom from cracking in the base metal during the 
welding operation and melting under a torch or arc does 
not result in blow-holes and cavities.’ In the same 
vein, ““That characteristic of a metal which determines 
its comparative ability to be welded without cracking or 
forming harmful microstructures in the heat-affected 
zone." Similarly, ‘Steel is weldable if upon application 
of a welding process a useful joining of the parts results 
and the steel in and adjacent to the joinder does not 
crack or lose its essential and characteristic properties. 


* Union Carbide & Carbon Research Laboratories, New York, N. Y. 


The difficulties of arriving at a definition are apparent 
from the above. It is evident that weldability is asso- 
ciated with the method of welding, the size and shape 
of the structure involved and the ability to apply special 
techniques. Given suitable design and freedom to 
use any welding process and special technique, including 
preheating and subsequent heat treatment if desired, 
the statement that all steels are weldable cannot be 
challenged. 

However, where there are limitations due to the im- 
practicability of changing design or otherwise varying 
the whole procedure as is generally the case the term 
“weldability” takes on more precise significance. Two 
major factors seem to be involved. One, the ability to 
consistently produce a bond free from mechanical difficul- 
ties. In fusion welding this means consistent thorough 
fusion and freedom from porosity and inclusions. In 
forge welding it means freedom from oxide and slag films. 
In general, when dealing with plain carbon steels or 
steels in the S. A. E. or low-alloy category this problem 
does not arise as a function of the base metal. When 
dealing with the high-alloy steels it can be taken care of 
by means of fluxes, so that while this factor is involved 
in weldability it need not be given further consideration. 
The other factor is the ability of the metal to undergo 
the temperature cycle of welding without cracking and 
without undesirable change in its physical character- 
istics after the temperature cycle of welding has been 
applied. This includes loss of ductility due not only 
to change in grain size, change in microstructure and 
change in hardness, but also due to the existence of in- 
ternal stresses. 

Before attempting a definition of weldability based on 
the above let us consider means of testing for weldability. 
Broadly speaking all tests for Weldability are based on 
putting the material through the temperature cycle 
involved in welding and applying a test for ductility. 
The method of putting the material through the tem- 
perature cycle may comprise actually making a weld or 
may comprise depositing a bead, or the temperature 
cycle may be simulated by producing an oxyacetylene 
cut, or it may comprise torch or furnace treatment of a 
specimen in such a way as to simulate the cycle. 

The test for ductility may be a hardness or micro- 
hardness test with the implied correlation of a hard 
ness and ductility which is known to be quantitatively 
invalid in many instances. It may be a microscopic 
examination with a more direct but more difficultly 
interpretable correlation between microstructure and 
ductility. It may be a bend test which is largely re 
stricted to the outer layers of the metal. It may be a 
complete tensile test which is difficult to restrict to the 
heat affected area, or it may be an impact specimen, 
which includes the material which is undergoing the 
temperature cycle. 

The applicability of many of these tests depends on 
the comparison of test results with definite records of 
performance of a steel in service, and therefore involves 
experience not only with the testing method but also 
with the service record of the material tested. Obviously 
the specimen undergoing test must bear some relation 
with respect to mass of the application for which it is 
being tested for weldability. For example, we do not 
hesitate to weld medium-carbon chromium-molybdenum 
steels in the thinness of aircraft tubing, but would 
hesitate to term such material weldable for */,-inch 
plate; this in spite of the fact that we know full well 
that by proper preheating, proper welding technique 
and proper postheating a satisfactory joint can be made. 

In a report of the Committee on Low Alloy Steel pre- 
sented a year ago a number of steels were listed under 
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three categories; first, steels whose physical character- 
istics were not appreciably changed by the normal 
temperature cycle of the usual fusion welding process; 
second, steels in which such change as would occur could 
be remedied by means of a postheating, generally called 
stress relieving or tempering, and third, those steels which 
require modification of the temperature cycle itself 
generally by means of preheating in order to arrive at a 
satisfactory joint. This involves the concept of degree 
of weldability, and this concept automatically rules out 
any simple and precise definition, except as this contains 
limitations of degree. 

With all of the foregoing in mind the following defi- 
nition is proposed for discussion: Weldability of steel 
is that set of properties which permits mechanically 
continuous surface bonding without undesirable change 
in the physical properties of the adjacent material as a 
result of conditions correlative to effecting this bond. 
The best proposed method for testing weldability com- 
prises making a joint with the welding process envisaged, 
the dimensions of the joint to approximate those of the 
joint in the structure proposed and subjecting this joint 
as a whole to the usual static and dynamic tests. A good 
compromise is to subject specimens taken from this joint 
to these tests. All other methods of testing weldability 
involve assumptions which in general are not warranted 
by the saving in testing procedure. This is particularly 
true when it is realized that for a given type of structure 
and a given process of welding the steel in question need 
only be tested once. 


Weldability Tests Used by 
The Sun Oil Company 


By A. B. BAGSAR* 


R. CHAIRMAN, if I may be permitted, I should 
M. like to start this discussion with the question 
“What are welding and weldability?”’ 
Confining ourselves to fusion welding, we can state 
that welding is a process of joining by fusion of two or 
more pieces of metal or metals to obtain a bond or joint 
for a specific purpose. I do not believe we can afford 
to delete the last two words from the definition. This 

will be evident as we proceed in this discussion. 

Assuming that this is a correct definition of welding, 
then weldability would mean the suitability of a ma- 
terial to welding. On that assumption again, we arrive 
at the conclusion that all metals and alloys that are 
fusible can, theoretically, be welded, under suitable con- 
ditions. With this background, let us proceed. 

Let us now consider that we have a welded joint. 
Before we can use that joint, we have to be able to evalu- 
ate it in terms of service. To make this evaluation we 
again have to make assumptions. We can arbitrarily 
assign an index of 100 to a welded joint which possesses 
certain properties identical with those of the parent 
plate. Other joints may have an index of 80 or 50 de- 
pending on the degree of disparity between the proper- 
ties of the weld and of the parent plate. Such an arbi- 
trary scale would be very helpful if we could set up one. 
It is possible that for some services a steel with a weldabil- 
ity index of 50 would be entirely safe to use. In some 
other services, where handling of inflammable materials 
or construction of pressure vessels is involved, the use 
of a steel possessing an index of weldability of 90 or 
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better would be required. The term weldability has, 
therefore, to depend on the purpose for which the weld is 
used. 

Mechanical or ductility tests alone will not tell us al] 
that we would want to know about a welded joint 
For example, 18 chromium-S8 nickel alloy containing 
0.20% carbon is perfectly weldable, and is safe to use in 
many services. But if we are dealing with some cor- 
rosive liquids, it surely would not be safe to use this 
particular alloy, and for the latter service it can be con 
sidered as not being weldable. It is obvious then that 
the intended use of the weld is a determining factor in 
weldability. 

On the other hand, let us assume that we are welding 
some high chrome alloy in the form of a fin to a tube to 
conduct heat from the surroundings into the tube, or 
vice versa, and we obtain a brittle weld. In this par- 
ticular case, if we do not have thermal shocks or stresses, 
we may be perfectly safe to use this brittle weld. In 
other words, if we are going to get a comprehensive test 
on weldability we have to keep in mind all services and 
all possible uses. 

Now, coming to the particular uses in the oil industry, 
we have used welding on pipe lines and in many other 
applications such as for building pressure and other 
vessels, some of which are made of low-alloy steel. | 
might say that we classify weldability tests into two 
groups or types. The first type is intended for check- 
ing the quality of a known steel, say plain low-carbon 
steel, as to its weldability. If you want to make routine 
tests to determine whether a given piece of steel or heat 
is weldable, we have our hands full. But I would 
suggest whenever we attempt to do this we should take 
a sample which is fully representative of that particular 
steel. Our codes, I think, are somewhat deficient in this 
respect, since they do not rigidly specify as to how sam 
ples should be secured for making weldability tests. It 
is necessary to select a representative sample of the par- 
ticular steel, and preferably a sample that represents 
the worst condition in the steel, for making the weldability 
tests. When we test this sample, it would not do to take 
it to the laboratory and subject it to some arbitrary 
test, under conditions that are different from those en- 
countered in the field. We should simulate the actual 
field conditions on that particular steel to see what we 
have. 

The above constitutes one type of weldability test. 
It is intended to determine whether or not manufac 
turing variables of a given steel affect adversely its 
weldability. 

The second type of test is intended for determining the 
weldability of some steel of unknown weldability. Here 
again we must keep in mind the service for which the 
particular steel is intended and the minimum require- 
ments for the welded joint. The test is conducted ac 
cordingly, with the process of welding that is to be used 
in the shop. This is important, since an allvy steel may 
be perfectly weldable with one process of welding in the 
laboratory, and not weldable in the shop by another 
process. 

It is obvious then that testing for weldability is very 
involved and in order to make it useful, I believe we 
should consider all the important factors. 

As to the welding of oil pipe lines, fortunately this does 
not offer much of a problem; it is a question of qualifying 
the welders to get a good joint. The welding of oi! 
well casing pipe, however, does require considerabl 
thought. Casing pipe, as you know, is used in oil 
wells of depths of 2 to 2'/, miles. In some casing strings 
welded joints have been used successfully. The casing 
pipe for deep wells has to have a tensile strength as high 
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as 90,000 pounds per square inch and run into the well as 
rapidly as possible. Many successful installations of 
casing pipe by welding have been made. Selection of the 
proper steel, welding technic, and rates of cooling of the 
welded joint have contributed for the successful applica- 
tion of welding in this difficult field. 


Recent Developments in the 


Weld Quench Test 


By W. H. BRUCKNER* 


HE author has proposed the use of the “weld 
yyy test for picking out of any group of struc- 

tural steels of various analyses those steels which 
are fool-proof or easily welded. The research back- 
ground for the development of the weld quench test is 
given in the author's paper published in Trans. A.S.T.M.., 
Vol. 38, Part I], 1937, pp. 71-97. The proposed test 
was the culmination of the search for a means of deter- 
mining the extent of metallurgical damage in the base 
plate adjacent to the weld. The notch impact test made 
on samples of steel heat-treated to duplicate the critical 
zone next to the weld was found to reliably gage the 
metallurgical damage, therefore it was possible to state 
that certain steels were as tough after welding as they 
were originally. These were the steels which the ex- 
perience of the industry proved to be of easily welded 
grade. Other steels lost their toughness to a consider- 
able extent as a result of the heat treatment such as the 
base metal during welding would receive and _ these 
steels are the sensitive or tricky grades which the indus- 
try has had difficulty with in the past. 

The future research will concern itself with methods 
of determining the maximum cross-section and the 
minimum field erection temperatures for welding the fool- 
proof steels since it is known that an insensitive steel 
may crack or require special attention in welding when 
the cross-section of the plate increases or the plate tem- 
perature decreases. We propose to carry out this work 
by means of a study of the thermal cycles under the various 
conditions and the preparation of impact specimens for 
gaging the extent of metallurgical damage due to weld- 
ing. 

Our future research will also concern itself with a 
classification of the sensitive steels by means of a study 
of preheat required during welding to attain ideal prop- 
erties in the base metal adjacent to the weld. At some 
definite preheat temperature a sensitive steel will de- 
velop a suitable microstructure to give it the same or 
greater toughness adjacent to the weld than the original 
base metal and since this is the ideal condition we can 
classify sensitive steels according to the preheat required 
to make them weldable in this sense. 

When the additional weld quench test procedures have 
been determined according to the above schedule it will 
be possible not only to pick out steels of easy weldability 
but to determine also at what cross-section of plate and 
ambient temperature it may become dangerous to weld 
them. For sensitive steels it will be possible to predict 
the preheat (or a lower welding speed) required to weld 
them successfully. The weld quench tests are regarded 
as a short cut to the information on reaction rates that 
the determination of the Bain S curves for the steels 
would give us and the most important information 
Should be the answer to the question “Is the reaction 
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rate of the steel sufficiently high in the region of maxi- 
mum rate of reaction (the nose of the S curve) to produce 
tough, ductile pearlite structures as a result of the 
thermal cycle imposed upon the steel by certain welding 
conditions. If it is not high enough our remedy is to 
impose such a thermal cycle as to give the reaction a 
greater time interval in the pearlite region and thus at- 
tain the ideal sought. 


T-Bend Test as a Means of 
Determining the Weldability 
of a Steel 


By A. G. BISSELL’ 


HETHER a steel is weldable or not, depends 

upon the conditions under which the welding 

operation will be performed. The temperature 
of the steel before, during and after the welding operation 
will affect the results obtained. The physical condition 
of the steel as well as its chemical composition is an 
influencing factor. The electrode material to be used 
and the service to which the steel is to be put are also 
of importance in deciding if a steel is weldable. 
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Welding and Cutting Diagram for T-Bend Test Specimen 


Where a steel must be welded at atmospheric tem 
peratures of +10° F., and above without preheat or 
post heat treatment and the welded joints in it must be 
capable of standing maximum deformation in service 
without losing their water tightness, the T-Bend test is 
considered most effective in determining if such a steel 
is weldable. 

Specimens for this test are prepared from ‘ ,-inch, 
1/s-inch and */,-inch plate. A 12-inch 24-inch T 
piece of plate has a 4-inch X 12-inch X T piece of plate 
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Fig. 2—Jigs Used to Make T-Bend Test 


attached to it by fillet welds of '/2 T size as shown in 
Fig. 1. These fillet welds are continuous and made in 
one pass. The */s-inch and '/,-inch fillets are made in 
the flat position while the '/;-inch fillets are usually 
made in the horizontal position. Direct current, re- 
versed polarity, cellulosic covered electrodes are used. 
One side is welded and the specimen allowed to return 
to the original temperature before the second side is 
welded. The second fillet is welded in the same direc- 
tion as the first, that is, starting from the same end of 
the specimen. The electrodes and electrical conditions 
used are as follows: 


Plate Electrode Welding Are 
Thickness Size Current Voltage 
‘/, In. 1/, In. 100-105 A 26-28 V 
* 130-135 A 26-28 V 
9/16 160-170 A 26-28 V 


T-Bend and macro specimens are saw cut from the 
assembly as shown in Fig. 1. There is no further edge 
preparation. Any specimens showing undercutting or 
improper weld size are discarded. 

Jigs shown in Fig. 2 are used to make the test. The 


BENOING JIG FOR $ TEE JOINT SPECIMEN 


FIG. 3 


tongue of the T is wedged in the slide as shown in the 
diagram in Fig. 3, which holds the specimen securely 
preventing any side or end movement and forcing bend- 
ing to occur uniformly at the toe of each fillet when 
pressure is applied to the back of the specimen by the 
plunger. 

The pressure is usually applied in a testing machine 
and the maximum load and angle of bend at maximum 
load recorded. The position of a scale on the plunger 
is read and the angle determined from a predetermined 
curve eliminating the necessity of removing the specimen 
from the jig for measurement. Bending is continued 
to the capacity of the jig and the condition of the speci- 
men is noted when failure occurs, which is usually coin- 
cident with maximum load. 


AS ROLLED 


Fig. 4 


NORMALIZED 


A steel which will give a specimen that will pass 
through the jig without any cracking is considered suit- 
able for welding at the temperature welded and for serv- 
ice at the temperature tested. 

A slight crack at the toe of one or both fillets which 
leads along the fusion line is allowed. However, if the 
crack is perpendicular to the surface of the plate and 
extends into it, the steel is considered unsatisfactory. 

The specimens are prepared and tested at the following 
temperatures: 

Welded Tested 
70 70°, 10°, 0°, —10°, —20 


0 70°, 10°, 0°, —10°, —20 


— 20 70°, 10°, 0°, —10°, —20 


The specimens are made using steel in the as-rolled con- 
dition. For the purpose of comparison and to eliminate 
the variables due to rolling, specimens are also made 
using the same steel that has been normalized by heating 
to 1450° F. holding one hour and air cooling. 

The weldability of a steel is illustrated by a set ol 
specimens of a particular steel in which all of the as- 
rolled specimens welded at room temperature either 
snapped in two or failed by cracking perpendicular to 
the surface of the plate when forced through the jig 
while the same steel normalized at 1450° F. before 
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Fig. 5 


welding, passed through the jig without failure as shown 
by the '/2-inch specimens in Fig. 4. This illustrates 
clearly that a steel may be weldable as far as its chem- 
istry is concerned yet not weldable in the as-rolled con- 
dition without heat treatment before or after welding. 

To show that the geometric shape of the specimen has 
less influence than the effect of welding on the final re- 
sults of the T-Bend test, a specimen cast to the exact 
shape of the welded specimen was bent as shown in the 
upper view of Fig. 5, before failure, while a specimen 
made of the same steel cast under the same conditions 
but with the fillets welded in, failed, as shown in the 
lower view of Fig. 5. Both castings used in this test 
received the same initial heat treatment. 

The foregoing is a brief outline of the T-Bend Test 
which is presented for your consideration as a test to 
determine if a steel is weldable. 


The Navy Program in Seeking 
a Weldability Test 


By CLARENCE E. JACKSON* 


T IS felt that a full automatic control of welding con- 

ditions is a fundamental requisite in making tests 

welds. While it is true that much perfect weld 
metal is deposited manually by skilled operators it is 
equally true that test work requires the maintenance of 
uniform values of current, are voltage, and speed of travel 
of the electrodes. Automatic equipment has been 
used in the present studies. In the present phase of 
the investigation about 35 hot-rolled laboratory and com- 
mercial steels of plain carbon and low-alloy types are 
being studied. Considerable data have been collected 
on this group of steels as hardness, weld quench, bead- 
weld and tee-bend specimens have been prepared. 

In the preparation of the v-notched-bar bead weld 
test specimen, single bead welds were deposited trans- 
verse to the direction of rolling on 6 7 X '/2 inch plates 
in the as-rolled condition. The electrode was used 
with reverse polarity at 175 amperes, 25 volts, and a 
speed of travel of 6 inches per minute. Five standard 
and 2 double width v-notched bead weld specimens were 
prepared. The apex of the v-notch was machined 
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tangent to the fusion line. In addition to the bead 
weld specimens, 5 standard and two double width 
specimens were also made for each plate material 
tested. The v-notched bar specimens were broken in an 
Amsler pendulum type machine at a temperature of 70 
to 75° F. Vickers Brinell hardness measurements were 
also made. 

In order to be able to judge the full value of the v- 
notched bar test specimen, it was felt that a comparison 
of the results of these specimens with some type of prac- 
tical test was essential. It was felt logical, as a prelimi- 
nary survey, to compare the v-notched-bar test values 
with the results of the tee-bend. 

The tee-bend test for determining the weldability of 
high tensile steel has been used extensively in the work 
of the Navy Department (Bureau of Construction and 
Repair); the vast amount of data indicating its useful- 
ness aS a summary test of the base material in the 
welded joint. 

The v-notched bar test on the other hand may be 
looked upon as a detail test measuring both the proper- 
ties of the plate and of the weld heat treated materials. 
Regardless of one’s opinion of the notched-bar as a test 
it does differentiate between ductile and brittle ma- 
terial. 

In Table 1 data obtained by the Charpy v-notched-bar 
test, the tee-bend test and the weld-quench test for four 
typical steels are presented. It is to be noted that the 
type of fracture is informative in both the Charpy v- 
notched bar test and the tee-bend test. A high value 
for the notched bar test may be misleading if the ma- 
terial contains laminations which more or less nullify the 
effect of the notch and produce a woody tearing break. 


Table | 
Steel Hardness 
No. Rank Plate Maximum Weld 
20 2 160 209 
29 1 150 151 
30 4 212 246 
144 3 189 228 
Charpy V-Notched Bar Test 
Plate Bead Weld 
Stand- Stand- 
ard Double ard Double Fracture 
20 2 39 35 48 44 Plate brittle 
29 1 163 220 129 220 All breaks ductile 
30 3 23 40 100 220 Plate brittlke—Bead weld 


ductile 
144 4 110 172 107 190 Woody tearing—Break 
(laminated) 


Tee-Bend Test 


Angle of 
Deflection at 
Maximum 
Load Load 
20 2 62° 7252 Plate (sharp break) 
299 1 64° 5680 Slight bond 
30 3 48° 7535 Plate (sharp break) 
144 4 24° Bondand plate (laminated) 
Weld Quench 
Plate Quenched Per Cent 
20 3 16 15 94 
29 4 3 27 S7 
30 1 24 30 125 
15.5 16 103 


144 2 
4 Spec imen failed to fracture. 
2 
No correlation exists between the rank of weldability 
as measured by the weld quench and either the v-notched 
bar or the tee-bend test. It is to be noted that if we 
deviate from Bruckner’s percentage method of inter- 
preting his data and return to the actual test values that 
the rank would be changed to the following order: 
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Rank 


Standard No Weld-Quench V-Notched Bar 


20) 4 2 
29 
30 2 3 
144 3 4 


Here we find steel No. 29 has the highest rank in both 
the v-notched bar and the weld quench. No correlation 
exists for the lower quality steels. This is the analyses 
of the data that Mr. Hiemke refers to when he states that 
the five steels which are rated highest by Bruckner’s 
Weld Quench are also rated as the highest five in the 
test developed by Jackson and Rominski. 


Table 2 
Steel Hardness 
No. Rank Plate Maximum Weld 
1 3 162 215 
20 2 160 209 
32 l 172 209 
4 192 369 
Charpy V-Notched Bar Test 
Plate Bead Weld 
Stand- Stand- 


ard Double ard Double Fracture 
1 } 55 101 44 85 Woody Tearing—Break 
(laminated) 
3 39 35 48 44 Plate brittle 
32 l 121 118 220 All breaks ductile 
2 107 147 76 139 ~All breaks tough 


Tee-Bend Test 


Angle Load 
1 4 37 5142 Bondand plate (laminated) 
20 3 62 7252 Plate (sharp break) 
32 l 44° 5886 Slight bond 
11 2 44° 6536 Bond failure 
Weld Quench 
Plate Quenched Per Cent 
1 1 16 18 112 
20 2 16 15 94 
32 3 30 27 92 
11 4 22 7 32 


t Specimen failed to fracture; 


Another series of steels are presented in Table 2. Data 
for hardness, v-notched-bar, tee-bend and weld quench 
are presented. Steel No. 32 is ranked first in all tests 
except the weld quench. Steel No. 11 which ranks 
second in the v-notched bar and the tee-bend test is 
ranked fourth by both the hardness and the weld quench. 

Good correlation is possible between the results of the 
Charpy v-notched-bar test and the tee-bend test. 
The results of either of these tests cannot be correlated 
with the data obtained with the weld quench or with 
hardness measurements. 

In conclusion let us not forget a good welding steel is 
one that is tough and retains its toughness under the 
influence of the weld heat treatment. 


Research Work on Weldability 
of Steels* 
By LEON RUCQUOI' 


INTRODUCTION 


SHARP debate has been going on in Europe re- 
garding the weldability of low-carbon steels as 
produced either by the basic Bessemer (Thomas) 

or by the open-hearth (Siemens Martin) process. The 
—- (Undertaken by the Steel Mills of Belgium and Luxembourg under the 
direction of Professor Fernand Campus of the University of Liége.) 


t Centre Belgo-Luxembourgeois De L'Information De L’Acier, Brussels, 
Belgium. 


bulk of the production of a great many steel mills jp 
Belgium, Luxembourg, France and Germany is basic 
Bessemer steel, this being dictated by the nature of the 
iron ore (high phosphorus ‘“‘minette’’ from the Lorrain 
basin) which they use. After the collapse of the Hasselt 
bridge, it has been claimed in many articles that the 
quality of the steel was to be blamed, this statement 
being based on the brittle aspect of the breaks. Such 
statements have often been dictated by the desire of 
welding advocates to save welding from any blame; they 
have been supported or encouraged in certain cases by 
competitive mills producing open-hearth steel. In fact 
the extensive tests carried out by independent investi- 
gators on thousands of samples of the Hasselt bridge 
steel have lead to the conclusion that the steel of this 
bridge could not be blamed for the failure: the causes 
of this accident must be looked for elsewhere, notably: 
in poor design (excessive rigidity of structure, thick 
members, objectionable sequence of weld deposits) and 
in poor workmanship (bad welds, members not in correct 
position resulting in failure of the scarves of butt welds 
to fit properly). 

The high internal stresses which might result from 
welding and be additive to the external stresses, to- 
gether with the multi-directional character of the inter 
nal stress system (which is responsible for complete 
suppression of ductility) are the factors to which the 
designing engineers could never devote too much atten- 
tion; there is no foolproof steel that could have qualities 
of weldability to take care of such adverse conditions. 

In view of the lack of information on the respective 
characteristic of weldability of basic Bessemer and 
open-hearth steels, the steel mills of Belgium and Lux- 
embourg have decided to conduct an investigation on 
eight grades of mild steels: 


Basic-bessemer rimming 52,500—62,500 Ib./in.* 
Basic-bessemer killed 52,500—62,500 Ib. /in.? 
Open-hearth rimming 52,500—62,500 Ib. /in. 
Open-hearth killed 52,500—-62,500 Ib. /in. 


Basic-bessemer rimming 60,000—68,500 Ib. /in.* 
Basic-bessemer killed 60,000—68,500 Ib. /in.? 
Open-hearth rimming 60,000—68,500 Ib. /in.* 
Open-hearth killed 60,000—-68,500 Ib. /in.” 


Carbon content is limited to 0.12 for plates under 
1 inch thick and to 0.18 for plates above 1 inch S, P and 
Si contents are limited. The yield strength is obtained 
by addition of Mn. These steels will have to comply 
with specified physical conditions: tensile tests, elastic 
limit, bending test, notch-impact test (Charpy), aging 
test. 

Provisions have been made for complete uniformity 
in the qualities of each grade of steels and in the rolling 
of each gage of plate. 


PROGRAM OF THE SPECIAL TESTS TO BE MADE BY 
PROFESSOR CAMPUS 


1. Web Plates 


The tests will be made in a direction parallel to 
rolling and in a direction perpendicular to rolling, 
on plates '/. and */, inch thick (12 to 20 mm 
These plates will be in one case ‘‘as-rolled,”’ in the other 
normalized. For each grade of steel the tests will thus 
be made on § different plates, or a total of 64 plates. 

a. On each of these plates a tension test will be made 
on a notched specimen (these specimens will have their 
heads progressively connected to the body). There will 
be 3 specimens for each test, or a total of 192 specimens. 
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Fig. 1 


Fig. 2 


b. In a second series of tests a condition of triaxial 
stresses will be developed. The dimensions of the plate, 
of the circular cutting, of the weld as well as the execution 
of the weld will be strictly uniform in all tests. Precau- 
tions will be taken in the selection of electrodes and in 
the execution of welds to avoid cracks in the welds. In 
the plates welded as described specimens will be cut 
for bend tests, static tension tests on notched bars, and 
notch-impact tests. The position of the specimens as 
regards the welds, also the size and place of the notches 
will be exactly determined and will be strictly the same 
for every plate (see Fig. 1). 


128 bend tests 

128 tension tests on notched bar 
512 impact tests on notched bar 
128 macrographs 


2. Flange Plates 


The tests will be made in a direction parallel to rolling, 
on plates */, x 12 inches, 1'/, x 12 inches and 2 x 16 
inches. These plates will be as-rolled. For each grade 
of steel, 3 different plates will be tested; thus a total of 
24 plates will be tested for 8 different grades of steel. 

a. Qn each plate a static tension test will be made on 


@ notched bar; (the heads of these bars will be progres- 
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sively connected to the body). There will be 3 specimens 
for each test, or a total of 72 specimens. 

b. A-second series of tests will be carried on, on plates 
subjected to a condition of stress equivalent to that which 
exists in a welded member where such plates constitute 
generally the flanges of a girder. To create this condi 
tion, the plate will be strongly secured in a very rigid 
frame, and a web plate will be welded perpendicularly to 
it. Great care will be taken to insure perfect uniformity 
in all dimensions and welds. 

Out of the plates prepared in this way, the necessary 
specimens will be cut for a bend test, static tension tests 
on notched bar, notch-impact tests. The position of the 
specimens as regards the weld, also the size and location 
of the notches will be exactly determined and will be 
strictly the same for every plate 

The total amount of tests will be as follows 


24 bend tests 

1S tension tests on notched bar 
192 impact tests on notched bar 
48 macrographs 


Each plate will be 7 feet 4 inches long. 


3. Rib Flange Plates 


These plates will be subjected to tests the same as for 
the flange plates above, but a total of only 192 notch- 
impact tests will be made (see Fig. 2) 


Weldability ‘of Steel 


By W. L. WARNER* 


T APPEARS to me that the general problem of 

weldability is that of determining whether or not you 

can build the structure that you want to build with a 
certain material. This general inclusive problem of 
weldability involves three distinct fundamental prob- 
lems. 

The first and primary one is concerned with the effect 
of the heat of welding on the plate metal which you want 
to weld. This problem is inescapable and is the first 
one to be encountered in fusion welding, particularly 
with the electric arc. 

The next problem is that of the nature of the welded 
joint. This problem is concerned with the physical 
properties of the welded joint, soundness of the weld 
metal, freedom from internal defects, and the nature of 
the bond between weld metal and plate metal. The 
plate metal is not weldable unless a serviceable welded 
joint can be made on it by some practicable procedure. 

The third and final problem is the weldability of the 
design that you want to build. This problem cannot be 
answered conclusively by a laboratory test and the author 
does not believe that one test will answer these three 
problems. 

We have a test which we have used a lot at Water 
town. It is the weld bead heat effect test. (Quite a few 
of you are probably somewhat familiar with it. The 
object of this test is to study the heat effect of the welding 
on the plate metal. 

* Watertown Arsenal 


This discussion represents only the personal opinions of the author and in 
no way reflects the official attitude of the U.S. Army 
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We use a piece of '/s-inch plate, 3 inches wide by 
9 inches long and run a 3 inch long bead in the center of it. 
The welding is done by an automatic machine so that we 
can obtain uniform welding conditions for all welds. 
After the weld bead is deposited, we cut a section through 
it and measure the hardness in the heat-affected zone 
under the bead. This hardness measurement, we 
believe, gives an indication of the welding quality of the 
plate metal. 

In Fig. 1 we have two alloy steels of approximately 
the same carbon content upon which weld beads have 
been deposited under three different conditions. The 
comparative differences are similar for both steels. The 
travel speed in all cases was 5 inches per minute, which 
was selected as an average hand welding speed. These 
results indicate quite clearly that a slight change in 
welding procedure will affect the maximum hardness 
obtained in the heat-affected zone. 

We were also interested to find out whether, with the 
welding conditions closely controlled, it is possible to 
duplicate the hardness values in the heat-affected zone 
and also what the effect of oscillating the electrode 
would be. These data are shown by Fig. 2, which gives 
the results using two different makes of electrode of the 
same type The osc.llation of the electrode was °/; inch. 
From the chart it appears that oscillation of the electrode 
does not affect the hardness in the heat-affected zone. 
A comparison of 1 and 2, or 4 and 5 shows that the 
hardness values can be duplicated quite closely. 

In Figs. 3, 4 and 5 we see a comparison between the 
single bead and the triple bead heat-affected zones on 
four different steels. The triple bead specimens of Figs. 
3 and 4 were water cooled between each bead to about 
150° to 200° F. Under this procedure the maximum 
hardness of the triple bead heat-affected zones are 
approximately the same as the single bead heat-affected 
zones. 

However, in Fig. 5 specimens 10 and 14 show that 
when the plate is not cooled between beads the maxi- 
mum hardness is considerably reduced because the 
successive heat applications warm the plate and change 
the temperature gradient. The resulting hardness 
obtained is, of course, a function of plate composition, 
temperature and time or rate of cooling. 

I believe this method of test is very helpful in study- 
ing the effect of the heat of arc welding on metal. Of 
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course we realize that a test of this sort does not tell the 
whole story, but it does give valuable information re- 
garding one of the most important problems in the whole 
analysis of the general problem of weldability. 

In addition to this, physical tests should be made on 
the welded joint and on a complete structure. We 
follow this procedure at Watertown. Our shop insists 
that, before we buy any welding steel which has not been 
previously used in our shop, the gteel be tested by build- 
ing a sample structure. If the material passes this 
welding fabrication test and the structure passes in- 
spection, then the steel is acceptable. 


Discussion 
By DR. J. C. HODGE* 


ACH one has his own idea of what weldability 
means. Our ideas are clear to ourselves, but it 
may be difficult to reconcile them with those of 

others. That is due to the fact that our experience may 
vary considerably in the welding of any particular type 
of steel. The variation may lie between successful ex- 
perience and failure for reasons extraneous to the steel 
itself. Some of our ideas may become so firmly estab- 
lished by reason of these differing experiences that a 
discussion on weldability is liable to become much 
confused. 

And so with a great deal of hesitation, I offer a defini- 
tion of weldability proposed in a paper given early this 
year at the meeting of the American Iron and Steel 
Institute: ‘“‘The weldability of a steel may be detined as 
its ability to pass through the thermal cycle of a particu- 
lar welding technique without the production of hard or 
brittle zones in the welded joint, which would tend to the 
production of cracks or to the failure of the welded 
joints under service loading.”’ 

Several items are covered in this definition. It in- 
volves a consideration of the hardenability of the steel 
to be welded, which in turn is based on its chemical 
composition and certain other factors, its in- 
herent grain size or austenitic grain size. Rate of cool- 
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* Babcock and Wilcox Company, Barberton, Ohio 
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ing as affected by details of welding process or technique 
is the second fundamental of the definition. Variations 
in the service of the welded structure, such as were 
covered so nicely by Dr. Bagsar in his discussion and as 
exemplified by the failure of the welded bridge in Bel- 
gium, are also covered by the definition. 


Let us consider the weldability of plain carbon steels 
with which we are generally more familiar than the 
weldability of other types of steels. Even with normal 
manganese and silicon contents the limit of carbon for 
ready weldability is not fixed. Our present information 
and knowledge do not go much beyond the facts that 
(1) for easy weldability an approximate limit of 0.35% 
carbon is advisable and (2) higher carbon contents imply 
greater restrictions in welding. 


With variable manganese contents present, our in- 
formation is more confused. For example, we may 
have to select a steel of a certain carbon and a certain 
manganese content, which will give a required tensile or 
yield strength to provide a permissible working stress 
for design purposes. The required physical properties 
may be obtained by various combinations of the two 
elements, ranging from a relatively high-carbon steel 
with relatively low manganese to a relatively low-carbon 
steel with relatively high manganese. What particular 
combination of carbon and manganese should be selected, 
however, for greatest weldability. Incidentally a study 
of this subject, ie., ““The Effect of Carbon and Man- 
ganese on the Weldability of Steel,’’ is now being spon- 
sored by the Welding Research Committee. 


A partial exploration of the subject has been made and 
the results published in the Iron and Steel Institute 
paper, previously referred to. The tests covered two 
series of steels with carbon varying from approximately 
0.20 to 0.50% and with manganese varying in inverse 
order from approximately 1.60 to 0.40%. All of the 
steels possessed in the normalized condition a yield 
point of approximately 50,000 to 55,000 Ib. /sq. in. 


(Note: Dr. Hodge then explained some of the experi- 
mental test data on these steels. It was shown that 
relative weldability decreases with increasing carbon 
content, even though increasing carbon is accom- 
panied by compensating reduction in manganese con- 
tent. For a steel of relatively high yield strength the 
increase in strength from the view-point of weldability 
is better obtained by compositions involving relatively 
low carbon and relatively high carbon rather than the 
reverse. The effect of preheating on the weldability 
of the steels was also investigated, and the conclusion 
drawn that for each steel a critical preheating or 
application temperature existed, below which difficulty 
in welding might be anticipated and above which 
difficulty in welding would probably not be encoun- 
tered. Absolute weldability must take into considera- 
tion factors other than composition and preheating 
temperature and other welding technique variables. 
An important factor is the thickness of the sections 
being welded, since this controls the rate of cooling 
from welding temperature and thus the hardness 
produced. In these tests relative weldability was 
judged by the performance of simple bend test speci- 
mens, having a bead deposited on the outer surface of 
the specimen. The paper, in which the test data is 
presented, is ‘“The Value of Electric Arc Welding in 
Design and Its Limitations.’’ Since it was published 
in full in the Sept. 1939 issue of the AMERICAN WELD- 
ING SociETY JOURNAL, Dr. Hodge’s discussion at the 
meeting has been summarized as above.) 


Discussion 
By DR. C. A. ADAMS* 


IRST, I wish to point out the reasons why some of 

the tests presented by Mr. Clark did not check with 

the Bruckner tests. The Bruckner sample is homo 
geneously brittle throughout. The Clark test includes 
not only the thin brittle zone, but also a large amount of 
more ductile material. It is obvious that these tests 
should not check. 


What Dr. Hodge has said together with some of Mr. 
Warner's data, encourages me to go a little deeper into 
the suggested plan of attack, particularly with reference 
to the rate of cooling. 


In general, the rate of cooling of a particular zone, 
say | inch length of weld seam, is inversely proportional 
to the heat delivered to that zone and directly propor 
tional to its heat dissipating power. The heat delivered 
can be computed with fair accuracy for any given case. 
The difficulty arises in connection with the heat dissi 
pating power. Even this can be roughly approximated 
by wholly theoretical calculation, although it could be 
much more closely approximated with the aid of ex- 
perimentally determined coefficients. I will mention a 
few of the factors involved in the over-all heat dissipa- 
tion coefficient. 


1. Radiation and Convection from the Hot Surface. 
This is a large item in bare electrode heat, but is very 
much reduced by slag covered electrodes and still further 
reduced where the whole surface is covered with a pow- 
dered flux as in the Union Melt process, or what we used 
to call the smothered arc. 


2. Thickness of Plate.—It is obvious that when a 
bead of a given size is laid upon the surface of a plate 
it will cool more rapidly in the case of a thick plate, 
other things being equal, but there is a limit to plate 
thickness beyond which there is no increase in cooling 
rate owing to the transient nature of the phenomena and 
the time required for the heat to dissipate. 


3. Thermal Conductivity and Specific Heat.—The 
rate of cooling increases with both of these constants, 
particularly the former, as the specific heat varies by 
relatively small amounts in the range of steels under 
consideration. The thermal conductivity varies over a 
considerably wider range and fortunately decreases in 
those compositions which yield a high tensile strength. 


4. Geometry.—This should really include the plate 
thickness mentioned above, but includes also the size 
and shape and surface conditions of all the metal in 
volved during the cooling period. 


5. Base Temperature.—By this I mean the tem 
perature of the metal in the weld zone before the weld- 
ing starts. This is a very important factor, since in some 
cases a small amount of preheat may lower the cooling 
rate below the critical point for a particular steel. Also, 
in a multi-bead deposit, this may be a very important 
factor if the subsequent beads are laid before the metal is 
cooled. 


It will be entirely possible to formulate the relation of 
these several factors to the rate of cooling and to de- 
termine some of the coefficients by experiment, For 
example, it will be possible to introduce a geometric 
coefficient that could be determined for a few common 
types of geometry. It will also be possible to determine 


* Chairman, Welding Research Committee. 
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the surface dissipation coefficient for bare electrode welds 
and for two or three types of welds made with covered 
electrodes and Union Melt welds. 

With the aid of these experimental constants the over- 
all heat dissipation coefficient could be readily prede- 
termined for practically any normal set of conditions. 

I realize fully the very large number of variables in- 
volved and the necessity for considering all these vari- 
ables in any such rational attack of the problem, but I 
also know that even when the results of this method are 
only crudely approximate, the quantitative calculations 
involved develop a habit of quantitative thinking and 
analysis which is tremendously valuable in planning the 
technique for a new job involving changes in some of the 
factors which are not ordinarily considered by the aver- 
age welding engineer. 


Weldability of Steel 


By H. W. HIEMKE* 


N APRIL 1935 the Bureau of Engineering, Navy 
I Department, inaugurated a program of research at 

the Naval Research Laboratory concerning the weld- 
ability of Iron Alloys. This research was principally 
concerned with the development of a test or tests for 
weldability of steel. Ifa suitable test could be developed 
it was intended that this test be used to supplement or 
to replace chemical limits which are used to define 
weldability in present day specifications. 

The term ‘‘weldability’’ has been defined in many 
ways. In its broadest sense it might be defined as the 
degree of ease of producing a welded joint satisfactory 
for the purpose intended. The number of variables 
contemplated by such a definition, regarding processes 
of welding, procedures used, and conditions of service 
would practically rule out of consideration the estab- 
lishment of any one test or simple series of tests to repre- 
sent weldability. 

In order that the study of weldability may be rendered 
more definite a much more restricted definition will be 
offered. In the restricted sense in which weldability 
has been investigated by the Naval Research Laboratory 
it may be defined as ‘‘the ability of a steel to be sub- 
jected to the thermal effect of an electric arc weld without 
appreciable hardening or loss of toughness.” 

As a preliminary study of the research at the Naval 
Research Laboratory hardness surveys of thermally 
affected areas around bead welds deposited on various 
steels were conducted. Various investigators have 
suggested that the degree of weldability of steel be based 
on the maximum hardness produced in the thermally 
affected zone adjacent to a weld. This criterion of 
weldability is not without merit for comparing simple 
carbon steels of various analyses. In the case of low- 
alloy high-tensile steels hardness adjacent to a weld 
should not of itself be considered as a true criterion of 
weldability. The primary function of the alloy addition 
elements is to increase the strength and hardness of 
steel without appreciably decreasing the toughness of the 
steel. Accordingly, higher hardnesses must be expected. 
As long as the toughness of the steel is not adversely 
affected by the heat of welding the hardness produced 
by this thermal effect is of secondary importance. 


* Bureau of Engineering, Navy Department. 
The discussion represents only the personal opinions of the author and in 
80 way reflects the official attitude of the Navy Department. 
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Two test methods quite different as to details have 
been developed by the Naval Research Laboratory dur 
ing the past several years. They are similar in that 
each evaluates the effect of the welding heat on the 
toughness adjacent to welds. Hardness readings are 
made as a matter of record, but are not considered to be 
of primary importance. 

The first of these tests was developed by Mr. W. H. 
Bruckner and reported to the A.S.T.M. Symposium of 
Impact Testing in June 1938. In this test a specimen 
of the steel being investigated is subjected to a carefully 
controlled thermal cycle closely approaching the actual 
thermal cycle adjacent to a weld bead. This thermal 
cycle was developed to produce in the separately treated 
test specimen the maximum grain size and the maximum 
hardness found in the thermally affected zone adjacent 
to a weld. After this treatment the test specimen is 
broken as a half width Charpy notch bar specimen and 
the value for weldability recorded in foot-pounds. The 
half width specimen was used because of the difficulty 
of obtaining uniform grain size and hardness in a larger 
mass of metal. 

During the past year Jackson and Rominski reported 
the results of another form of weldability test. In this 
test a bead of weld metal is deposited on the plate being 
investigated using an automatic welding bead. Notched 
bar specimens are cut transverse to the weld bead and 
the notch is so positioned that the base of the notch 
coincides exactly with the junction of weld metal and 
base metal. Weldability values are recorded in foot 
pounds. In this case the toughness of the thermally 
affected metal backed up by the unaffected metal is 
determined. 

The correlation between these two forms of tests is 
quite good, although individual ‘cases can be selected 
to show discrepancies between these two tests. It is 
interesting to note that the same five steels which are 
rated the highest by the Bruckner Weld quench test 
are also rated as the highest five in the test developed 
by Jackson and Rominski. No such direct correlation 
is obtained between either of these tests and the hardness 
adjacent to the weld. If a low hardness adjacent to 
the weld were accepted as the criterion of good weld 
ability the low-carbon steels without alloys are given a 
much higher rating than they are in the tests where 
toughness is a factor. 

Several other tests such as the T Bend test used by 
the Bureau of Construction and Repair, Navy Depart 
ment, and a Longitudinal Bend test developed by the. 
Babcock and Wilcox Co. have been developed with the 
idea of introducing some form of toughness measurement 
as a criterion of the weldability of steel. It is premature 
to say that one or the other of these four forms of weld 
ability tests is better than the others, or that any of 
these tests will be finally accepted as a standard test for 
weldability. It seems quite certain, however, that such 
a standard test should be based on the property of 
toughness of the thermally affected zone rather than its 
hardness. 


Discussion 
By E. E. THUM* 


It seems to me that Dr. Adams’ “‘simple’’ problem 
includes several variables and the evaluation of the 
general equation would probably require a man of his 
or Professor Einstein's capacity. Even then he would 


* Editor, Metal Progress, Cleveland, Ohio. 
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merely solve the problem of the geometry of the joint 
and would have to relate it to the more important 
problem—the metallurgy of the metal which is being 
welded. Suppose at the end he had a certain cooling 
curve or time-temperature curve for one geometric ar- 
rangement we might call joint A, and for another 
geometry we might call joint B he would find another 
cooling curve which might have a slope (rate of cooling) 
twice as high through a certain zone 1600 to 1250° F.(or 
is it 1600 to 750° F.?) which may be called a critical zone 
for a low carbon steel. Very good. Just what does 
that mean from the standpoint of metallurgy? It pos- 
sibly could be interpreted correctly as to the hardening 
effect on a plain carbon steel, but probably could be in- 
terpreted with much less precision (in the present state 
of our ignorance) for the low alloy steels, and wouldn't 
mean much of anything in the metallurgy of nickel or 
of some other non-ferrous alloy without transformations 
which we might want to weld. 

Furthermore, it happens, either fortunately or un- 
fortunately, that the metallurgy of our old friend carbon 
steel is not at all stabilized. We are getting new steels 
on the market which do not act the way they should. 
By that I mean that some of our preconceived notions 
about the uniform relation between hardness and cooling 
rate just do not hold any longer in steels that are manipu- 
lated in the refining and casting stages to control their 
grain size and hardenability. Likewise there is no longer 
a simple relation between hardness and brittleness (lack 
of toughness). 

And so I would merely point out that even after the 
geometry of the joint has been solved and the heat input 
and heat extraction have been carefully mapped out, we 
still have the very important problem of the hardenabil- 
ity of the precise piece of steel and the toughness of its 
various hardened stages. To my mind at least it there- 
fore would be much easier to integrate all these variables 
at once by making a joint by a commercial process and 
technique and then comparing the properties of that 
joint with the properties of the original metal. If we 
have enough experience to say that the original metal 
would be a satisfactory material for the purpose intended, 
then we should be able to say with a good deal of con- 
fidence that the welded joint in that metal will also be 
satisfactory if the desired and important physical proper- 
ties are not reduced more than a definite amount. In 
other words, if the tensile strength, bend ductility and 
impact strength of a welded joint were within 80% of 
the original metal, I would say that the metal was 
“weldable” in a practical and commercial way, for the 
welded joint would have better properties than the 
riveted joint that has served us for generations. 


Discussion 
By DR. C. A. ADAMS* 


Although I realize the many variables involved in this 
problem, I cannot agree with Mr. Thum that our 
knowledge of the subject is so hazy and vague as to make 
any attempt at rationalizing hopeless. The fact that in 
the early days metallurgy was largely an empirical science 
should not throttle the laudable desire to make it more 
rational. As a matter of fact, much of the best research 
work in this field during the past decade has been aimed 
at this very rationalization. Recently, a new term has 
been coined, namely, “‘physical metallurgy,’ concerned 
entirely with the scientific rather than the empirical ap- 
proach. 


* Chairman, Welding Research Committee 


It would be sad indeed if unknown or unrecognized 
variables were so dominant that we could not produce a 
heat of steel which would meet the specifications or 
which would behave so differently when cooling from 
weld heat to room temperature, as to make worthless 
all predictions as to resulting micro-structure when 
cooled at a given rate. If this were true, the classical 
work of Drs. Bain and Robertson, as well as similar 
work in the same field since that time, would be prac. 
tically useless. 


Discussion 
By L. R. HODELL* 


The first impression that our Research Organization 
had on looking into the problem of determining the weld- 
ability of various types of oilwell casing, was that the 
subject of weldability was one upon which there was a 
wide range of opinions. Further, we were impressed with 
the fact that almost the only method of attack on the 
problem was to actually weld the steel in question and 
record the result of physical tests. It appeared that in- 
vestigators felt that they were getting satisfactory re- 
sults, from which they could make more or less general 
statements regarding the weldability of a given steel. 

Little, if any, attention seemed to be given to the di 
mensions of the steel itself; that is to say, the steel was 
spoken of as being either weldable or not weldable or at 
some position between these two poles, without regard 
to other possible conditions. That is a test might be 
made on a piece of '/2-in. plate, and the steel declared 
weldable as the result of certain physical tests, and the 
implication then made that if that identical steel were 
made into 3-in. plate it would afso be weldable. 

We felt that we needed some more fundamental ap- 
proach than had been made, and we were not convinced 
that any general conclusions for a given steel could be 
drawn from a limited set of tests. Our methods of in- 
vestigation and conclusions are contained in the A. P. | 
symposium. 

They constitute, we believe, a new and possible ad- 
vantageous approach to the problem of determining 
weldability. Very briefly, the points may be outlined as 
follows: 

First, we accept as a premise that, if we can keep the 
hardness of the finished weld down to some reasonable 
point, such as 200 Brinell or slightly more or less, we 
have a weld which probably will contain no microscopic 
cracks or tendency toward the same which would lead 
to some of the failures that are so hard to explain. We 
made no effort to prove this position, but accept it as a 
premise that the desirable criterion was the finished 
hardness of the weld (it goes without saying that the ex 
pertness with which the weld had been deposited and the 
degree of penetration, the extent of fusion, etc., were 
assumed to be of a desirable quality and quantity) 

After considering this premise, we tested a number 0! 
steels for their hardness when they decreased from som 
high temperature in the neighborhood of the melting 
point to atmospheric temperature, with different rates 0! 
cooling above and through the critical range. We set up 
the theory that the reliability of the weld could be gaged 
to quite an extent by the finished hardness of the weld, 
and that this finished hardness was a function of the 
cooling velocity through the critical range and of the 
chemical composition of the steel. 


* The Carter Oil Company, Tulsa, Oklahoma 
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Our results are exemplified by two data sheets which 
show the hardness of two casing steels after cooling 
through the critical range at different cooling velocities, 
which were measured at 1300° F. 

Consider Pipe A. We have accepted 200 Brinell as the 
limiting hardness. The question is, whether or not Steel 
A should be considered as weldable or not weldable. Our 
conclusions from the data shown on this sheet show that 
Steel A is weldable if the welding procedure is such that 
when the weld is cooling through the point 1300° F., the 
cooling velocity is not in excess of 20° per second. We 
further conclude that, in the event that the cooling 
velocity is in excess of 20° per second at 1300° F., the 
steel is not weldable because it results in a hardness in 
the finished weld in excess of 200 Brinell. 

Our position is, then, that steels are not weldable or are 
weldable as a result of their chemistry. The chemistry 
enters, as will be seen from these data sheets, but the 
other principle factor is the rate of cooling. Consider 
Pipe U. As will be seen, the 200 Brinell is the maximum 
acceptable hardness. This steel may be considered 
weldable up to 140° decrease in temperature per second 
(temperature measurement, 1300° F.). 

This whole theory seems to us to explain so many 
things that we know about welding but seldom attempt 
to explain. For instance, we all know that many steels 
are considered as weldable if they are preheated. We 
gather that frequently this preheating is regarded as 
beneficial per se. According to our theory, the reason 
that the preheating is beneficial is obvious—the preheat- 
ing, of course, heats a considerable mass of the metal and 
causes it to cool much more slowly than if welded without 
preheating. The result of this slow cooling, naturally, 
is a softer finished weld. 


Discussion 
By BELA RONAY* 


The Station’s approach to the establishment of a 
method for determining the weldability of steels is based 
on the examination of the change of hardness and 
ductility of the heat-affected zone. The variables in 
course of the test were the power input, the geometry 
and the positioning of the specimens. The results of the 
tests exploring the effects of the first two of the above- 
given variables showed that both hardness and ductility 
changes are almost directly proportional to variations of 
the power input and the rate of conduction from the 
weld zone as it is affected by the geometry of the speci- 
men. 

The results of the test of the positioned specimens are 
not yet available in full. 

The data on hand indicate that attempts at a cate- 
gorical classification of steels in regard to weldability may 
be futile. 

It is further indicated that classification of steels as 
to weldability may have to be expressed as a function of 
(@) the geometry of joint; (6) the power input (the 
minimum size electrode permissible to weld a given piate 
thickness for each type of joint); (c) the position of the 
joint (flat, horizontal, vertical). 

Welding tests are now under way to evaluate the 
above contentions. 

All welding tests are performed by means of an auto- 
matic welding apparatus capable of precision perform- 
ance in all positions. 


* Senior Welding Engineer, U. S. Naval Engineering Experiment Station, 
Annapolis, Md. ing Engineer a ugineering Experimen ion 


Closing Remarks 


By DR. S. L. HOYT* 


Professor Sayre’s communication from Louis Hodell 
of the Carter Oil Company is interesting. Last Spring 
Mr. Hodell discussed his work on the weldability of oil 
well casing with me with the result that I attempted to 
develop the metallurgical principles involved in his 
problem. Mr. Hodell had experimentally determined 
cooling curves for various field-welding conditions. With 
the aid of Dr. Bruce’s methods of calculating rates of 
cooling, cooling rates for many additional welding condi- 
tions were developed. This procedure involved a method 
of attack similar to that suggested here by Dr. Adams 
and was discussed in a paper before the American Physi- 
cal Society last December and was reported again at the 
Symposium on the Welding of Casing at the New Orleans 
meeting of the American Petroleum Institute in May. 
My own contribution was also presented at that same 
Symposium. Given the cooling curve of an arc-welded 
joint, the problem is that of ascertaining what metal- 
lurgical factors determine the weldability of a steel under 
those conditions. There are several methods of attack- 
ing this problem but I should like to present the one 
utilizing the well-known S curves which were also men- 
tioned by Dr. Adams. It is the upper branch of the S 
curve that is of importance here. This reminds me that 
some have mentioned a relation between weldability and 
hardenability. Tests which metallurgists run on harden- 
ability relate to quenching velocities which are rapid 
enough to pass the steel past the nose of the S curve 
without producing the transformation to pearlite. This 
is altogether too fast a rate of cooling for studies of 
weldability and from the shapes and positions of the up- 
per branches of the S curves it is clear that a rating of 
steels according to hardenability might vary considerably 
from a rating of the same steels according to the tem- 
peratures and rates of transformations to pearlite, or, in 
other words, according to the particle size or hardness 
of the transformed pearlite. In Mr. Hodell’s problem, 
for example, the time difference between the beginning 
and ending of the transformation to pearlite is of great 
importance and this point would be missed by studies of 
hardenability. On this account data that the metal- 
lurgists have accumulated on hardenability would not 
apply here. 

By replotting the cooling curve of Mr. Hodell on the S 
curve, as I did here, a curve is obtained from which the 
“transformation curve” can be obtained. For the details 
of this procedure I would refer to the paper which I pre- 
sented at the American Petroleum Institute. The point 
at which this transformation curve intersects the S curve 
(beginning of transformation) shows the temperature 
(and time) at which the steel begins to transform when 
cooling after arc welding. The S curves of a particular 
steel would show how sluggish the steel is at this tempera- 
ture or the length of time it would have to be held in this 
neighborhood to transform completely to the soft 
pearlite. Some idea could also be obtained as to the 
hardness of the steel after the transformation and this 
could be correlated to the brittleness of the welded joint. 
A consideration of these points shows that the weldability 
of a steel is directly related to the two S curves of begin- 
ning and ending transformation to pearlite. In the case 
of Mr. Hodell’s work on welding casing in the hole it is 
also clear that an advantage in weldability would be ob- 
tained by using a steel whose beginning and ending S 


* Battelle Memorial Institute, Columbus, Ohio. 
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curves lie close together rather than far apart. If they 
lie close together that shows that the steel transforms 
quickly once the transformation hasstarted. From this 
it is clear, and again Dr. Adams has emphasized this 
point that an important contribution to the problem of 
the weldability of steels would be made were we to have 
the S curves for those steels which are important to the 
welding industry. An equally important contribution 
would be the use of Dr. Bruce’s methods to determine 


the rates of cooling for the various welding conditions 
which are encountered in practice. With these two 
complementary sets of data we could match steels and 
welding conditions in a much more satisfactory way to 
secure the desired properties and avoid difficulties. This 
line of reasoning makes it clear that the actual welding 
conditions are equally as vital to the general problem of 
weldability as are the metallurgical characteristics of 
the steel being welded. 


Peening of Gas Welds 


By GEORG CZTERNASTY 


ENSILE, bend and notch-impact tests were made 

i on oxyacetylene welds 22 inches long in plates 

0.59 inch thick, 14 inches wide. The welds had 

about the same composition as base metal, and were of 

V butt type with seal bead. The welds were tested in 
four conditions: 


(1) As-welded. 
(2) By means of a gas flame the weld and its vicinity 


(3) Same as 2, except that the temperature was be 
tween 700 and 800° C. (surface temperature), at which 
recrystallization was more complete than at 650-700" C 

(4) Same as 3, except that the specimens were nor 
malized after rolling. 

The results, Tables 1 and 2, show that tensile strength 
and particularly the notch-impact value are raised by 
rolling. The scatter among the results of the three or 
four specimens of which the tabulated values are aver 
ages was less for rolled specimens than for as-welde: 
specimens. Examination of the microstructure reveale 


Table 2—Effect of Rolling Oxyacetylene Welds in Steel 0.59 
In. Thick Containing 0.19 C, 0.73 Mn, 0.38 Si, 0.048 P, 0.0418 


was heated slightly above the recrystallization tempera- Rolled 
: ture, that is, to 650-700° C. measured on the surface. Rolled Rolled at 
The weld reinforcement then was rolled flush with the at _at = 700-800° C. 
plate. The percentage reduction in thickness of weld 
metal varied from 18 to 28% owing to irregularities in 
the surface of the weld. The plate itself was not rolled 50.000 2.400 48.500 43,000 és 
2 after welding. The welds cooled in still air after rolling. Tensile strength, ms 
3 rhe operation was performed rapidly to prevent coarse Ib./in.? 76,300 78,300 78,000 75,000 
recrystallization. — 180 180 180 
e 10n, 
- % 19 27 25 24 M 
a value, mkg./cm.? 5.8 13.3 15.1 15.1 
Table 1—Effect of Rolling Oxyacetylene Welds in Steel 0.59 Con: 
a In. Thick Containing 0.11 C, 0.43 Mn, 0.024 P, 0.036 S q Unwelded base metal had a tensile strength of 71,000-72,5/ pti 
./in. 
t 700-800° C. . 
4 as 650- 700- Tan . that the coarse grained structure of as-welded specimens Tip | 
2 Welded 700°C. 800°C. Normalized was replaced by uniformly fine grained structure in all Curt 
a Yield strength, rolled specimens. Similar results were secured with a Oxy 
. ae, ‘ 33,800 43,400 42,400 31,900 steel containing 0.14 C, 0.55 Mn, 0.22 Si, 0.04 S, 0.036 P Sp 
ensile strength, Di: 
ib /in? 55,200 60,500 59,500 «53,800 Radiographs of all welds rev ealed no defects. 
7 Bend elongation at It is clear that the beneficial effects of rollings are duc Shi 
e _ 180" C. o4 of 53 49 to recrystallization, not to sealing of porosity. To secure Co 
value, mkg./cm. 4.9 2.9 16.3 17.6 rstallization PREH 
at a temperature a little above the recrystallization 
: Tensile specimens were 0.79 in. wide; bend specimens were temperature. The irregular results obtained by manual PREH 
1.2 in. wide; the section back of the notch of the notch impact : d % eldine { a lack of trol over Hv 
: specimens was 0.59 X 0.59 in. peening during welding are due to lack of control over a 
bs temperature and extent of deformation. For thin plates a 
——= manual peening is satisfactory if the reinforcement Nat 
ie pa sufficient and the proper temperature is maintained with x 
* Abstract of “Die Rekristallisationsvergiitun yon Gasschweis zen,”’ ick ; ; ; scary TO 
published in Warme, 63, No 2, pp. 13-23, Jan 13, 1940. The author is 2 torch. For thick plates mechanical peening is necessary 
ff director of Technischer Uberwachungs-Verein, Frankfurt (Oder) Germany, to secure the proper amount of deformation. A water 1 
ate and presented the paper at a welding meeting of V DI, Jan. 10, 1940. The Idi hi be d d f h se Ber 
pie experiments were supported by the Technical Inspection Society of Berlin. gas weiding machine may a apte or the purpos Ga 
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OXYGEN CUTTING OF STEEL 


Part II—Oxygen Cutting Procedure 
A Review of the Literature to January 1, 1939 


By W. SPRARAGEN* and G. E. CLAUSSEN' 


This report is prepared under the auspices of 


THE LITERATURE DIVISION OF THE ENGINEERING FOUNDATION 


WELDING RESEARCH COMMITTEE 
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Summary 


CUTTING PROCEDURE (SPEED) 


Machine Cutting (up to 12 Inches Thick) 


Average cutting speeds and gas consumptions are given 


in the following table: 


Total Gas Consumption, 


Thickness, Cutting Speed, Cu. Ft./Hr. 
Inch Ft./Hr. Oxygen Acetylene 
1/, 110 70 15 
1/, 92 104 18 
1 66 166 21 
2 47 245 27 
6 27 500 40 


12 16 925 55 


Manual Cutting 


Attainable speeds at recommended adjustments for 
manual oxygen cutting are summarized below: 


Plate Cutting Gas Consumption, 
Thickness, Speed, Cu. Ft./Hr. 

Inch Ft./Hr. Oxygen Acetylene 

95 50 14 

85 90 18 

1 55 146 24 

2 31 206 28 

4 25 372 35 

12 9.5 840 40 


It has been found that the lowest oxygen consumption 
per unit length for a given thickness is secured under con- 
ditions that utilize the maximum amount of oxygen as 
iron oxide. However, the minimum degree of oxidation 
of the slag, which occurs at maximum critical cutting 
speed (practically zero drag) is secured with larger 
nozzles than those yielding peak utilization percentages. 
As the critical cutting speed is reduced by reducing 
the tip diameter a larger proportion of iron from the 
kerf is given the opportunity to oxidize. However, the 
kerf is narrower and the hourly delivery of oxygen from 
the orifice is smaller, both factors tending to overbalance 
the effect of decreased cutting speed. In the interest 
of economy the drag should be as long as possible without 
leaving objectionable uncut corners. 

If the speed of cutting is increased, the hourly oxygen 
consumption for a given tip diameter and drag is nearly 
proportional to the speed of cutting, which applies to 
drag not too near the minimum and to speeds not too 
near the maximum possible. 


OXYGEN PURITY 


Impurities in the cutting oxygen have a particularly 
bad effect on cutting speed and oxygen consumption per 
unit length. Several investigators have recommended 
torch adjustments and cutting speeds applicable for 
low-purity oxygen. Impure oxygen detracts from the 
appearance of the cut. Adherence of slag to the bottom 
of the cut is troublesome with oxygen of 98.0-98.4% 
purity. 

Although nitrogen was the major impurity present 
in the oxygen used by most investigators, there seems 
to be no appreciable difference if the impurity is water, 
hydrogen or carbon dioxide, in the amounts investigated. 


ACETYLENE PURITY 


Acetylene purity is relatively unimportant in oxygey 
cutting. 


TIP SIZE 


Recommended tip size increases with increase in thick. 
ness. Increasing the tip size raises the cutting speed at 
the expense of oxygen consumption and width of keri 
Other conditions remaining the same, a decrease in tip 
size greatly increases the drag. Increase in pressure and 
decrease in cutting speed reduce the drag, according to 
expectations. Cutting speed had little influence on oxy. 
gen consumption per unit length with the thinner plates, 
but with the plate 2 inches thick oxygen consumption 
per unit length decreased in direct proportion as cutting 
speed was increased. 


TIP DISTANCE 


One of the difficulties in employing too short a tip 
distance is the rounding of the edges of the kerf as a 
result of melting. Furthermore, the flame may be 
reflected on the tip and may damage it, or the upper 
part of the cut may be carburized. If tip distance is 
excessive, the kerf is wider at the top than at the bottom 
Excessive tip distance reduces the cutting speed. 


PREHEATING FLAME 


The primary purpose of the preheating flames of a 
cutting torch is to raise the temperature to the ignition 
point in starting the cut. Once the cut is started there 
ordinarily is no need of preheating flames, as in lance 
cutting. For all but relatively thick material, however, 
preheating flames are required to maintain uniformly 
high-speed cutting. Most authorities recommend a 
neutral flame with the cutting oxygen valve open. 

Since the maximum oxyacetylene flame temperature is 
reported to be attained at an oxygen-—acetylene ratio oi 
1.46 or 1.7 to 1, it is natural to expect that the preheat- 
ing time will be shorter for an oxidizing flame than for 
a neutral flame. 

The proportion of the total heat evolved in oxygen 
cutting that is supplied by the preheating flame may be 
greater than 50% in steel less than '/, inch thick, but 
less than 10% in steel 6 inches thick. The acetylene 
consumption per unit length required to produce smooth 
cuts increased linearly with thickness ard was nearly 
independent of the diameter of the cutting orifice 
The consumption of cutting oxygen per unit time is com- 
pletely independent of the intensity of the preheating 
flame. 


PREHEATING FUELS 


The literature reveals that a great many fuels may be 
substituted for acetylene in oxygen cutting, but apart 
from cost, which is essentially a local consideration 
there is scant technical basis for their preference ove! 
acetylene. The major disadvantage of fuel gases other 
than acetylene is the high ratio of preheating oxyger ‘° 
fuel. 
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HYDROGEN 


Before acetylene was developed commercially, hy- 
drogen was used for oxygen cutting. At present, 
hydrogen is preferred for underwater cutting and is 
advantageous for heavy cuts from 20 to 40 inches thick. 
The long hydrogen flame maintains the oxide fluid at 
the bottom of the cut, thus keeping the kerf clean. 


Cutting Speed 


The cutting speed is approximately the same with 
hydrogen as with acetylene, according to most authori- 
ties. Impurities in the cutting oxygen reduce the speed 
of oxyhydrogen cutting to about the same extent as they 
reduce oxyacetylene-cutting speed. Preheating the 
cutting oxygen and steel increased the cutting speed. 


CITY GAS 


City gas has been widely used in a few industrial 
regions, notably the West of Scotland, where economic 
factors were favorable. The mechanical properties of 
oxy-city gas cuts in mild steel are practically the same 
as oxyacetylene cuts. Oxy-city gas cuts in thin material 
are likely to be smoother and sharper than oxyacetylene, 
according to a number of writers. The speed of cutting 
with city gas as compared with acetylene has been found 
to be somewhat slower by most authorities. All authori- 
ties agree that the preheating time is longer with city gas 
than acetylene. 


Gas Consumption 


Low calorific value and low flame temperature account 
for the high consumption of city gas in oxygen cutting. 
Although the theoretical ratio of oxygen to city gas is 
less than unity, the high consumption of city gas entails 
a correspondingly high consumption of oxygen for pre- 
heating. 


PROPANE 


One of the first fuels for oxygen cutting to be patented 
was propane, C;Hs. The relative merits of the use of 
propane compared with acetylene have been set forth 
in the literature. Much depends on local conditions 
and the control of the variables. Good commercial 
cuts can be obtained with propane provided suitable 
torches are used, together with proper technique. The 
speeds are comparable with those obtained with acety- 
lene. In one type of application, namely, rusty parts or 
scrap, advantage is claimed for the propane because there 
is less back-firing. 


APPEARANCE OF CUT 


Drag 


Drag is the distance the bottom of a cut lags behind the 
top or torch side. Drag increases at first slowly then 
more rapidly as the cutting speed is increased, other 
variables being maintained constant. Drag can be 
reduced in two ways: (1) by an increase in oxygen 
pressure within limits; (2) by decreasing the cutting 
speed. The first method is to be judiciously employed, 
ii at all, for the steel in the cut is cooled, whereas the 
second is effective in increasing the concentration of un- 
combined oxygen and in narrowing the kerf without 
cooling the steel in the cut. 


Starting with optimum conditions recommended by 
the cutting table for the torch, if the cutting speed is 
increased, drag is increased, and successive stages are 
reached at which first the final corner is uncut and then 
the cut fails to penetrate. Irregularities in the shape of 
the drag lines that are produced by segregations in the 
plate are accentuated as the cutting speed is increased. 

The quality of the lower edges of a cut is determined 
by the oxide that flows from the kerf. The manner in 
which the slag flows from the kerf is an indication of 
conditions during heavy cutting. Good cutting pro- 
cedure produces a fan-like spray of sparks, hugging the 
bottom surface, drooping at the outer edges and issuing 
from the leading edge of the kerf in a forward direction 
and to both sides. Just to the rear of this spray of 
sparks is the heavy slag, clinging to the bottom of the 
cut and lazily dropping in large globules. 


Precision 


Machine Oxygen-Cutting Tolerances. 


Thickness, Inch Cross-Cut Tolerance, Inch 


1 «(0030 
4 +0). 0175 
6 #() O312 (4/50 


Width of Kerf 


The width of the kerf is the distance between the two 
surfaces of the cut. Under favorable conditions keri 
width is constant at all sections through the thickness. 
Kerf width is a measure of the ampunt of iron removed 
by the cutting jet and must be known in advance tor 
precision cutting. Rule-of-thumb allowance for kerf 
width in machine cutting is 1'/, to 2 times the diameter 
of the cutting orifice for thicknesses over 6 inches. For 
thinner material the kerf width may be assumed the same 
as the diameter of the cutting orifice. The bottom of the 
kerf is much wider than the top if the cutting speed is 
too high, and the opposite condition is created if the 
cutting oxygen pressure is too low. Impurities in the 
oxygen acted in the same direction as inadequate oxygen 
pressure to narrow the kerf at the bottom. 


PREHEATING THE STEEL 


It is common practice to preheat higher carbon 
and alloy steels at 320-600° C. to prevent hardening and 
cracking during oxygen cutting. In addition to its 
metallurgical effects, preheating reduces the oxygen 
consumption per unit length of cut. With an oxyhydro- 
gen torch the cutting speed was increased 26 to 38% and 
the oxygen consumption was reduced 23 to 41% by 
preheating steel 0.79-1.57 inches thick to 600° C. 


INSTRUCTIONS 


Special procedures have been developed for heavy 
cutting, piercing holes, pipe, riser and rivet cutting, and 
for bevel, overhead and stack cutting. 


COST 


Conditions for most economical oxygen cutting are: 
(1) drag no shorter than is absolutely necessary; (2) 
as small a tip as possible, even at the sacrifice of cutting 
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speed; (3) the oxygen pressure must be so high, consis- 
tent with the assigned drag, that either (a) additional 


pressure and speed yield no greater economy or (0) 


additional pressure grooves the cut excessively. The 
relationships will depend on the relative costs of the 
gases. 


Oxygen Cutting Procedure 


INTRODUCTION 


Like any other commercial process, oxygen cutting is 
influenced by a number of variable factors. It is the 
purpose of the present review to summarize information 
in the literature on the major variables. Although 
oxygen cutting embraces the removal of metal in the form 
of a slag, the principal part of the review will be confined 
to cutting steel with an oxygen torch provided with 
oxyacetylene preheating flames. Both machine and 
manual cutting are considered, the former receiving the 
greater emphasis. Separate reviews have been allotted 
to special subjects, such as cutting non-ferrous materials, 
and lance and underwater cutting. Particular effort 
has been made to emphasize the characteristic influences 
of each variable on the cutting process. Practical ex- 
perience and planned experiment or research are in- 
timately mixed in the review and, while confirming 
each other in many respects, are sufficiently at variance 
to suggest that the oxygen-cutting process, unlike many 
other metal cutting processes, has not attained the 
limit of technical advance. For those desiring an au- 
thoritative statement of the present status of the theory 
and practice of oxygen cutting two recent articles by 
Crowe and Deming! should be consulted. 


CUTTING PROCEDURE (SPEED) 


Before an examination is made of each cutting variable, 
it is advisable to survey existing recommendations for 
speed, torch adjustment and gas consumption. It is 
assumed that the values recommended by each authority 
are averages, departure from which depends upon con- 
siderations of economy, type and quality of cut and 
availability of the most favorable tip. 


Machine Cutting (up to 12 Inches Thick) 


The recommendations of a number of authorities, 
Table 1, are not in particularly good agreement. Speed 
and pressure and consumption of cutting oxygen for a 
given thickness vary about 100% among the different 
recommendations. These large variations seem to be 
characteristic of all cutting tables, and reflect the varied 
conditions of operation (drag, etc.) contemplated by the 
different authorities. Apparently the large differences 
in performance among cutting torches found in 1922 by 
Johnston® and in 1923 by Owens” still exist, if to a lesser 
extent than formerly. Owens, for example, stated that 
of four manufacturers, one used oxygen at 13 lIb./in.? 
in cutting steel 1 inch thick, another used 30 Ib./in.* 
and two used 35 Ib./in.? Cutting speeds likewise vary, 
Maeurer"™ having achieved a speed of 140 ft./hr. in 
1922 in machine cutting mild steel */, inch thick (no 
details). The minimum speeds recommended by de 
Jessey*"® were 82, 34 and 18 ft./hr. for thicknesses of 
0.20, 2 and 10 in., respectively. In practice up to 25% 
higher speeds might be used. 

The recommended ranges of cutting speeds vary so con- 


siderably (see Fig. 4 of the article in Welding Hand- 
book by Crowe and Deming') that only two formulas of 
doubtful applicability have been suggested. Daniel 
and Durant’s formula is: 


log S = 1.69 — 0.41 log T 


cutting speed, ft./hr. 
thickness, inch 


where 


7 


The conditions to which the formula applies were not 
stated explicitly. De Jessey’s*!® formula is: 


— 4) = 


where A and B are constants, B being a function of the 
nozzle diameter. In other words, the plot of thickness 
versus speed for a given tip is a hyperbola. Crowe and 
Deming'*® in 1928 showed that for material not over 2 
inches thick the most economical cuts at ‘“‘standard’”’ 
drag were made at higher speeds than the highest 
quality cuts, ‘‘standard’”’ drag being the maximum pos- 
sible drag that would not result in an uncut final corner. 
For material 4 inches thick and over, the most economical 
speed was slightly less than the speed yielding the highest 
quality cut. In other words, drag rather than speed 
determines quality and economy. 


Heavy Cutting (over 12 Inches Thick) 


Aside from scrap cutting, heavy cutting is done by 
machine, recommended adjustments for which are given 
in Table 2. The irregular gas consumptions quoted by 
Riviére’® indicate that he sacrificed gas economy for 
speed in some of his cuts. The thickest cut made by 
Schneider"? was experimental, which accounts for the low 
speed and high oxygen consumption. 


Manual Cutting 


Recommended speeds and adjustments for manual! 
oxygen cutting are summarized in Table 3. Compared 
with Table 1, the gas consumptions are higher and th« 
cutting speeds lower than for machine cutting. Holler 
and Schneider** report 5 to 10% higher speeds in ma- 
chine cutting than in manual (steel up to 12 inches thick 
whereas Johnston’ in 1922 found machine cutting 
25% faster than manual on steels '/2 to 10 inches thick 
For steel 0.20 to 2.0 inches thick de Jessey recommends 
‘/sand */; as high speed, respectively, for manual cutting 
as for machine cutting. A manual cutting speed of 1% 
ft./hr. was achieved by R6thlin*® in sheet 0.04 inch thick 
The use of smaller tips for thick than for thin steel by 
Rogers'® in Table 3 is unusual and was not explained. 

The recommendations of the British Oxygen Compan) 
Table 3, have not changed to any extent since 1912 
In fact, early torch-cutting operations were performed 
with about the same speed and gas consumptions as 
manual cuts today, Table 4, despite the use of oxygen 
of lower purity. However, the quality of the early 
cuts was inferior. The high oxygen pressures recom- 
mended by Davis** in 1908 were found to be disadva! 
tageous and were replaced later by low pressures. 
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CUTTING-OXYGEN PRESSURE 


[he recommended pressure for the cutting oxygen, 
lables 1 to 3, increases as the thickness increases. Ac- 
cording to Riviére,® the following formula applies. 


= aVT 


where P = cutting oxygen pressure, Ib./in.? measured 
at the torch 


P 


T = thickness to be cut, inch 


a = constant = 


36 for torches of a French firm 


(according to de 


varies from 21 t 
36 for French t 
increased). 


Riviére’s relationship fails t 
mendations of Crowe and 
For a given thickness and 


the constant decreased 


Jesseyv, the 
» 57, but is between 29 and 


constant 


rches. For a given torch 
as the tip diameter 


0 approximate the recom 
Deming, among others 
speed the pressure recom 


mended by Crowe and Deming' decreases as the diameter 


of the cutting orifice is increased. As 


Rothlin®® pointed out, exces 


Johnston’ and 
sive oxygen pressure leads 


Table 1—Machine Cutting Table Based on Recent Recommendations of Eight Authorities for Oxygen Cutting Unpreheated 
Clean Mild Steel Up to 12 Inches Thick 


Thick- 
ness 
of 
Plate 
Inch Reference 
0.08 Schimpke-Horn? 
0.12 Schimpke-Horn? 
0.12 Shibata* 
Mathy* 
0.16 Hessler® 
0.20 Riviére® 
0.20 Schimpke-Horn? 
1 


«  Crowe-Deming! 


Intnl. Acet. Assn.’ 
Mathy* 

Helsby® 

Shibata® 

0.39 Schimpke-Horn? 
0.39 Riviére® 

0.39 Hessler® 

0.47 Riviére® 
0.47 Shibata® 

‘/,  Helsby® 

1 


2 Crowe-Deming! 


Intnl. Acet. Assn.? 
'/,  Mathy* 


Mathy* 
l Intnl. Acet. Assn.’ 
l Crowe-Deming! 
l Riviére® 
l Hessler® 
l Helsby*® 
l Shibata’ 
1.18 Schimpke-Horn? 
2 Schimpke-Horn? 
2 Riviére® 
2 Shibata® 
2 Intnl. Acet. Assn.’ 


Crowe-Deming! 


6 Crowe-Deming! 

6 Intnl. Acet. Assn.’ 
6 Shibata® 

6 Riviére® 

6 Schimpke-Horn? 

6 Hessler® 


6 Helsby*® 


12. Schimpke-Horn? 
12 Helsby*® 

12 Riviére® 

12 Intnl. Acet. Assn.’ 
12 Mathy‘* 


surfaces or low-grade steel. 


Cutting 
Speed, 
Ft./Hr. 

49 
65 
LOS 

110-160 

88-98 


100 


105-140 
100-140 
80-120 


90-130 
85-120 
70-96 
65-95 


70 


45-60 
50 


25-35 
30 
32 
19.5 
24-29 
20-28 
12.2 
17-20 
16.3 
13-18 


11-17'/, 


Mathy*—oxygen consumptions include preheating. 


Riviére® 


Helsby® 


cutting oxygen pressure measured at machine manometer. 
Schimpke-Horn*—averages of three German manufacturers. 
the range of cutting speeds includes profile as well as straight cuts 


age speed applies to oxy-coal gas torches. 
Crowe-Deming'—very conservative. 


rately, 


It has been assumed that they measured both together. 


Diameter Distance 


of Width from 
Gas Pressure, Lb./In.? Gas Consumption, Cu. Ft./Hr Cutting ol rip to 
Cutting Preheating Gas Total Preheating Gas Orifice, Kerf, Plate, 
Oxygen Oxygen Acetylene Oxygen* Oxygen Acetylen Inch Inch Inch 
ree 28 10.3 
45-55 
28 2.8 42-47 0 O55 0 ON 
28 21 46* 12.5 9.5 0.039 0.079 
50 10.1 
30 0.038 
\20 0.042 
20-35 45-55 11-17 0 .025—0. 039 
50-93 bins 
55-70 20-25 15-18 0.08 
25.6 0.039 
43 21 59* 12.4 9.6 0.039 0.079 
50 2.8 61-80 ae 0.079 0.12 
47 21 63* 12.5 9.5 0.039 0.079 
80-95 20 16-20 0.10 
\30 0.055 
30-55 105-126 15-22 0.031-0.039 
66-125 
130-175 
40-55 158-174 21-24 0.038-0.0595 
\45 0.0595 
37 14 128* 19 15 0.059 0.11 
60 2.8 126-154... 0.083 0.12 
. 170-210 25-30 20-25 0.10 
36 0.059 
150 15 
220 29 ¢ 
37 14 awe 220* 32 24 0.079 0.14 
45-60 248-260 27-33 0.0465-0.0595 
{55 0.0595 
50 0.067 
(60 0.090385 
50 0.098 
65-75 479-542 36-47 0 .0670-0. 0785 
47 14 _— 380* 49 38 0.098 0.17 
114 7 550-670 0.18 3 
350-450 40-45 37-42 ). 22 
730 34 
1100-1300 50-60 0.275 
83 57 s00* 82 63 0.118 0.20 
105-140 835-949 50-70 0 1065—0.110 
720-880 
International Acetylene Association’—lowest speeds and highest gas consumptions apply to inexperienced operators, short cuts, dirty 
Preheating oxygen pressure measured at tank regulator 
Up to a thickness of 6 inches the lower half of the aver- 
* In quoting oxygen consumption, most authorities do not state whether they measured cutting oxygen and preheating oxygen sepa- 
The measurements quoted by Riviére® in the column headed “Total 


1940 


Oxygen” refer to cutting oxygen alone. 
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Table 2—Recommendations for Heavy Machine Cutting se 
Thick- Diameter SI 
ness* of Width 
of Cutting Gas Pressure, Lb./In.? Gas Consumption, Cu. Ft./Hr. Cutting of 
Plate, Speed, Cutting Preheating Gas Total Preheating Gas Orifice, Kerf, S} 
Inch Reference Ft./Hr. Oxygen Oxygen Acetylene Oxygen Oxygen Acetylene Inch Inch fir 
14 Helmkamp'* 12'/,-16'/, 105 8 1045 55 0.110 T 
15.7 Riviére" 19.5 114 71 7 2480 330 330 wae 0.39 it 
16 Helmkamp!* 12'/,-15 110 9 1360 60 0.1285 
18 Helmkamp"* 12*/,-15 120 10 1680 65 0.1495 
19.7 Riviére'® 18 128 100 11 2880 383 383 cea 0.39 
20 Mathy‘* 7*/2-15 1155- 
2050 
23.6 Riviére'® 16 142 140 14 4100 460 460 ee 0.51 
25.6 Riviére'® 13 170 140 14 3800 450 450 bake 0.59 B 
31.5 Schneider” 8.5 2430 to 
Riviére“—pressures measured at torch. Entries in column headed ‘‘Total Oxygen” are cutting oxygen only. The oxygen consump- te 
tions quoted by Riviére were determined in the course of relatively short cuts in which the length was of the same order as the thickness ox 
To secure perfect cuts the speed was decreased at the end of the cut, which raised the oxygen consumption considerably. It is estimated 
by L. de Jessey (private communication, July 1939) that the consumption of cutting oxygen neglecting the initial and final stages of th: 
cut, was approximately 88 cu. ft./hr. per inch of thickness, that is, 2250 cu. ft./hr. for sections 25.6 inches thick. by 
Helmkamp!'*—the oxygen consumption includes preheat oxygen; two regulators in parallel; pressures measured at regulators pr 
Walker'*—pressure measured at regulator; water-cooled torch. su 
= = = = = — — = 
Table 3—Manual Oxygen-Cutting Recommendations for Unpreheated, Clean Mild Steel TI 
Thick- Diameter Distance 
ness of from we 
of Cutting Gas Pressure, Gas Consumption, Cutting Tip to a 
Plate, Speed, Lb. /In.? Cu. Ft./Hr. Orifice, Plate, cu 
Inch Reference Ft./Hr. Oxygen Acetylene Oxygen Acetylene Inch Inch tic 
Rogers (1920) 10 3 42 12 0.098 
0.20 Schimpke-Horn?-*° 48 28 (18.5) re 34 (26) 7(6) . 0.032 pr 
0.20 Soudeur-Coupeur?! 65 21 s 42 10 0.024 pe 
British Oxygen Co.** (1922) 65 24 48 0.031 res 
V/, British Oxygen Co.** (1933) 70 20 pe 42 16 0.031 16 qu 
Intnl. Acet. Assn.’ 80-140 20 50-55 10-17 0.031-0.039 = 
i/, Rogers” (1920) atic 20 3 55 12 0.098 th 
0.39 Soudeur-Coupeur®! 49 21 64 10 0.039 th: 
0.39 Schimpke-Horn?” 39 43 (28) 50 (42) 8 (7) 0.032 
Rogers” (1920) 20 3 84 0.086 
British Oxygen Co.?? (1922) 60 28 60 0.031 
British Oxygen Co.?* (1933) 60 25 50 20 0.031 
Intnl. Acet. Assn.’ 60-130 30 66-126 11-22 0.031-0.039 pr 
V/s Mathy* 63-110 125 lit! 
l Mathy* 45-86 175 Tt 
1 Intnl. Acet. Assn.’ 45-70 35-40 136-158 24-29 0.038-0.0595 
1 Soudeur-Coupeur?! 33 28 s 115 13 0.059 
1 British Oxygen Co.** (1922) 40 32 88 0.0625 = 
1 British Oxygen Co.** (1933) 48 35 150 24 0.0625 
Rogers (1920) 30 4 142 19 0.067 
te 2 Schimpke-Horn?»”” 29 71 (66) a 180 (170) 18 0.059 Th 
British Oxygen Co.** (1922) 25 45 125 0.0625 
2 British Oxygen Co.?* (1933) 30 45 me 190 28 0.0625 t/s I 
2 Intnl. Acet. Assn.’ 28-45 45-50 -3 231-248 31-33 0.0465-0. 0595 
2 Soudeur-Coupeur?! 23 50 én 180 20 0.079 
4 Intnl. Acet. Assn.’ 20-28 60-65 aa 339-388 38-42 0.0550—0. 0785 
4 Mathy* 21-41 384 Up 
4 British Oxygen Co.*? (1922) 20 58 300 0.0625 
4 British Oxygen Co.?* (1933) 20 60 ea 230 36 0.0625 U/s ( 
4 Schimpke-Horn?*»”” 24 107 i 320 (310) 29 (27) 0.059 
4 Rogers” (1920) cue 70 5 356 30 0.0595 
12 Schimpke-Horn?® 13 157-185 780 (650) 36 (43) 0.079 
12 British Oxygen Co.** (1922) 13 125 650 0.109 Ov 
12 British Oxygen Co.** (1933) 8 120 0.109-0. 125 7/16 
12 Mathy*‘ 6'/2-10'/» 880 
16 British Oxygen Co.** (1933) 5 180 0.125 
7 British Oxygen Co.?? (1922) 12 130 1350 0.125 3/, 
Schimpke-Horn*”—values in parentheses are given only in the 1928 edition. 
L’Office Central de l’Acétyléne?*—same as Perun (Polish) Welding Handbook (1938, p. 308). 
British Oxygen Company” (1933)—-oxygen pressure was measured at regulator. C 
British Oxygen Company”? (1922)—same as Murray*™! (1912), Christie (1916) and Engineering (1924). I 
International Acetylene Association’—no recommendations for manual cutting steel thicker than 6 inches. | 
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to undercutting, because the oxygen jet flares out (see 
section on Oxygen Nozzles). Excessive oxygen pres- 
sure also may cause irregularities in the cut,”’ whereas 
the symptoms of inadequate pressure are the absence of 
sparks and the formation of holes filled with super- 
ficially oxidized iron that has melted during cutting. 
The effect of oxygen pressure on cutting speed was 
demonstrated by Schimpke and Horn.*® To cut 3.26 
ft. of steel plate 1.57 inches thick required: 


10 minutes at 7 Ib./in. 
7.5 minutes at 14 Ib./in. 
5.9 minutes at 28 Ib./in. 
4.8 minutes at 57 Ib./in. 
4.8 minutes at 71 Ib./in. 


ec to es to 


Still higher pressures increased the time. Consequently, 
the correct pressure was believed to be 64 Ib./in.* As 
Bainbridge** points out, cutting speed is not proportional 
to oxygen pressure. An increase of 10 to 15% in oxygen 
pressure may permit 40 to 50% higher speed in thin ma- 
terial, whereas in thick material an increase of 30% in 
oxygen pressure results in only 20% higher cutting speed. 

Comprehensive tests by Malz*® similar to those made 
by Schimpke and Horn showed that to secure a cut with 
practically zero drag there is a maximum oxygen pres- 
sure, called the ‘‘critical pressure’ by Malz, above 
which no further increase in speed is obtainable. The 
critical pressure, Fig. 1, increases as the thickness in- 
creases, but decreases as the cutting orifice is enlarged. 
The curves are not parabolic, as would be expected 
were a constant mass of oxygen required for all cuts in 
a given thickness. Instead the width of kerf and 
cutting speed varied widely with tip diameter (see sec- 
tion on Tip Diameter). Since the maximum jet di- 
ameter for a given orifice increased with increase in 
pressure, the existence of the critical pressure ap- 
peared to arise from the unusually broad kerf cor 
responding to the maximum jet diameter. It remained 
questionable whether inadequate jet energy, inadequate 
oxygen supply or thermal factors were responsible for 
the inability of extremely high-pressure jets to increase 
the cutting speed. 

The tips used by Malz,** Fig. 2, were provided with an 
enlarged chamber connected by means of a tube 0.032 
inch diameter with a manometer for measuring the 
pressure of cutting oxygen. The tip distance was a 
little less than usual in order to assure sharp edges. 
The tip distance was about 0.08 inch for plates 0.20- 


Table 4—Early Recommendations for Oxygen Cutting Mild Steel 


Thickness 
of Cutting 
Plate, Speed, 
Inch References Ft./Hr. 
Cravens*® (1914) 60 
Davis-Bournonville*! (1919) 
Up to }/, Davis” (1908) 60 
‘/, Smith*? (1910) 65 
0.32 Paris** (1914) 43 
1/5 Cravens® (1914) 48 
Davis-Bournonville*! (1919) 
to Davis” (1908) 50 
Over 1!/, Davis*™ (1908) 40 
2 Cravens* (1914) 34 
2 Davis-Bournonville*! (1919) 
4 Paris** (1914) 19.5 
6 Cravens*® (1914) 17 
6 Davis-Bournonville®! (1919) 
10 Davis-Bournonville*! (1919) 
12 Cravens®™ (1914) 10 


Cobleigh** (1909) used the same adjustments as Davis, but the cutting speed was 10 ft.//hr 


Davis-Bournonville*\—same as Rogers" (1920). 
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Fig. l—Maximum Cutting Oxygen Pressure at Which Zero Drag Can Be 
Maintained in Six Different Thicknesses of Mild Steel (0.20 to 3.15 Inches) 
Using the Tips Shown in Fig. 2. The Diameter of the Tip Is the Mini- 

mum Diameter,d. Malz*’ 


0.79 inch thick, 0.11 inch for plates 1.18 inches thick and 
0.16 inch for plates 2.4-3.2 inches thick. Cutting oxy- 
gen was 99.5% pure and its temperature, measured about 
1 foot from the tip, was 18 to 33° C. Three oxygen 
cylinders were manifolded, the regulator being heated 
to prevent freezing. An effort was made to maintain 
the same preheat intensity in all tests on a given thick 
ness. However, to secure smooth cuts with some of the 


Oxygen Pressure, Gas Consumption, Cu. Ft./Hr 


Lb. /In.? Cutting Preheat 

Cutting Preheat Oxygen Oxygen Acetylene 

27 7 

10 42 12 

125 14-18 60 15'/, 12 

49 

About 50 R5 21 

63 

20 S4+ 12 

125-150 14-18 75 12 

150-175 18-22 O5 23 LS 

400) 16 

50 202 20 

128-285 480) 2 

- 440) 28 

90 600 31 

150 LOOS 31 

33 


less than Davis 
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Table 5—Results of Cutting at the Maximum Speed That Produces Practically Zero Drag. Maiz”’ 


Volume 


o 
Oxygen Oxygen Consumption 
Amount Combined Calculated Prod 
Diameter Distance Pressure Average of Iron in Slag, from 
Phickness of from Critical of Width Repre Cu. Ft Composi- Measured Measured Com 
of Cutting Tip to Cutting Cutting of sented by per Lb tion of in Tests, in Tests Heat Produced by 
Plate, Orifice Plate Speed, Oxygen, Kerf Slag Iron in Slag Cu. Ft Cu. Ft Preheating Flamet te 
Inch Inch Inch Ft./Hr. Lb./In Inch Lb./ Ft Slag Cu. Ft./Ft Ft Hr B.t.u./Hr. B.t.u./Ft. Bt 
0.39 0.020 0.059 $6 175 0. O71* 0. O81 3.66 0.292 1.16 47.2 10,700 265 177 
0.39 0.024 0 O79 51 146 0 047 1.18 61.0 
0.39 0. 028 0.079 at 128 0.065 1.22 73.8 
0.39 0.032 0.079 0.070 0.096 3.45 0.327 1.29 85.7 198 
0.39 0.035 0.079 73 100 0.071 1.34 98.7 15,300 211 
0.39 0,039 0 O79 0.077 0.107 3.30 0.349 1.43 111 
0.39 0.043 0 O79 81 78 0.085 1.51 122 
0.39 0.047 0.079 85 71 0.083 0.118 3.19 0.372 1.61 135 15,900 189 22 
0.39 0.055 0.079 80 64 0.096 0.128 3.10 0.393 1.79 160 15,500 177 238 
0.39 0.063 0 079 92 50 0.104 0.139 3.04 0.418 2.00 184 14,800 171 254 
0.39 0.075 0.079 95 43 0.114 0.154 2.98 0.455 2.32 921 15,300 163 27 
0.39 0.089 0.079 o7 36 0.134 0.172 2.98 0.509 2.71 264 15,900 163 308 
0.39 0.104 0.079 0.150 0.193 2.98 0.574 3.22 313 S48 
0.39 0.116 0.079 95 28 0.158 0.210 3.04 0.634 3.67 350 15,400 164 183 
1.18 0.020 0.110 20 228 0.069 0.264 4.00 1.05 3.05 62.2 12,600 627 Ae 
1.18 0.024 0.110 30 185 0.055 2.51 79.5 15,800 {87 
1.18 0.028 0.110 39 164 0.065 2.49 97.7 15,800 389 
1.18 0.032 0.110 v4 142 0.072 0.312 3.76 1.16 2.56 115 16,500 3:2 703 
1.18 0.035 0.110 49 135 0.083 2.67 132 16,500 338 
1.18 0.039 0.110 53 121 0.083 0.343 3.63 1.23 2.75 150 18,500 341 750 
1.18 0.0438 0.110 54 114 0.100 2.88 166 16,500 290 
1.18 0.047 0.110 59 100 0.097 0.375 3.50 1.30 3.02 184 18,400 304 780 
1.18 0.055 0.110 64 85 0.126 0.417 3.41 1.37 3.33 218 18,500 292 832 
1.18 0.063 0.110 67 78 0.125 0.441 3.36 1.47 3.74 253 18,600 280 SRS 
1.18 0.075 0.110 69 64 0.144 0.490 3.31 1.61 4.45 306 18,500 268 973 
1.18 0.089 0.110 65 57 0.143 0.545 3.34 1.81 5.52 365 18,400 280 1090 
1.18 0.104 0.110 59 50 0.157 0.610 3.46 2.09 7.31 434 18,400 317 1255 
1.18 0.116 0.110 53 36 0.165 0.660 3.58 2.34 9.09 486 18,500 353 1420 
3.15 0.035 0.118 14 185 0.100 0.952 4.01 3.78 11.3 184 14,000 868 2300 
3.15 0.039 0.138 23 171 0.090 0.996 3.98 3.92 8.86 207 14,800 641 2390 
3.15 0.043 0.138 0.094 8.09 232 
3.15 0.047 0.158 32 146 0.089 1.08 3.87 4.14 7.93 256 21,300 670 2520 
3.15 0.055 0.158 37 121 0.102 1.16 3.82 4.40 8.08 304 24,500 660 2H) 
3.15 0.063 0.158 39 107 0.115 1.25 3.76 4.65 8.85 353 24,400 617 2831) 
3.15 0.075 0.158 39 96 0.133 1.38 3.70 5.06 10.8 426 25,400 650 3070 
3.15 0.089 0.158 34 78 0.136 1.53 3.73 5.64 18.2 510 21,300 643 $420 
3.15 0.104 0.158 22 64 0.162 1.69 3.80 6.37 26.0 608 18,300 793 ISRO 
3.15 0.116 0.158 20 57 0.166 17,900 1250 
* Tip distance = 0.079 inch for width of kerf test. Plates Used by Malz 
t Although they are not quite consistent, Malz's calculated results are given Thickness, : 
Note: Unlike most investigators, who reduced the oxygen volumes to 20° C. Inch oc % Mn % Si % P %S 
and 760 mm. mercury, Malz reduced them to 15° C. and 734.7 mm. mercury. 0.20 0.08 0.44 0,014 0.086 0.032 
The volumes quoted by Malz would be about 1.3% higher at 20° C. and 760 mm, 0.39 0.17 0.47 0.04 0.066 0.014 
which is a negligible amount. 0.79 0.07 0.38 0.019 0.100 0.051 
1.18 0.11 0.41 0.07 0.071 0.034 
2.36 0.12 0.44 0.03 0.079 0.041 
3.15 0.15 0.54 0.28 0.039 0.034 


nozzles it was essential to make slight changes in the pre- 
heat flame. Cuts 16 inches long were made in the plates, 
some of the results being summarized in Table 5. 

Besides cuts with zero drag, cuts in the plate 1.18 
inches thick were made with a single tip 0.035 inch di- 
ameter, tip distance = 0.11 inch, and varying drag, 
Table 6. It was impossible to increase the cutting speed 
beyond 79 ft./hr. by increasing the pressure, despite 
high oxygen consumption. The high pressures that 
were used are probably accounted for by the small 
orifice. 

The loss of oxygen pressure between regulator and the 
cutting orifice varied in Assmann’'s** tests from zero to 
6.2 lb./in.* as the cutting oxygen pressure for a series 
of tips was increased from 5 to 18.5 lb./in.2 According 
to expectations, the loss increased as the rate of flow was 
increased. The maximum loss in hose (17.3 ft. of 
rubber hose, 0.24 inch diameter), regulator and torch was 
1.6, 2.0 and 2.6 Ib./in.*, respectively. The pressure losses 
were measured by manometers during the machine 
cutting of steel */, to 12 inches thick. 


CONSUMPTION OF CUTTING OXYGEN 


The consumption of cutting oxygen per unit time, 
Tables 1 to 3, increases with thickness. The relation- 
ship between oxygen consumption per hour (average 
ranges suggested by a number of authorities) and thick- 


Table 6—The Effect of Cutting Oxygen Pressure on Cutting 
Speed and Drag. Malz” 


Tempera- 

ture of 

Cutting 

Oxygen 

About 

Cutting 1 Foot 
Oxygen Cutting Oxygen Consumption Before 
Pressures, Speed, Drag, Ca. Fe./ Ca Ft. the Tip, 

Lb./In.2  Ft./Hr. Inch Hr. Ft. 

71 39.5 0.08 7 1.97 32.0 
85 44.5 0.08 91 2.04 34.0 
100 49.5 0.08 104 2.10 31.5 
114 54.5 0.08 117 2.15 30.5 
128 59 0.08 130 2.20 32.5 
142 64 0.12 143 2.24 27.0 
156 69 0.22 157 2.2 31.0 
178 69 0.19 177 2.24 30.5 
214 79 0.28 212 2 30.0 
284 79 0.32 270 3.4 30.0 
356 79 0.35 29.0 


Steel: 1.18 inches thick. 
Diameter of cutting orifice = 0.035 inch. 
Distance from nozzle tip to plate = 0.11 inch. 


ness plotted on logarithmic paper is linear, according to 
Crowe and Deming,’ who offered no explanation. 

The amount of oxygen required to cut unit length 0! 
steel increases with increase in thickness, Table 7 (and 
values implied in Tables 1 to 3). It is characteristic 
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Fig. 2—Shape and Dimensions (Inches) of the Oxygen Nozzles Used by Malz’’ 


Table 7—Cutting Oxygen Consumption as a Function of 


ickness 
Thick- 
ness, 
Reference Inch Cu. Ft./Ft. Cu. Ft./In.? Cu. Ft./Lb 
Crowe & Walker™® 0.38 
De 4/3 (about) 0.11 
Crowe & Walker® 0.68 
Crowe and 0.12 E, Q 
Deming?!* 0.04—0.07 C 
Johnston® 0.48-1.12 0.07-0.18 
Moss*® 5.5 
Moss*” 1 4.7 
Crowe & Walker® | 1.19 
O.1BE 
Crowe & Deming'»'* ‘ 0.14Q 
0.06—0.11 C 
Johnston’ 2 2.7-4.0 0.11-0.20 
Moss*® 2 4.0 
De 1 to 2 0.2: 
O.1IZE 
Crowe & ‘ 0.13 Q 
0.08-0.15 C 
O.19 E 
Crowe & Deming'** 4 0.27 Q 
0.11-0.20 
Moss** 4 3.6 
Johnston? 4 10-26 0.19-0.33 
Moss** 6 3.5 
De Jessey*!* 2 tof 0.34 
0.27 E 
Crowe & ‘ 0.43 Q 
0.13-0.25 C 
Johnston® 10 85-185 0.55-1.1 
Moss** 10 4.1 
Moss** 12 4.5 
De Jessey*™ 6 to 12 ete 0.57 
ral 
Crowe & Deming*>* 12 
Crowe and Deming—E = most economical cut (1934); QO = 


highest quality cut (1934); C = good commercial cut (1938); E 
and Q include an allowance of 10 to 35 cu. ft./hr. for preheating. 
Johnston*—range of 13 torches. The steels contained: 


Thick- 
ness, 
Inch Cc Mn Si P Ss Ni Cu 
4, 0.14 0.32 0.01 0.012 0.033 
0.36 0.013 0.055 
2 9.1¢6- 0.42 0.01 0.029 0.055 
0.20 0.44 0.038 
6 0.46 0.60 0.13 0.029 0.064 
0.51 0.14 0.0388 0.067 
10 0.38 1.25 0.26 : 2.7 0.96 


Moss®—cutting oxygen only 
De Jessey*"—cutting oxygen only; machine cutting. 


that the oxygen consumption per unit length varies 
very approximately as the square of thickness. There 
is direct proportionality between oxygen consumption 
per unit area of cut (length thickness) and thickness 
between 2 and 12 inches, according to Crowe and 
Deming' (1938). The consumption per unit area in 
creases more rapidly than increase in thickness for 
thinner plates. Ehret** quoted 0.18-0.35 cu. ft./in.’, 
whereas Rogers*’ believed economical cutting was being 
done when the oxygen consumption was '/s cu. ft./in.* 
Johnston's’ results were not nearly so favorable as 
Crowe and Deming’s for thick material. The experi- 
mental conditions (oxygen purity = 98.3%) were not 
ideal in Johnston's tests, which suggested a steeply rising 
oxygen consumption per unit afea with increase in 
thickness. Since several of Johnston's torches failed to 
cut billets of nickel steel 10 inches thick, Johnston sug- 
gested that there might be a critical oxygen consumption 
beyond which no thicker steel could be cut with a given 
torch. The suggestion has not received experimental 
confirmation, although Johnston realized that a part 
of the increased oxygen consumption per unit area as 
thickness increased was due to the increased width of 
kerf. 

Based on unit volume (weight) of metal removed in 
cutting (length X thickness X width of kerf), the oxygen 
consumption, Fig. 5, was relatively high for thin plates, 
attained a minimum of 3.5 cu. ft. oxygen per lb. at a 
thickness of 5 inches, and increased again with further 
increase in thickness. At a thickness of */, to 1'/, inches 
the oxygen consumption coincided with the consumption 
entailed in complete oxidation of iron to Fe;Q,. How- 
ever, complete oxidation was apparent, not real, since 
the cutting residue always contained some metallic iron 
and some oxygen escaped from the cut uncombined 
Owens,'® for example, believed that only 50% of the 
cutting oxygen reached the steel during cutting, yet in 
contrast with Moss, he assumed that oxygen consump- 
tion is directly proportional to the amount of metal 
removed. In 1913 Amédéo*’ found that he could cut 
mild steel 1.18 inches thick with an expenditure of 1*/, 
to 2'/, cu. ft. oxygen per lb. of metal removed using 
torches with concentric and separate preheating jets, 
respectively. The consumptions are remarkably low, 
the better results with concentric jet torches being attri- 
buted to the heating of oxygen beyond the nozzle of the 
concentric-jet torch. All in all, the relationships that 
have been observed between oxygen consumption and 
thickness have been empirical and have not been accom 
panied by explicit statements of experimental conditions, 
such as drag, pressure and size of cutting orifice. 
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Fig. 3—Cutting Oxygen Consumption (Experimental) per Unit Length in 

Machine Oxygen-Cutting Different Thicknesses (0. to 3.15 Inches) 

of Mild Steel at the Maximum Oxygen Pressure at Which Zero Drag 

Could Be Maintained Using the Tips Shown in Fig. 2. The Diameter of 
the Tip Is the Minimum Diameter, d. Malz” 


Experiments in which these variables were specified 
were made by Malz,** who found that oxygen consump- 
tion per unit time was directly proportional to the diam- 
eter of the cutting orifice in making the cuts at critical 
pressures and practically zero drag described in the sec- 
tion on Cutting Oxygen Pressure. In other words, the 
hourly oxygen consumption in cutting a plate of given 
thickness at the maximum speed at which practically 
zero drag can be maintained varies directly as the square 
root of the area of the cutting orifice. Although width 
of kerf is directly proportional to diameter of cutting 
orifice, there is no relation between amount of metal re- 
moved and hourly oxygen consumption in cutting a given 
thickness, because cutting velocity varies with tip diam- 
eter (see section on Tip Diameter). Nor is there an 
obvious relation between hourly oxygen consumption 
and thickness for a given tip diameter. 

Based on unit length of cut, the relation betw-en 
oxygen consumption and diameter of cutting orifice, 


Fig. 3, was nearly linear for thin plates. The increas 
was attributed mainly to increase in width of kerf. |p 
thick plates the smallest orifices consumed unexpectedly 
large amounts of oxygen per unit length on account of 
their low cutting speed. With the largest tips the 
diminished critical cutting speed acts in the same direc- 
tion as increased width of kerf to increase their oxygen 
consumption per unit length. Since the tip diameter 
yielding minimum oxygen consumption per unit length 
for a given thickness does not coincide with the tip di 
ameter yielding maximum critical cutting speed, the 
overall economy of cutting depends only partly on Fig. 3. 

The extent to which the quantity of oxygen that is 
supplied to cut unit length of steel at critical velocity 
with practically zero drag enters into chemical combina- 
tion with iron, Fig. 4, increases as thickness is increased 
at least up to 3.15in. The utilization of oxygen is repre 
sented by the ratio of theoretical to actual oxygen con- 
sumption. The theoretical oxygen consumption is the 
quantity of oxygen required to form the slag collected 
during cutting unit length and was calculated from the 
slag analyses (see AMERICAN WELDING SOCIETY JOURNAL, 
18, 235-s (1939)). Ranging from 11 to 55%, these 
percentages are lower than those reported by Moss,‘ 
Slottman and others, who, unlike Malz, based their 
calculations of utilization ratios on Fe;O,. It should not 
be forgotten that Malz made no correction for oxidation 
of slag after it had been blown clear of the kerf. A corre« 
tion for oxidation by air would still further decrease thi 
utilization ratio. Although no experiments have been 
made on the oxidation of slag after it leaves the kerf, th 
extent to which oxidation occurs probably depends o1 
the velocity of the cutting jet and degree of subdivision 
of the slag, among other things. 

The increase in utilization of cutting oxygen in forming 
iron oxide as thickness is increased up to 3.2 inches is in 
agreement with Moss, Fig. 5. Had Malz extended his 
experiments to thicker plates it is expected that peak 
utilization ratios would have been lower for plates |2 
inches thick than for plates 6 inches thick and would 
have occurred at larger tip diameters. Figures 3 and 4 
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Fig. 4—Efficiency of Utilization of Cutting Oxygen in Oxygen Cutting 

Mild Steel at the Maximum Oxygen Pressure at Which Zero Drag Could 

Be Maintained Using the Tip Shown in Fig. 2. The Efficiency Is the 

Quotient of Oxygen Consumption per Unit Length of Cut Calculates 

from Weight and Composition of Cutting Slag Divided by the Oxygen 

Consumption per Unit Length of Cut Measured in Tests. The Diameter 
of the Tip Is the Minimum Diameter, d. Malz” 
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show that the lowest oxygen consumption per unit 
length for a given thickness is secured under conditions 
that utilize the maximum amount of oxygen to form iron 
oxide. However, the minimum degree of oxidation of 
the slag which occurred at maximum critical cutting 
speed is secured with larger nozzles than those yielding 
peak utilization percentages. As the critical cutting 
speed is reduced by reducing the tip diameter (see section 
on Tip Diameter) a larger proportion of iron from the 
kerf is given the opportunity to oxidize. However, the 
kerf is narrower and the hourly delivery of oxygen from 
the orifice is smaller, both factors tending to overbalance 
the effect of decreased cutting speed. 

An approximate computation of the extent to which 
oxygen was used in oxidizing iron during oxygen cutting 
was made by Assmann*® using the results in Tables 14 
and 18. The ratio of oxygen required to transform the 
iron in the kerf to oxide (no details; volume of kerf was 
measured, but slag was not analyzed), to oxygen con- 
sumed in the tests was 0.46 to 0.92. The highest ratios 
did not correspond with the most economical cuts under 
Assmann's condition. Approximate computations of so- 
called efficiencies of oxygen utilization have been made 
as well by Daniel and Durant"? and by Springer*® (1911). 
In neither computation was the slag composition known 
nor the kerf width included. The expenditure of energy 
in oxygen cutting was computed by Kampf‘! using the 
following values: 

Heat to raise 1 kg. of iron to the melting point = 300 


cal. 

Heat evolved in burning | kg. iron (no details) = 1800 
cal. 

Energy to prepare 1 m.* oxygen (air process) = 1.2 
kw. hr. 


Energy to compress | m.* oxygen to 2100 Ib./in.? = 
0.3 kw. hr. 


Energy to prepare 1 kg. calcium carbide = 3.25 
3.4 kw. hr. 
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Fig. 5—Oxygen Consumption per Unit Time and Rate of Metal Removal 
in gen Cutting Mild Steel. Moss’ 
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Fig. 6—Effect of Cutting S d, Tip Size and Drag on Oxygen Consump- 
tion in Cutting Mild Steel 1 Inch Thick. Crowe and Deming 
The following values were quoted by Deming™ 
thick cut at 0.10 inch drag 


for mild steel plate inch 


Consumption of Cutting Oxygen Consumption of Cutting Oxy 
Cutting Cu. Ft./Hr gen, Cu Ft. per Sq. In. of Cut 
Speed No. 54 No. 56 No 62 No 68 No. 56 o 62 No. 68 
In./Min Orifice Orifice Orifice Orifice Orifice Orifice Orifice 
23 0.113 0.100 
10 36 33 29 27 0.113 0.100 0.091 
12! 40 36! 31 0.103 0.097 0. O87 
15 46! 43'/> 51! 40 0.0909 0.107 0.090 
17! 57! 0.100 
20 63! 0.104 


With these and the aid of numerous approximations, 
Kampf computed energy as a function of thickness and 
compared the energy in oxygen cutting with the energy 
in shearing and sawing. It was calculated that oxygen 
cutting was faster than mechanical cutting and consumed 
more energy. 

The effect of drag on consumption of cutting oxygen 
has been investigated by Crowe and Deming,' who found 
that as drag was decreased from 0.60 to 0.20 inch in cut 
ting 0.13 C steel, 1 inch thick at a speed of 46.5 ft./hr. 
(diameter of cutting orifice = 0.0635 inch), the hourly 
oxygen consumption was increased to 65 cu. ft./hr. 
from 50 cu. ft./hr. (see Figs. 5 and &, Welding Handbook, 
pp. 290 and 296, respectively, which analyze the rela- 
tionships between drag and oxygen consumption as 
functions of cutting speed and tip diameter; design of 
nozzle not stated). Slag adhered to these cuts, the final 
corners were uncut and cuts were incomplete if drag was 
0.60 inch or greater. If less than 0.19 inch drag was 
desired, the hourly oxygen consumption increased rapidly 
to 150 cu. ft./hr. at 0.03 inch drag, which was the mini- 
mum drag. If still larger amounts of oxygen (250 cu. 
ft./hr.) were supplied, presumably by applying higher 
pressures, the drag increased (to 0.08 inch) rather than 
decreased. These results agree with Malz,*® who, it 
may be pointed out, did not quote minimum drag, but 
referred to ‘nearly perpendicular drag lines’ or ‘‘prac- 
tically zero drag.” 

The experimental result obtained by Malz for thin 
plate (0.20 inch) that oxygen consumption per unit area 
is directly proportional to nozzle diameter was derived 
by de Jessey in the following way, assuming that kerf 
width = 1.8D (D = nozzle diameter), and that the slag 
contains 20% oxygen, equivalent to 25% of the weight 
of the steel removed from the kerf. Weight of iron re 
moved per unit length of cut = 18D & T X 7.8 gm., 
where 7.8 = density of iron and 7 = plate thickness. 
Corresponding volume of oxygen = 0.25/1.38 (1.8D 
7 X 7.8) liters, assuming the weight of a liter of oxvgen 
is 1.38 gm. The oxygen consumption per unit area is 
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Fig. 3—Cutting Oxygen Consumption (Experimental) per Unit Length in 

Machine Oxygen-Cutting Different Thicknesses (0.20 to 3.15 Inches) 

of Mild Steel at the Maximum Oxygen Pressure at Which Zero Drag 

Could Be Maintained Using the Tips Shown in Fig. 2. The Diameter of 
the Tip Is the Minimum Diameter, d. Malz” 


Experiments in which these variables were specified 
were made by Malz,** who found that oxygen consump- 
tion per unit time was directly proportional to the diam- 
eter of the cutting orifice in making the cuts at critical 
pressures and practically zero drag described in the sec- 
tion on Cutting Oxygen Pressure. In other words, the 
hourly oxygen consumption in cutting a plate of given 
thickness at the maximum speed at which practically 
zero drag can be maintained varies directly as the square 
root of the area of the cutting orifice. Although width 
of kerf is directly proportional to diameter of cutting 
orifice, there is no relation between amount of metal re- 
moved and hourly oxygen consumption in cutting a given 
thickness, because cutting velocity varies with tip diam- 
eter (see section on Tip Diameter). Nor is there an 
obvious relation between hourly oxygen consumption 
and thickness for a given tip diameter. 

Based on unit length of cut, the relation between 
oxygen consumption and diameter of cutting orifice, 


Fig. 3, was nearly linear for thin plates. The increas 
was attributed mainly to increase in width of kerf. [py 
thick plates the smallest orifices consumed unexpectedly 
large amounts of oxygen per unit length on account of 
their low cutting speed. With the largest tips the 
diminished critical cutting speed acts in the same direc- 
tion as increased width of kerf to increase their oxygen 
consumption per unit length. Since the tip diameter 
yielding minimum oxygen consumption per unit length 
for a given thickness does not coincide with the tip di 
ameter yielding maximum critical cutting speed, the 
overall economy of cutting depends only partly on Fig. 3. 

The extent to which the quantity of oxygen that is 
supplied to cut unit length of steel at critical velocity 
with practically zero drag enters into chemical combina- 
tion with iron, Fig. 4, increases as thickness is increased 
at least up to 3.15in. The utilization of oxygen is repre 
sented by the ratio of theoretical to actual oxygen con 
sumption. The theoretical oxygen consumption is the 
quantity of oxygen required to form the slag collected 
during cutting unit length and was calculated from the 
slag analyses (see AMERICAN WELDING SOCIETY JOURNAL, 
18, 235-s (1939)). Ranging from 11 to 55%, these 
percentages are lower than those reported by Moss,’ 
Slottman and others, who, unlike Malz, based their 
calculations of utilization ratios on Fe;O,. It should not 
be forgotten that Malz made no correction for oxidation 
of slag after it had been blown clear of the kerf. A correc 
tion for oxidation by air would still further decrease the 
utilization ratio. Although no experiments have been 
made on the oxidation of slag after it leaves the kerf, the 
extent to which oxidation occurs probably depends on 
the velocity of the cutting jet and degree of subdivision 
of the slag, among other things. 

The increase in utilization of cutting oxygen in forming 
iron oxide as thickness is increased up to 3.2 inches is in 
agreement with Moss, Fig. 5. «Had Malz extended his 
experiments to thicker plates it is expected that peak 
utilization ratios would have been lower for plates 12 
inches thick than for plates 6 inches thick and would 
have occurred at larger tip diameters. Figures 3 and 4 
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Fig. 4—Efficiency of Utilization of Cutting Oxygen in Oxygen Cutting 

Mild Steel at the Maximum Oxygen Pressure at Which Zero Drag Could 

Be Maintained Using the Tip Shown in Fig. 2. The Efficiency Is the 

Quotient of Oxygen Consumption per Unit Length of Cut Calculated 

from Weight and Composition of Cutting Slag Divided by the Oxygen 

Consumption per Unit eee 9 of Cut Measured in Tests. The Diameter 
of the Tip Is the Minimum Diameter, d. Malz” 
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show that the lowest oxygen consumption per unit 
length for a given thickness is secured under conditions 
that utilize the maximum amount of oxygen to form iron 
oxide. However, the minimum degree of oxidation of 
the slag which occurred at maximum critical cutting 
speed is secured with larger nozzles than those yielding 
peak utilization percentages. As the critical cutting 
speed is reduced by reducing the tip diameter (see section 
on Tip Diameter) a larger proportion of iron from the 
kerf is given the opportunity to oxidize. However, the 
kerf is narrower and the hourly delivery of oxygen from 
the orifice is smaller, both factors tending to overbalance 
the effect of decreased cutting speed. 

An approximate computation of the extent to which 
oxygen was used in oxidizing iron during oxygen cutting 
was made by Assmann*® using the results in Tables 14 
and 18. The ratio of oxygen required to transform the 
iron in the kerf to oxide (no details; volume of kerf was 
measured, but slag was not analyzed), to oxygen con- 
sumed in the tests was 0.46 to 0.92. The highest ratios 
did not correspond with the most economical cuts under 
Assmann’s condition. Approximate computations of so- 
called efficiencies of oxygen utilization have been made 
as well by Daniel and Durant" and by Springer*® (1911). 
In neither computation was the slag composition known 
nor the kerf width included. The expenditure of energy 
in oxygen cutting was computed by Kampf*' using the 
following values: 

Heat to raise 1 kg. of iron to the melting point = 300 


cal. 

Heat evolved in burning 1 kg. iron (no details) = 1800 
cal. 

Energy to prepare 1 m.* oxygen (air process) = 1.2 
kw. hr. 


Energy to compress | m.* oxygen to 2100 Ib./in.? = 
0.3 kw. hr. 


Energy to prepare 1 kg. calcium carbide = 3.25 
3.4 kw. hr. 
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Fig. 5—Oxygen Consumption per Unit Time and Rate of Metal Removal 
in Oxygen Cutting Mild Steel. Moss*’ 
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Fig. 6—Effect of Cutting S d, Tip Size and Drag on Oxygen Consump- 
tion in Cutting Mild teel 1 Inch Thick. Crowe and Deming! 


The following values were quoted by Deming*** for mild steel plate inch 
thick cut at 0.10 inch drag 


Consumption of Cutting Oxygen Consumption of Cutting Oxy 


~ Par NIN. 
Ss 2o 


Cutting Cu. Ft./Hr gen, Cu. Ft. per Sq. In. of Cut 
Speed No. 54 No. 56 No. 62 No. 68 No. 5 No. 62 No. 68 
In./Min Orifice Orifice Orifice Orifice Orifice Orifice Orifice 
23 0.113 0.100 
10 36 33 29! 27 0.113 0.100 0.091 
12'/; 40 36'/ 36'/. 31'/. 0.103 0.097 0. OR7 
15 40) 51'/s 40 0.0909 0.107 0.000 
17! 57! 50 0.100 
20 63! 0.104 


With these and the aid of numerous approximations, 
Kampf computed energy as a function of thickness and 
compared the energy in oxygen cutting with the energy 
in shearing and sawing. It was c&lculated that oxygen 
cutting was faster than mechanical cutting and consumed 
more energy. 

The effect of drag on consumption of cutting oxygen 
has been investigated by Crowe and Deming,' who found 
that as drag was decreased from 0.60 to 0.20 inch in cut 
ting 0.13 C steel, 1 inch thick at a speed of 46.5 ft./hr. 
(diameter of cutting orifice = 0.0635 inch), the hourly 
oxygen consumption was increased to 65 cu. ft./hr. 
from 50 cu. ft./hr. (see Figs. 5 and 8, Welding Handbook, 
pp. 290 and 296, respectively, which analyze the rela- 
tionships between drag and oxygen consumption as 
functions of cutting speed and tip diameter; design of 
nozzle not stated). Slag adhered to these cuts, the final 
corners were uncut and cuts were incomplete if drag was 
0.60 inch or greater. If less than 0.19 inch drag was 
desired, the hourly oxygen consumption increased rapidly 
to 150 cu. ft./hr. at 0.03 inch drag, which was the mini- 
mum drag. If still larger amounts of oxygen (250 cu. 
ft./hr.) were supplied, presumably by applying higher 
pressures, the drag increased (to 0.08 inch) rather than 
decreased. These results agree with Malz,** who, it 
may be pointed out, did not quote minimum drag, but 
referred to ‘‘nearly perpendicular drag lines’’ or ‘prac 
tically zero drag.” 

The experimental result obtained by Malz for thin 
plate (0.20 inch) that oxygen consumption per unit area 
is directly proportional to nozzle diameter was derived 
by de Jessey in the following way, assuming that kerf 
width = 1.8D (D = nozzle diameter), and that the slag 
contains 20% oxygen, equivalent to 25% of the weight 
of the steel removed irom the kerf. Weight of iron re 
moved per unit length of cut = 18D XK 7 X 7.5 gm., 
where 7.8 = density of iron and 7 = plate thickness. 
Corresponding volume of oxygen = 0.25/1.38 (1.8D 
7 X 7.8) liters, assuming the weight of a liter of oxvgen 
is 1.38 gm. The oxygen consumption per unit area is 
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secured by dividing the volume of oxygen per unit 
length by the thickness and is approximately 2.5D. 
However, Malz’s results completely fail to confirm pro- 
portionality for plates over '/: inch thick. Therefore, 
oxygen consumption is not governed primarily by the 
area of contact of steel with oxygen, except perhaps for 
thin material. 

If the speed of cutting is increased, the hourly oxygen 
consumption for a given tip diameter and drag is nearly 
proportional to the speed of cutting, Fig. 6, which applies 
to drag not too near the minimum and to speeds not too 
near the maximum possible. As the drag is decreased the 
variability in performance of a given tip increases (see 
Welding Handbook, Fig. 9, p. 298). At practically zero 
drag the relationship between hourly oxygen consump- 
tion and maximum cutting speed is shown in Fig. 7, 
which supports the contention made by Malz that for the 
design of nozzles he used there is a limiting cutting speed 
for each thickness that cannot be exceeded by increasing 
the oxygen pressure or consumption nor by changing the 
tip diameter. 

The measurement of the large quantities of oxygen 
used in cutting requires meters of large capacity. A 
gage for recording gas consumption during oxygen cut- 
ting was described briefly in a German magazine* (1926). 
The loss in weight of the oxygen cylinders was used by 
Johnston® to determine oxygen consumption. A loss of 
0.01 Ib./hr. (0.11 cu. ft./hr.) was detected without diffi- 
culty. Malz*® was unable to obtain satisfactory results 
with scales. Instead, he calibrated each tip and deter- 
mined the rate of flow from the temperature of the oxy- 
gen about 1 foot before the tip and the pressure in an 
enlarged chamber leading to the tip. Since the fall in 
pressure at the orifice was always above 27 Ib./in.*, there 
was a linear relationship between oxygen delivery and 
pressure. A standard orifice in the oxygen line was used 
for calibration. 


OXYGEN PURITY 


Impurities in the cutting oxygen have a particularly 
bad effect on cutting speed and oxygen consumption per 
unit length. To maintain a speed of 47 ft./hr. in steel 
(0.21 C) °/s inch thick with a drag of 0.10 to 0.30 inch 
(tip diameter = 0.0465 inch) it is necessary to increase 
the hourly oxygen consumption about 25% if the oxygen 
purity is decreased from 99.5 to 98.7%, according to 
Crowe and Deming! (see Welding Handbook, p. 303, 
Fig. 14). To maintain a speed barely sufficient to com- 
plete a cut in thick mild steel billets, Table 8, Crowe and 
Walker** had to raise the oxygen pressure as the oxygen 
purity decreased. The same tip was used in all tests 
and the cutting speed and drag (no details) also were 


Table 8—Minimum Oxygen Pressure with Correspondin 
Oxygen Consumption to Barely Cut Mild Steel. Crowe an 


Walker* 
Billet 6 Inches Thick Billet 12 Inches Thick 
Minimum Oxygen Minimum Oxygen 

Oxygen Oxygen Consump- Oxygen Consump- 
Purity, Pressure, tion, Pressure, tion, 

% Lb./In.? Cu. Ft./Ft. Lb./In.2 Cu. Ft./Ft. 
100* 42 10 90 43 
99.5 50 11 98 45 
99.0 58 13 112 50 
98.5 72 15 125 55 
97.5 105 19 157 74 


* Extrapolated; maximum oxygen purity was 99.6%. 


Table 9—Effect of Oxygen Purity on Cutting Speed: 
Cutting Speed, Ft./Hr 


Drag, Inch 99.0% Orv 97.2% oO, 
0 49 
0.039 5S 47 
0.078 61 52 
0.20 70 61 
0.39 78 71 
0.79 85 78 
1.18 87 80 


Steel: 0.06—-0.10 C, 0.79 inch thick. 


probably the same. A decrease in cutting speed of about 
8 to 19% was necessary in tests by a German labora- 
tory,** Table 9, to secure the same drag with oxygen of 
97.2% purity as with 99.0%. The same tip and oxygen 
pressure were used in all tests. Asa general rule Riviére‘ 
reduces the cutting speed 15% for every 1% impurity 
added to the oxygen. Rayner** was able to save 30% 
in time and gas by using 99% purity instead of 97.5%. 

The minimum consumption of cutting oxygen per unit 
length increased as the oxygen purity decreased in 
Rimarski’s* tests, Table 10, and was attained at higher 
pressures. The same concentric tip and three-hose torch 
were used in all tests, the hourly oxygen consumption 
being kept constant at each pressure despite expansion of 
the orifice during the test. The plates were at room tem- 
perature before a cut was made. The oxygen was 
brought to a uniform temperature by means of a water 
bath. The minimum oxygen consumption per unit 
length had not been attained at 57 lb./in.* in the tests 
with 93.6% purity. 

Several investigators have recommended torch adjust- 
ments and cutting speeds applicable for low-purity oxy- 
gen. Piette‘® was able to cut nfild steel with 95% oxygen 
at about the same speeds and oxygen consumptions as 
other investigators using 99% oxygen. The recom- 
mendations of the French Acetylene Service,‘’ Table 11, 
for 98% oxygen agree quite closely with Table 3. On the 
other hand, Crowe and Walker’s® recommendations for 
mild steel, Table 12, emphasize the importance of high 
oxygen purity in oxygen cutting, and agree with the 
results of Rimarski*® and Amédéo,”’-** Table 13, as well 
as investigators of oxy-hydrogen cutting (see section on 
Preheating Fuels). As shown in Table 12, impure oxy- 
gen was disadvantageous in cutting all thicknesses from 
*/s to 12 inches (no details of speeds or tips). There was 
no difference between oxygen prepared by electrolysis or 
from liquid air, and the results were amply confirmed by 
service tests. Crowe and Walker*® describe a method for 
determining oxygen purity. 

There have been few to dispute the harmful effect o/ 
impurities in cutting oxygen. Tucker” mentioned an 
early belief that up to 10% impurity in oxygen had no 
effect, but his experimental results led to the opposite 
conclusion. Tucker was the first to mention that lamina 
tions in the steel were more troublesome with impure 
than with pure oxygen. Krebs” was unable to reconcile 
his experience (no details) which indicated that nitrogen 
had an unimportant effect as an impurity, with the tests 
that showed the reverse. He maintained that a compact 
oxygen stream was more vital than high purity. Crow: 
and Walker's use of the same tip for all rates of oxygen 
flow was criticized by Hollard*' who believed (no details 
that impurities would exert little effect if the velocity wer 
appropriate. 

Impure oxygen detracts from the appearance of ‘he 
cut. Adherence of slag to the bottom of the cut 's 
troublesome with oxygen of 98.0-98.4% purity, accord- 
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Fig. 7—Maximum Cutting Speed at Which Practically Zero Drag Could 

Be Maintained in Machine Cutting Mild Steel 0.20 to 3.15 Inches Thick 

Using the Tips Shown in Fig. 2. Excessive Oxygen Discharge Reduces 
the Maximum Attainable Cutting Speed. Malz” 


ing to Holler and Schneider.** Since Johnston® observed 
that a completely oxidized slag tends to cling to the 
underside and since the reduction in cutting speed caused 
by impure oxygen increases the degree of oxidation of the 
slag, Holler and Schneider's observation is not unex- 
pected. The melting range of the slag rises as the oxygen 


Table 10—Effect of Oxygen Purity on Machine Cuttin 
Speed and Oxygen Consumption. Rimarski, Kantner an 


Streb“ 
Cutting Cutting 

Oxygen Oxygen Oxygen Cutting 

Purity, Pressure, Consumption, Speed, 

% Lb./In.? Cu. Ft./Ft. Ft./Hr. 
99.5 14 1.38 31 
99.5 28 1.34 53 
99.5 43 1.40 65 
99.5 57 1.54 70 
98.7 14 1.68 26 
98.7 28 1.57 45 
98.7 43 1.64 56 
98.7 57 61 
98.1 14 2.03 22 
98.1 28 1.74 40 
98.1 43 1.77 52 
98.1 57 1.90 56 
97.5 14 2.38 18 
97.5 28 1.98 35 
97.5 43 1.96 48 
97.5 57 2.08 52 
93.6 28 3.53 20 
93.6 43 3.32 27 
93.6 57 3.24 34 


Steel: 0.06-0.10 C, 0.79 inch thick. 

Drag = 0.079 inch; tip distance = 0.20 inch. 

Oxygen consumption = 44, 71, 91 and 108 cu. ft./hr. at 14, 28, 
43 and 57 Ib./in.*, respectively. 


content is increased beyond 23% oxygen and affects the 
viscosity and adherence. Amédéo*’ observed that man 
ual cuts made with impure oxygen were rough, whereas 
machine cuts in equivalent material with the same 
purity were smooth. The reduced cutting speed ac 
counted for the roughness of the manual cut. A writer in 
1914°* found that the position of ridges on oxygen-cut 
surfaces varied with the oxygen purity, speed again being 
responsible, perhaps. According to Horn,® the kerf 
width increases 0.02 inch for every 1% impurity added 
to the oxygen. 

The great improvement in cutting performance on 
raising the oxygen purity from 98.5 to 99.0% was at- 
tributed by Houseman" to the rapid impoverishment of 
oxygen in the cutting gas as the gas penetrated the cut 
The decrease in oxygen concentration (mass of oxygen 
per unit volume) with increase in depth was due to forma- 
tion of iron oxide and to mechanical and thermal ex- 
pansion. 

Although nitrogen was the major impurity present in 
the oxygen used by most investigators, there seems to be 
no appreciable difference if the impurity is water, hydro 
gen or carbon dioxide in the amounts investigated. In 
the range 83 to 99% purity, a given volume percentage 
of carbon dioxide had the same effect as the same per 
centage of nitrogen in Mitchell’s® tests. An appreciable 
amount of hydrogen in the cutting oxygen had about the 
same effect as nitrogen in reducing the cutting speed, 
according to Amédéo.*® On the other hand, Lingwood** 
and Balliet®’ stated, without proof, that hydrogen is com 
bustible and, therefore, is not so detrimental as nitrogen. 


Table 12—Consumption of Oxygerf of Different Degrees of 
Purity Based on 100 Cu. Ft. of 99.5% Purity Oxygen. Crowe 
& Walker® (1925) 


Ranges and Averages for Percentage Increase in 
Thicknesses from *), to rime to Make a Cut 
12 Inches, of Given Length in 


Oxygen Consumption of Oxygen, Steel 

Purity, Cu. Ft to Inches 
% Average Range Thick 

99.5 100.0 

99.25 105.3 

99.0 111.9 108 .0-116.0 112.9 

98.75 120.7 

98.5 129.2 119.5-141.5 131.0 

98.0 145.9 139.0-150.1 

97.5 168.1 161.0-173.9 


Table 13—Effect of Oxygen Purity on Cutting Speed. 
Amédéo”:* (1912) 


Oxygen Purity, % Cutting Speed, Ft./Hr 


98.5 45 

96.5 38 

94.5 27 
Steel 1.18 inches thick. 
Diameter of cutting orifice = 0.047 inch; concentric jet torch 
Cutting oxygen pressure = 28 Ib./in.? 


Principal impurity: nitrogen 


Plate Oxygen Consumption of Cutting Consumption of Diameter 
Thickness, Cutting Speed, Pressure, Oxygen Acetylene of Cutting 
Inch Ft./Hr. Lb. /In.? Cu. Ft./Ft. Cu. Ft./Hr. Cu. Ft./Ft. Cu. Ft./Hr Nozzle, Inch 
5/16 65.5 15 0.6 39 0.15 9.8 0.024 
/s 42.0 28 1.6 67 0.26 10.9 0.039 
1 32.5 45 3.6 117 0.38 12.3 0.059 
2 22.5 52 8.1 180 0.77 17.3 0.078 
3 17.7 60 13.9 250 1.38 24.4 0.098 
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Moisture in the cutting oxygen appears to have about 
the same effect as any other impurity. Using tank oxy- 
gen (99.5% purity) at 20° C. containing 3 mg./liter 
(approximately 0.4 vol. % water) Rimarski and co- 
workers®* observed a decrease in cutting speed of 4.6- 
3.5% at oxygen flows of 46-105 cu. ft./hr. The moisture 
was introduced by bubbling the oxygen through water 
and was determined by adsorption in P,O;. With tank 
oxygen containing less than | mg. of moisture per liter 
no decrease in cutting speed could be detected (no details). 
Deeply furrowed cuts were obtained if a spray of water 
was directed on the cutting jet. It was calculated that 
the heat loss due to moisture would be 25% greater than 
the loss due to nitrogen, on account of the endothermic 
oxidation of iron by steam. In addition, if droplets of 
water were present in the oxygen, the latent heat of 
boiling of water would increase the heat loss due to 
moisture. The water content of tank oxygen at 17-24° 
C. (280 to 2100 Ib./in.*) was found to be not over 0.1 
gm. in 100 liters provided masses of water were pre- 
vented from flowing through the regulator. 

Rimarski's results suggest that water vapor should 
have little effect on cutting, whereas droplets of water 
in the oxygen represent a high local concentration of 
steam, which would seriously interfere with cutting. It 
was doubtless liquid water in the oxygen which caused 
Lester,® Ussher®’ and Krebs®® to regard moisture as the 
most serious impurity in cutting oxygen. It should be 
mentioned that Krebs was correct in stating that the 
moisture content of tank oxygen increases with time 
because with each filling of the cylinder its moisture 
content increases. Rimarski** was unable to find any 
change in the moisture content of tank oxygen 6 weeks 
after the initial analysis. Wilson®' believed that the 
rough, wide cuts obtained with moist oxygen were related 
to the formation and expansion of steam (no details). 
Transforming the massive water in the cutting oxygen 
to steam by preheating the oxygen to 200° C. improved 
the cutting action. 

The surface temperature of iron in contact with 
an oxyacetylene flame®™ is not appreciably affected by 
up to 10% impurities in the heating oxygen. 


ACETYLENE PURITY 


Acetylene purity is relatively unimportant in oxygen 
cutting. Up to at least 7% water in acetylene has no 
essential effect® on the temperature of the oxyacetylene 
flame. 


TIP SIZE 


The diameter of the cutting orifice usually is the small- 
est diameter of the oxygen passage at any section in the 
tip, since it is the smallest diameter that governs the 
oxygen discharge. Recommended tip sizes, Tables | 
to 3 and Fig. 8, increase with increase in thickness, the 
one exception, Rogers’ recommendations in Table 3, 
proving the rule. Daniel and Durant,'® Fig. 8 (no de- 
tails of tip design), provide a range of sizes for a given 
thickness in about the same way as Crowe and Deming. 
The latter's exposition of the effect of increase in tip size 
in raising the cutting speed at the expense of oxygen 
consumption, drag and width of kerf was mentioned in 
the section on oxygen consumption (see Welding Hand- 
book, Fig. 6, p. 291, and Fig. 8, p. 296). 

The influence of tip size on machine cutting perform- 
ance has been studied by Assmann* and Malz.** Cut- 
ting with 10% drag, for example 0.1 inch drag ina plate 
1 inch thick, Assmann determined the pressure, ve- 


locity and oxygen consumption for 10 tip sizes. Malz, 
on the other hand, used practically zero drag as his 
criterion, and determined the conditions under which 
maximum cutting speed could be secured with 14 tips, 
Fig. 2, of about the same design as those used by Assmann, 
Fig. 9. 

Oxygen pressure was measured by Assmann with the 
aid of a manometer connected to a widened chamber a 
short distance above the orifice. In this way only the 
static head was recorded. Oxygen consumption was 
calculated from the change in weight of the oxygen cyl- 
inder during test. The tip distance was 0.20 inch and 
the plates were always at 20° C. before cutting was com- 
menced. Oxygen purity was 99.0-99.1%. The torch 
was of three-hose type and was supplied with 7.1 cu. ft. 
hr. acetylene in all tests. The arbitrary maintenance of 
a constant preheating intensity for all tip sizes and plate 
thicknesses was unfortunate and was avoided by Malz. 
Assmann made cuts 24 inches long in mild steel 0.63, 
1.18 and 1.97 inches thick. During each cut nothing 
was varied except the oxygen pressure which was reduced 
in steps of 7 to 14 lb./in.* every 4 inches. Only the 
conditions applying during that part of the cut having 
10% drag were recorded, Table 14. Nevertheless, Ass- 
mann measured the drag as a function of oxygen pressure 
for two tip sizes, Fig. 10. For a given pressure, decrease 
in tip size greatly increased the drag. Increase in pres- 
sure and decrease in cutting speed reduced the drag. 
At small drags the larger tip was wasteful of oxygen, 
whereas at large drags and high speeds there was little 
difference between the two tips. 

The outstanding result of Assmann’s investigation was 
the advantage of small orifices in maintaining low oxygen 
consumption per unit length. However, high pressures 
were required with the small tips. Cutting speed had 
little influence on oxygen consumption per unit length 
with the thinner plates, but with the plate 2 inches thick 
oxygen consumption per unit length decreased in direct 
proportion as cutting speed was increased. There 
seemed to be no explanation other than the vibration of 
the rather frail driving mechanism utilized by Assmann. 
Vibration of the torch prevented cutting at speeds 
higher than 100 ft./hr. The decrease in oxygen pres- 
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Fig. 8—Effect of Thickness on Requisite Tip Diameter in Machine 
gen-Cutting Mild Steel. Daniel and Durant! 


174-s WELDING RESEARCH SUPPLEMENT MAY 


sure 
the 
pra 
onh 
Wwol 
to € 
crit 
the 
pre 
pec 
refl 


T 
to b 
con 
heat 
the 

tip 


ho 
UA 


‘ 

: 
of C 
ting 

3 inch 
3 
0. 
0. 
0. 
0. 
ME 
0. 
0. 
| 
4 

é 

7 i 

4 

6 
8 


ine 


AY 


TABLE 14. Effect of Tip Diameter on Conditions for Cutting with 10% Drag. assndt. 


Cutting Cutting Cutting 
Diaseter Oxygen Cutting Oxygen Oxygen Cutting Oxygen Oxygen 
of Cut- Pressure, Conguaption Pressyre, tion Pressypre, 


cu.ft/hr cu.ft/ft 1b/in* cu.ft/nr cu.ft/ft ib/in’ 


ting Orifice, 1b/in® 


Cutting Oxygen 
Consumption 


cu.ft/or cu.ft/it 


Mild Steel 0.€5 tick 
Cutting = 59 ft/br Speed = 59 ft/or = 99 ft/nr 
0.016 85 27. 0.68 ial 37.1 0.€5 58.1 0.59 
0.020 7 28. 9 0.72 100 38.2 0.65 170 67.0 0.€8 
0.c24 87 53.9 0.87 78 45.1 0.76 135 74.4 0.75 
0,028 46 40.7 1.04 6s 54.0 0.22 ue 89.0 0.90 
52 38 44.2 $7 61.5 1.04 97 97.5 0.99 
089 28 $2.5 1.35 70.4 1.19 él us 1.70 
0.067 2 59.4 1.52 36 83.8 1.42 68 439 1.40 
79.7 2.04 28 1.86 sé 182 1.84 Cutting Cutting 
0,067 lz 90.2 2.21 24 2.24 a” 24 2.16 Oxygen Cutting Oxygen Oxygen 
Pre re 
Wild Steel 1.18 inches thick Th 
Cutting Speed = 39 ft/hr Speed = 47 ft/br Cutting 
0.020 12 48.5 1.24 $3.7 i70 . 
24 2 52.6 1.55 108 60.7 1.29 128 
028 71 57.9 1.48 87 63.8 1.49 105 
ose $7 61.§ 1.58 7 74.6 1.59 48 
089 45 70.€ 83 83.0 1.77 67 
047 K 80.€ 2.C7 40 90.7 1.95 0 
0.059 a 92.7 2.56 26 104 2.21 $6 --- 
0.067 “ 97.5 2.50 20 117 2.49 27 . 4 
0.085 10 116 2.98 * 4 135 2.87 a 6 i 
Mild Steel 1.97 inches thick 
Cutting “aes = 24 ft/nr Cutting Speed = 59 ft/hr Cutting Speed = 59 ft/hr 
0.082 92 2 120 3.08 iss 18! 
067 48 108 4.27 ™% 149 5.82 85 169 2.87 
067 22 12s $.20 40 188 4.82 Pe) 24 3.80 
06s 18 iss 5.58 $1 2s 4c 


sure to secure 10% drag as the tip was enlarged resembled 
the results obtained by Malz, Fig. for cutting with 
practically zero drag. 

Unlike Assmann, Malz determined cutting conditions 
only for the maximum cutting speed at which his tips 
would cut with practically zero drag, Fig. 11. Contrary 
to expectations, an increase in orifice diameter beyond a 
critical size that depended on plate thickness decreased 
the cutting speed at which cuts of zero drag could be 
produced. Comparison with Fig. 1 shows that the 
peculiar effect of tip size on critical cutting speed was not 
reflected in the critical cutting pressure. 


TIP DISTANCE 


The distance from the end of the nozzle to the surface 
to be cut is known as the tip distance. In torches with 
concentric jets the tip distance usually is the same for pre- 
heat and cutting orifices. In torches with separate jets 
the preheat tip distance usually is larger than the cutting 
tip distance. Tables 1 and 3 show that the tip distance 


Cross Cross 
Section section 
st a, tb, 
0.017 0.9001 0.024 ».0004 0.08 6 -i4 0.87 
16 0.90070 0.078 0 59 0.08 0.1.4 4 oA? 
4 020 0.00041 wos 0.08 lid a4 57 
| 0.00045 0.0 0077 i4 0.43 -87 
1059 ) ial 0.1% 8 0.47 
33% ).00077 4 i4 0.13 10 ve (0.4? -l4 -87 
6 O89 121 $ -28 14 
7 24: ? 4 0.1% 110 -l4 -87 
8 47 110 8 
55 0.14 3 0.4 
£9 3 8 4 
6s 0 44 l 0.14 -87 
67 0.0 79 49 ).87 
i4 075 0.0044 -087 79 - 1.0% 


ig. 9Shape and Dimensions (Inches) of the Oxygen Nozzles Used by 
Assmann’? 


is larger for thick plates than for thin. However, most 
authorities leave the choice of tip distance to the in 
dividual. According to Shibata,’ the customary range of 
tip distances is 0.20 to 0.28 inch, whereas R6thlin®® uses 
0.08 to 0.16 inch. The latter distance was quoted by 
Henrion*'* as the distance from the surface to be cut to 
the cones of the preheating flames. When the surface 
to be cut was so irregular that the tip was prevented from 
approaching the surface to the desired extent, Mitchell®® 
fed a thin strip of ‘fusible’ steel into the kerf to improve 
conditions. 

Tip distance depends more on,the preheating flame 
than on the oxygen jet. A more intense preheat flame 
is used in practice on thick plate than on thin. To ac 
commodate larger flames a larger tip distance is required. 
The following empirical formula for tip distance was 
suggested by Daniel and Durant.'” 

G = 0.027 T + 0.144 
where G = tip distance, inch. 
7 = thickness to be cut, inch. 

Malz** found that he could reduce the tip distance to 
0.08-0.16 inch from the usual 0.20 inch by employing a 
larger diameter of preheat circle, Fig. 12. The larger 
diameter produced a broader, shorter flame that distrib 
uted the heat over a wider area without melting the 
edges of the kerf. One of the difficulties in employing 
too short a tip distance is the rounding of the edges of the 
kerf as a result of melting.*® Furthermore, the flame 
may be reflected on the tip and may damage it,’ or the 
upper part of the cut may be carburized.** Amédéo** 
adjusted tip distance so that the extremity of the white 
cone of the flame was '/; inch from the plate. A “‘short 
gap’ between inner cone and plate is recommended by 
Helmkamp.'* Excessive tip distance wasted heat, 
whereas insufficient distance extinguished the flame 
F. E. Rogers points out (private communication, July 
1939) that air may be induced through the flame into the 
oxygen stream if the tip distance is excessive. 

The rate of discharge of oxygen from the tips used by 
Assmann,*° Fig. 9, was affected by tip distance only if 
the tip were distant from the flat plate to the extent of 
about '/, of the tip diameter or less. For example, the 
oxygen discharge from a tip 0.12 inch diameter was un 
affected by a plate directly in front so long as the plate 
was not closer than 0.024 inch. Kerf width is closely 
related to tip distance, according to Wiss,” Fig. 13, in 
cutting low-carbon steel (no details of tips or speeds). 
If tip distance is excessive, the kerf is wider at the top 
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Fig. 10—Effect of Cutting Oxygen Pressure and Cutting Speed on Dra 

in Machine Cutting Mild Steel 1.18 Inches Thick with Oxygen of 99% 
Purity. As the Oxygen Pressure on the Nozzle 0.059 Inch Diameter Was 
Increased from 50 to 130 Lb./In.*, the Oxygen Consumption Increased 
Uniformly from 170 to 380 Cu. Ft./Hr. As the Oxygen Pressure on the 
Nozzle 0. Inch Diameter Was Increased from 20 to 100 Lb./In. , the 
Oxygen Consumption a from 23 to 80 Cu. Ft./Hr. 

mann’ 


Diameter of Oxygen Nozzle, Cutting Speed, 


Curve Inch (a in Fig. 9) Ft./Hr 
1 0.028 71.5 
2 0.028 59.0 
3 0.028 39.0 
4 0.059 71.5 
5 0.059 59.0 
6 0.059 39.0 
Oxygen Consumption 
Drag, Inch 0.05 0.10 0.15 0.20 
Cu. Cu. Cu Cu Cu. Cu. Cu. Cu 
Curve Ft./Hr. Ft./Ft. Ft./Hr. Ft./Ft. Ft./Hr. Ft./Ft. Ft./Hr. Ft./Ft. 
105 95 1.3 85 1.2 
2 100 1.7 85 1.4 80 1.4 70 1.2 
3 85 32.3 65 Bae 60 1.5 55 1.4 
4 310 4.3 190 2.7 140 2.0 85 1.2 
5 25 4.2 150 2.5 110 1.9 ; ee 
6 165 4.2 100 2.6 : 


With 0.50 inch drag the oxygen consumptions for Curves 1 and 2 are 0.8 and 
1.2 cu. ft./ft., respectively 


than at the bottom. Insufficient tip distance creates 
the opposite condition. According to Rdéthlin,** ex- 
cessive tip distance reduces the cutting speed, probably 
on account of the increased width of kerf. The widen- 
ing of the kerf as tip distance is increased perhaps is re- 
lated to the spreading of the oxygen jet with increasing 
distance from the orifice. 


CUTTING TORCHES 


History 


The fusing of holes in armor plate and other steels 
was accomplished in the 1880's by Fletcher®® who used a 
torch supplied with high-pressure oxygen and coal gas. 
Doubtless Fletcher's process was based on the fact that 
as the oxygen supply to an oxy-gas flame is increased,*’ 
the steel burns to an increasing extent. In 1890 arobber®® 
used an oxy-hydrogen torch supplied with oxygen to 
cut through a bank vault preheated with illuminating 
gas. The method of alternately heating the part to be 
cut with a gas flame and directing a stream of oxygen on 
the heated spot was patented*’ ®§ in 1901, an oxy- 
hydrogen torch of the intermittent type for the purpose 
being exhibited at that time, according to Groth.” The 
cutting speed was only 10% of that attained with present 
continuous-jet torches.*° Lewes’ used an oxyacetylene 
torch in 1902 to cut out damaged parts of steel. The 
first separate-jet torch appears®: *' to have been built in 


1904, although MacDonald” implies that semi-com- 
mercial oxygen-cutting torches were being used in 19(2 
1903. A concentric-jet torch was patented® in 1906, 
and in the same year machine oxygen cutting® was being 
performed in Europe. Despite the claim that a man 
named Harris*! in Cleveland severed steel plates by oxy- 
gen cutting in 1904, Weirs’ states that the oxygen- 
cutting torch was first used in this country in 1907. 
In that year’ 75 material 8 inches thick was cut and by 
1910 the limit had risen’® to 24 inches. 


Concentric-Jet Torches 


The concentric-jet torch is almost universally used, 
Fig. 14. Since Viall’s”’ description of numerous old 
torches in 1921, little has been written about their design 
and manufacture. The preheating jets may issue from 
an approximately annular orifice, or, more generally, 
from two, four or more holes uniformly disposed around 
the central cutting oxygen orifice. For clean plate the 
preheat holes are smaller than for dirty plate or scrap.” 
Kautny* °° believed that there was a considerable 
difference between torches with annular preheating jets 
depending upon whether the oxygen jet projected be- 
yond, or was recessed within, the preheating orifice 
(no details). Torches are supplied with either two or 
three hoses, Fig. 15. The three-hose torches are de- 
signed to retain their adjustment better than the two- 
hose torches, which often require injectors. The pre 
heat mixer may be in the tip or in the handle.”’ Tips 
never are tightened while hot, because they contract on 
cooling.*° In 1917 Herron*' stated that instead of 
inclining the tip 100 or 110° to the handle, manufacturers 
standardized on 90°. Standard German nomenclature”. * 
classifies cutting torches according to the maximum 
thickness which the torch is designed to cut. Thus, 
torch 50 can cut steel up to 50 mm. (2 inches) thick. 


Separate-Jet Torches 


The separate-jet torch was the first to be built and 
was used widely for several years. The preheating jet 
was about | inch in advance® of the cutting jet and was 
3/, inch above the plate. The cutting jet was less than 
1/, inch from the plate. Both jets were perpendicular 
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Fig. 1l—Effect of Tip Diameter on Maximum Cutting Speed at Which 

Zero Drag Can Be Maintained in Mild Steel 0.20 to 3.15 Inches Thick 

Using the Tips Shown in Fig. 2. The Tip Diameter Is the Minimum 
Diameter, d. Malz* 
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Fig. 12—Two Types of Tips. (a = Tip Distance) 


Left—Old type 
Right—New type used by Malz** 


to the plate. As Bardtke® pointed out, it is an advan- 
tage of the separate-jet torch that the oxygen orifice can 
be brought close to the surface. However, in cutting 
mild steel 1.18 inches thick, Amédéo** found that separate- 
jet torches consumed 30% more cutting oxygen per unit 
area than concentric-jet torches, using either acetylene 
or hydrogen. The separate-jet acetylene torch con- 
sumed 30 to 40% more preheating oxygen and acetylene 
than a concentric-jet torch. 

At present, separate-jet torches* ** are used only for 
cutting sheet 0.02 to 0.12 inch thick. Since the cutting 
orifice must be as close to the sheet as possible, the sepa- 
rate-jet torch is inherently suited for sheet. Further- 
more, the preheating is less intense with separate-jet 
than with concentric-jet torches. The acetylene con- 
sumption is low, but the oxygen consumption, Table 15, 
is higher than for concentric-jet torches. The cutting 
jet is only '/3: inch above the sheet,*® but the preheating 
jet is at the usual height. To secure smooth cuts in thin 
sheet without adherent slag the tip is inclined slightly 
so that the flame is in advance of the torch. If a plate 
*/s inch thick is placed on one side of the sheet, heat is 
withdrawn rapidly and there is neither adhering slag nor 
buckling. Schneider’ stated that diversion of heat by 
the guide plate may be undesirable in cutting sheets 
thicker than 0.08 inch. He found no carburization at 
the edge of cuts in sheets 0.024 inch thick containing 
0.02 C, using acetylene for preheating. 


Special Torches 


Numerous special-purpose torches have been de- 
veloped. A detailed drawing of a combined welding and 
cutting torch is explained by Jenkins.** The compass 
principle has been adapted to hole-cutting torches.**. *” 
Analogous torches have been made for cutting curves in 
pipe ends.** Horn** mentioned a cutting torch burning 
a mixture of hydrogen and acetylene, and torches for 
cutting cast iron** sometimes provide a little acetylene 
in the cutting oxygen to preheat it. The efficiency of the 
torch is increased, it was claimed in 1927, by mixing 
acetylene with the cutting oxygen.*® Torches § ft. long 
were used by Mathy*® (twin tip) to sever rails and by an 
English writer*! to crop white hot blooms. A portable 
oxygen-cutting outfit has been constructed?” for steel up 
to2 inches thick. One of the tips supplied with the torch 
is especially short: 1‘/s inches over-all. 

A patented torch®? to yield extremely narrow kerfs 
(0.040 and 0.072 inch wide in steel 1.2 and 4 inches 
thick, respectively) supplied preheating gases which dis- 
charged as cooling jets on the steel before burning. 
Extremely wide kerfs (°/ inch wide in plates */). and 
*/s inch thick) were cut by Pederick® with a large torch 
having a pin inserted centrally in the cutting orifice. 

Rivet-cutting torches’ ** have large cutting orifices 
of the low-pressure, low-velocity type with intense pre- 
heating flames. The tip is held close to the rivet head, 
the flames impinging on the center of the head. The 
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oxygen valve is opened slowly after the head has become 
bright red. A crater is formed and the head is consumed 
in a few seconds. Since slag does not plug the tip, the 
torch need not be raised as the oxygen valve is opened. 
A torch, Fig. 16, based on the principle of severing the 
head along the plane of the plate is described by German 
writers. In the hands of inexpert operators the torch 
is likely to score the plate. 


Flashback 


Like welding torches, early oxyacetylene cutting 
torches® *° were afflicted with flashback, which some- 
times was the greatest difficulty to be overcome. A 
designer’® in 1907 utilized a simple water-cooling device 
to prevent flashback. High gas velocities®® also have 
been considered essential, the torch being designed with- 
out restricting passages and with mixing chambers be- 
yond the heat of cutting. One the other hand, a German 
torch” had a disk with fine holes inserted in the preheat 
passages to cool the gases and to assure slow distribution 
of the explosion pressure. 
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Fig. 13—Effect of Tip Distance on Width of Kerf in Oxygen Cutting Low 
Carbon Steel. Wiss'*! 


Table 15—Cutting Table for Manual Sheet Cutting 


Consump- Acety 
Diameter Pressure tion of lene Con- 


Thickness of Oxygen of Cutting Oxygen,* sumption, Cutting 


of Sheet, Nozzle, Oxygen, Cu. Ft./ Cu. Ft./ Speed, 
Inch Inch Lb./In.? Hr Hr. Ft./Hr. 
0.020 0.020 11.5 16.0 3.5 130 
0.059 0.020 14 18.5 5.3 114 
0.12 0.028 14 21 5.3 8S 
0.20 0.028 21 28 6.4 65 


* In 1937 the quoted oxygen consumption was 44-44 cu. ft./hr 
for sheets 0.02—0.08 in. thick, and 64—110 cu. ft./hr. for sheets 0.08 
0.20 in. thick. 
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Machines 


Hand-actuated oxygen-cutting machines probably 
were first used®’ in 1906, their use rapidly extending.” 
A motor-actuated oxygen-cutting machine’’ capable of 
cutting any outline within a diameter of 17 ft. was built 
in 1911. A commercial motor-actuated machine was 
first publicly exhibited'®’’ in 1912. Numerous machines 
were described in the technical press in subsequent 
years, '®' yet in 1930 the manual torch*’ still remained the 
principal gas-cutting tool. Details of the construction 
of the latest oxygen-cutting machines have not been 
aired in the literature. Manufacturer's catalogs there 
fore should be consulted. 

Among recent brief descriptions of cutting machines, 
Schimpke and Horn’s* is probably most comprehensive. 
Kemper'** and Schneider** also describe European ma- 
chines. An English journal'®’ describes a machine for 
cutting locomotive frames. Another single-torch ma 
chine'®’* is mounted on parallel rails 6 ft. apart and cuts 
circles up to 65 inches diameter. Helmkamp' discusses 
multi-torch machines in general, and H. E. Smith!'’* 


Fig. 14—The Cutting Torch Starting a Cut and in Action. Educational 
ommittee of American Welding Society®" 


demonstrates the conversion of a milling machine to an 
oxygen-cutting machine. 

To cut curved or warped plate up to 4'/, inches thick 
Walker'® devised a three-wheel support for a portable 
machine equipped with a concentric-jet torch having four 
preheating jets. The driving wheel on one side was 
moved to the center and was chain-coupled to the driving 
axle. The driving wheel was knurled and was lowered to 
compensate for the templet for the grooved wheels on 
the other side of the machine. The torch was mounted 
opposite the chain-driven wheel and in direct line with it 
so that the torch deviated vety little from being at the 
proper angle (radial) to the curved surface at any point 
on the cut. A centrifugal governor maintained con- 
stant speed even on 20% grades. 

Another special machine'’ cuts the projections from 
worn grooved trolley rails. There is also a hand-actuated 
machine™* for cutting holes 2'/. inches diameter in rail 
webs. A bevel hole cutter is described by Pradel.'’’ 
A cutting machine''’ has been developed which straddles 


B 


Fig 15—Basic Types of Oxygen-Cutting Torches. Schimpke-Horn 


(a) Two-hose type: A—oxygen; B—fuel gas; C—valve for cutting oxygen 
valve for preheating oxygen; E—valve for fuel gas 
(b) Three-hose type A—high-pressure cutting oxygen; B— low-pressure oxygen 
for preheating; C—tuel gas 


the work and cuts long bars. Ehret*® describes a motor 
drive that can be attached to a manual torch. 
Templets have received little attention in the litera- 
ture. General notes on the subject have been prepared 
by Ross!!! and Welding Engineer.''* An attachment 
has been made by Telgheider''* whereby a manual torch 
can cut to templets. DeLempdes''' and de Jessey*” 
outline the elementary principles upon which templets of 


A 2 


2 


54 
Fig. 16—Tip of a Rivet-Cutting Torch. Schimpke-Horn’ 


1—preheating fames; 2—tip; 3—pivot; 4—tubes for preheating gases; 5—tube fo 
cutting oxygen; 6—direction of flow of cutting oxygen; A—rivet head; B—surtece of 
plate 


the magnetic adherence type are based. Hart'!® points 
out that square corners are extremely difficult to cut on 
concave surfaces if templets alone are relied upon. Bell*”” 
illustrates an adjustable templet for machine-cutting 
square or rectangular plates. Templet allowances are 
quoted by The Complete Welder.*** 


OXYGEN NOZZLES 


The hole from which the cutting oxygen emerges be- 
fore cutting the steel is known as the oxygen nozzle. 
The exit of the nozzle is called the oxygen exit, and the 
minimum diameter, if any, of the hole is known as the 
throat of the nozzle. The speed and shape of the 
oxygen-cutting jet is determined by the shape of the 
nozzle and the oxygen pressure. The oxygen discharg' 
is proportional to throat area and also depends on oxyge" 
pressure. The speed and shape of the oxygen jet ar 
little affected by the preheating flames and are know! 
to have some effect on the cut and the cutting operation 


Speed of Cutting Oxygen Jet 


The speed of sound in oxygen at 0° C. and atmos 
pheric pressure is 1040 ft./sec. According to Slottman 
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the speed of the oxygen jet in oxygen cutting is 1000 to 


1500 ft./sec. Measurements on 13 commercial torches 
in 1922 by Johnston,* Table 16, also showed that oxygen 


Table 16—Speed of the Oxygen* Cutting Jet. Johnston’ 


Thickness Oxygen Pressure, Oxygen Speed? of 
of Plate, Lb./In.?, at Consumption, Oxygen Jet, 
Inch Torch Handle Cu. Ft./Hr. Ft./Sec. 
5.74- 39.74 130 5380-1975 
2 21.91-— 58.97 87-— 243 863-2979 
6 67 .39-103.2 251— 546 1589-3761 
10 117.3 -—165.7 701-1216 2889-4912 


* Oxygen purity = 98.3% + 0.2%. 
+ The speed appears to have been computed from consumption 
and nozzle area. 


speed often was higher than the speed of sound. How- 
ever, the speeds did not vary with pressure according to 
the formula. Instead, a more nearly linear relationship 
appears to apply. In contrast with Johnston, Mies'*® 
observed speeds of only 1150-1800 ft./sec. at oxygen 
pressures of 35-185 Ib./in.? 

The following empirical relation between oxygen speed 
within the nozzle Vc (no details) and the thickness to be 
machine cut, 7’, was proposed by Daniel and Durant:'* 


log Ve = 0.269 log T + 3.2675 


Although Nixon''® believed kinetic energy was the most 
important property of an oxygen jet, Daniel and Durant!” 
and a writer''’ in 1925 concentrated attention on speed. 


Discharge 


As Malz** and Zobel''* showed, for a given temperature 
and discharge pressure, the rate of discharge is propor- 
tional to inlet pressure for pressure ratios less than the 
critical, which are customary. The rate of discharge 
(cu. ft./min.) of oxygen from a cylindrical nozzle (No. 53 
drill, length not stated) was found by Wilson*' to de- 
crease as the inlet temperature of the oxygen was in- 
creased up to 200° C. at pressures of 45 to 70 Ib./in.? 
gage. If the initial temperature of the oxygen was 200° 
C., the temperature of the oxygen as it left the nozzle 
was only 160° C. in expanding from a pressure of 25 Ib. 
in.* gage. The main temperature drop occurred at the 
exit. 


Shape of Jet 


The shape of oxygen jets depends on the pressure and 
the type of orifice or nozzle. A jet of gas from a simple 
orifice at first extends below the discharge pressure, too 
much potential energy being converted into kinetic 
energy, provided the critical pressure ratio is exceeded. 
Consequently, the sides of the jet are not parallel be- 
cause the pressure is higher within the nozzle than just 
outside. 

The simplest expedient to produce an approximately 
parallel-sided jet is to lengthen a cylindrical nozzle. 
Some types of cutting nozzles consist of a drill hole per- 
haps '/. inch long with an enlarged inlet and slightly 
rounded exit. 

In an effort to investigate the jet from a stationary 
cylindrical cutting nozzle, Hilpert'!? made photographs 
(390 frames/sec.) in reflected light of an oxygen-cutting 
operation with camera sighted on kerf and work moving 
toward camera. The photographs were difficult to in- 
terpret, but revealed whirls in the kerf which became 
more pronounced as the oxygen pressure was increased. 
The slag particles, instead of moving vertically down- 
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ward, were driven in a helical path. Infra-red film 
added no further information. Photographs (1200 
frames/sec.) in reflected light also were made by Bul 
lock,'*® who sighted the camera on a shaving cut made on 
one edge of a steel plate. The photographs failed to 
outline the shape of the jet, but appeared to substantiate 
the belief that the roughness of an oxygen-cut surface is 
related to ‘‘a periodic stream disturbance of extremely 
high velocity due to mechanical shock impulse in the 
nozzle’’ (no details). 

Shadow photography at 200 frames /sec. was attempted 
by Bullock'*® with considerable success. There appeared 
to be several successive expansions and contractions of 
the jet (no details of nozzle or pressures) before it broad- 
ened widely. These ‘‘flow nodes,’ as Malz'*' and De- 
ming'** state, are caused by high initial pressure and are 
believed to cause, in turn, horizontal flutes on the oxygen- 
cut surface. The nodes are found in any free jet flowing 
at ultrasonic speed from a nozzle whose exit is perpen- 
dicular to the axis. 

If the speed in a nozzle of uniform section is ultrasonic, 
the pressure at the exit is above discharge pressure. 
The oxygen at the periphery of the exit is reduced to dis 
charge pressure or less through a shock wave of rare 
faction, A,, in Fig. 17. The gas in the center of the jet 
is not reduced in pressure until beyond the exit, because 
the shock wave is propagated with the speed of sound. 
The shock wave establishes discharge pressure in space 
C\; the jet broadens through expansion. The interpene- 
tration of the two waves of rarefaction in space B, further 
reduces the pressure in D. The atmosphere in contact 
with the high-speed jet behaves as a wall from which the 
wave of rarefaction is reflected as a wave of compression. 
Thus, discharge pressure is re-established in space C». 
The compression waves interpenetrate in B,, and con 
tinue the increase in pressure in Ay. The same pressure, 
therefore, exists in E asin Ay. Friction at the periphery 
of the jet prevents more than a few recurrences of the 
nodes represented by E. 

By means of the Schlieren method Maier'** showed 
that the nodes are observed at pressure ratios corre- 
sponding to the critical, and that the wave length of the 
nodes increases as the oxygen pressure is_ increased. 
Correspondingly, the vertical distance between horizontal 
flutes, which is the same as the distance between nodes, '*! 
increased as the oxygen speed increased. Malz and 
Conrady"! showed that the oxygen jet clings to the 
steel surface and is not appreciably deflected unless the 
obstructing steel is pushed far into the jet. The jet did 
not bounce from a flat surface. Cylindrical nozzles of 
elliptical cross section yielded jets of the same Schlieren 
pattern as similar nozzles of circular section. 


Convergent-Divergent Nozzles 


Jets having higher speeds and more nearly constant 
cross section issue from convergent-divergent nozzles 
than from cylindrical nozzles. Both attributes being 
desirable in oxygen cutting, it is no wonder that experi 
menters seeking still higher oxygen-cutting speeds and 


Fig. 17—Prandtl's Illustration of a Jet Flowing in a Plane and in Which 
the Back Pressure Is Lower Than the Pressure at the Exit of the Nozz 
Stodola 
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Fig. 18—Expansion of the Nozzle F;/F; for Different Pressure Ratios 
pi/p: and the Ratio of det Velocity W to Velocity of Sound a. Zobel''*® 


pi = Pressure at throat of nozzle ; 
pe = Pressure at exit cross section of nozzle 
D: and Fi = Diameter and cross section, respectively, at throat of nozzle 
Dz and Fz = Diameter and cross section, respectively, at exit of nozzle 
Diameter and 
Pe F:/F, De/ Dy W/a 
OO 7.98 2.83 2.43 
20 3.97 1.99 2.18 
10 2.44 1.56 1.92 
s 2.07 1.44 1.86 
6 1.72 1.31 1.74 
4 1.35 1.16 1.55 
2 1.02 1.01 1.12 


smoother cuts have explored the possibilities of conver- 
gent-divergent nozzles in which the oxygen, after pass- 
ing through a constricted portion, is allowed to increase 
its speed beyond the local velocity of sound in a diverging 
portion of the nozzle, Fig. 18. Convergent-divergent 
nozzles have two drawbacks: (1) maximum effectiveness 
demands smooth walls and accurate profile, which are 
difficult to attain in the small boxes required for cutting; 
(2) the jet is not parallel if the oxygen pressure is higher 
than that for which the nozzle was designed. 

Schneider'** states that convergent-divergent nozzles 
of Laval type were supplied with the first oxy-hydrogen 
cutting nozzles that were made, but were quickly re- 
placed by simpler nozzles. The Laval nozzle, an ex- 
ample of which is shown in Fig. 19, utilizes the divergent 
portion of the nozzle to produce ultrasonic jets and ex- 
pand the oxygen from a prescribed torch pressure to 
atmospheric. 

The shape of the jet is parallel (uniform cross 
section) if the oxygen pressure is that for which the 
nozzle is designed, Fig. 20, Curve B, because back pres- 
sure (atmospheric) is exactly equal to the pressure at the 
end of the expansion. If the oxygen pressure is too high 
or the back pressure too low, Fig. 20, Curve A, acoustic 
vibrations and nodes are produced. The jet expands 
irregularly beyond the end of the nozzle, which is unde- 
sirable in oxygen cutting. Insufficient oxygen pressure 
(too high back pressure) creates compression shock, Fig. 


20, Curve C. The jet contracts irregularly beyond the 
nozzle. If the oxygen pressure is so low that the surge 
of pressure extends into the interior of the nozzle, Fig. 20, 
Curve D, the pronounced vibrations at somewhat lower 
pressures are decreased in intensity. In any event, 
Curve B requires precise adjustment of pressure. Condi 
tions at the end of a cylindrical nozzle correspond with 
Curves C or D, Fig. 20. 

Interest in the Laval nozzle for oxygen cutting has 
revived in recent years. Titscher'*® recommended a 
conical, convergent-divergent nozzle, Fig. 21, for machine 
cutting steel over 6 inches thick. The Laval jet was said 
to produce no ridge at the bottom of the cut, and the 
kerf narrowed rather than widened toward the bottom 
Titscher reported smooth cuts and savings in oxygen (no 
details). 

More detailed information on Laval nozzles has been 
supplied by Zobel,''® whose nozzles have been approved 
by Daniel and Durant.'* Zobel determined the shape 
and length of oxygen jets from Laval nozzles, Fig. 19, 
in which D,; = 0.059 inch, Dz = 0.098, 0.12 or 0.14 inch, 
and angle a was 7, 8, 9 or 10°. The pressure (oxygen 
purity = 99.5%) was varied between 28 and 228 lb. in.* 
An interference refractometer was utilized in conjunce- 
tion with the Schlieren method to reveal differences in 
density in the jet, which corresponded with variations 
in cross section. Detailed interpretation of the inter- 
ference patterns, which were reproduced on extremely 
small scale, was not attempted by Zobel. The inter- 
ference patterns convinced him that the nozzle having an 
angle of divergence of 7° and an exit diameter of 0.098 
inch was most satisfactory. The jet from the Laval 
nozzle retained a useful shape at pressures up to 360 
Ib./in.?, compared with 170 for a cylindrical 
nozzle. At an oxygen pressure of 210 Ib./in.’ the 
cylindrical nozzle was said to have 40% greater loss in 
energy due to shock at the exit than the Laval nozzle. 

The preferred Laval nozzle (a = 7°, D; = 0.059 inch, 
D. = 0.098 inch) was used to machine cut mild steel 1.2 
to 8 inches thick, Table 17, with zero drag, a neutral, 
annular preheating flame and a tip distance of 0.16 inch. 
The cutting speed and pressure are unusually high, the 
cutting speeds being 100° higher than those determined 
by Malz*’ for cuts of zero drag. The preheating flame 
was correspondingly large, and the total oxygen con- 
sumption was extremely high. Zobel stated that keri 
width increased with increasing pressure corresponding 
to the increase in diameter of jet (nodetails). In cutting 
plates 1.58 inches thick with the preferred Laval nozzle 
the pressure required to maintain zero drag increased 
in direct proportion as the cutting speed increased. As 
the cutting speed was increased from 20 to 89 ft. hr., 
the oxygen pressure had to be increased from 43 to 114 
Ib./in.? 

Schneider'** is less enthusiastic than Zobel about the 
Laval nozzles. Since two to three times higher oxygen 
pressures must be used for the Laval nozzle than for 
cylindrical nozzles, the higher rate of oxygen consump- 
tion requires manifolding of oxygen tanks. To secure 
maximum effectiveness a different Laval tip should be 
used for different thicknesses (no details). Schneider 
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Fig. 19—Basic Shape of the Special Nozzles Used by Zobel’ 
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maintained that the Laval jet did not produce smooth 
cuts. 

Instead of Laval nozzles, compromise nozzles have been 
used for oxygen cutting. The compromise nozzles are 
simpler to manufacture, but are less effective than the 
Laval nozzle in producing a jet of uniform cross section. 
A compromise nozzle, Fig. 22, recommended by Horn 
consists of two cylindrical portions, the diameter of the 
inner portion being twice the outer. Rounding the exits 
of a cylindrical nozzle also was said to offset spreading. 

Several compromise nozzles were tested by Malz.*’ The 
maximum pressure beyond which there was spreading of 
the jet from the compromise nozzles (shown in Fig. 2 of 
the section on Cutting Oxygen Pressure) decreased as 
the bore of the nozzle increased, Fig. 23. The simple 
cylindrical nozzle and two other compromise nozzles 
were not so effective in producing a narrow jet, Fig. 24, as 
the Horn nozzle. However, at high oxygen pressures 
the jets from nozzles with rounded exits and shaped 
divergent sections were more nearly parallel than jets 
from the unshaped nozzles. Accordingly, the shaped 
nozzles produced more uniform kerfs (no details) than 
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Fig. 20—Acoustic Vibrations and Compression Shock at the End of a 
Nozzle. Stodola 


the unshaped nozzles. A qualitative discussion of two 
compromise nozzles by Nixon'!* appeared to show that a 
convergent nozzle with short parallel exit section would 
be improved by the addition of a divergent section to 
the exit end. 


Preheating Jets 


The preheating jets of concentric-jet cutting nozzles 
appear to have little effect on the shape of the cutting 


Table 17—Machine Oxygen Cutting Mild Steel with Zobel 
18 


Cutting 
Oxygen Total Total 
Pressure Oxygen Acetylene Oxygen 
Plate at Inlet Cutting Consump- Consump- Consump- 


Thickness, to Tip, Speed, tion, Cu. tion, Cu. tion, Cu. 
Inch Lb./In.2 Ft./Hr. Ft./Hr.  Ft./Hr. Ft./Hr. 


1.58 114 89 640 43 7.3 
3.15 200 79 1380 63 17.5 
3.9 228 75 1600 70 21.4 
4.7 256 69 1950 28.2 
5.9 285 59 2550 100 43.3 
7.9 340 39 4600 160 118 


| 
be > 
Fig. 21(Left)—Convergent-Divergent Nozzle for Oxygen Cutting Mild 
Steel Proposed by Titscher' 


Fig. 22(Right)—Enlarged Oxygen Orifice to Prevent Divergence of the Oxy- 

genStream. The Oxygen Was Believed to Resist Divergence Through the 

Action of the Adjacent Air, Which Moved in the Path Shown by the 

Arrows. The Diameter of the Expanded Section of the Nozzle Was Twice 
the Diameter of the Throat. Horn 


oxygen jet. Malz and [Conrady"! showed that the ig- 
nited preheating jet alone is ‘‘very turbulent”’ in Schlieren 
photographs. The ignited oxy-hydrogen preheating 
flame increased the length of the oxygen jet that was 
visible in the photographs. As the cutting oxygen valve 
was opened, more and more of the preheating jet was 
sucked into the cutting stream through injector action 
In Maier’s'** tests the unignited hydrogen preheating 
jet was absorbed completely 0.10 inch beyond the tip. 
Injector action also has been observed with Laval 
nozzles.'*® Sufficiently high pressure extinguished the 
flame.'*! In heavy cutting with high oxygen pressure 
the long oxy-hydrogen flame was said to be superior to 
the oxyacetylene flame for preheating. It should be 
mentioned that some of the Schlieren photographs sug 
gest that, instead of being sucked into the cutting oxygen, 
the preheating jets rapidly broaden and envelop the 
central core. Zobel''* stated without proof that the pre 
heating jet serves as a protective sheath, preventing the 
cutting jet from broadening. 


PREHEATING FLAME 


The primary purpose of the preheating flames of a 
cutting torch is to raise the temperature to the ignition 
point in starting and continuing the cut. Once the cut 
is started there may be no need of preheating flames, as 
in lance cutting. For all but relatively thick material, 
however, preheating flames are required to maintain umi 
formly high-speed cutting.'** The precise conditions 
under which the preheating flame is unnecessary have not 
been determined. For convenience, all but sheet torches 
have tips with concentric preheating flames. The pre 
heating flame may form a jacket around the oxygen jet 
or may consist of four or six flames uniformly spaced 
around the central oxygen jet. In either type a part ot 
the preheating flame is ineffective, because it passes 
through the kerf without striking the metal. In addi 
tion to maintaining the steel in front of the oxygen jet 
at the ignition temperature, the preheating flame may re 
tard the rate of heating and cooling of the metal in the 
vicinity of the kerf during cutting, may raise the tempera 
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Fig. 23—Maximum Oxygen Pressure at Which an Approximately Parallel 

det Is Attained with the Nozzles Shown in Fig. 2. The Tip Steonster 

Is the Minimum Diameterd. Theshape of the Jet Was Observed with the 
Aid of Schlieren Apparatus. Malz” 


ture of the cutting oxygen and may affect conditions in 
the kerf by raising the temperature or by supplying non- 
oxidizing gas to the cutting stream. 

Recommended oxygen and acetylene settings for the 
preheating flame are summarized in Tables 1 to 3. The 
following formulas are suggested by Daniel and Durant.'* 


Q = 14T + 1.78 
QO = 0.56P + 6.5 
QO = 0.022K+ 16.5 


where YQ = consumption of heating oxygen, cu. ft./hr. 
7 = thickness to be cut, inch. 
P = pressure of oxygen for preheating, Ib./in.? 
K = consumption of cutting oxygen, cu. ft./hr. 


The first and third formulas are not well substantiated 
by Tables | and 2. The second formula will apply only 
if the jet velocity is supersonic. Since the gas pressures 
in Table | are below the critical value for steel up to at 
least 6 inches thick, the formula may apply only to heavy 
cutting. Unquestionably, however, the formulas are 
useful for practical purposes. According to de Jessey,*'” 
the acetylene consumption is '/j the consumption of 
cutting oxygen, slightly more for thin material and a 
little less for thick. 

Most authorities*: ** recommend a neutral flame 
with the cutting oxygen valve open. Detailed instruc- 
tions for lighting cutting torches are given by a number 
of writers, Owens,'’forexample. The first step is to open 
the oxygen preheating valve wide. The oxygen is 
allowed to flow across a flame'®’ as the acetylene valve is 
opened slowly. According to Réthlin,*® the acetylene 
valve on injector torches is opened wide, whereas on 
pressure torches the acetylene valve is only partly 
opened, in both torches to secure a neutral flame. The 
acetylene pressure is 0.3 to 0.7 Ib. /in.* for pressure torches 
and is generator pressure for injector torches. An addi- 


tional oxygen valve on the torch side of the cutting oxygen 
branch may be used to regulate the size of the flame. As 
the cutting oxygen valve is opened the flame may 
lengthen and may require readjustment. Riviére'® stated 
that the length of the preheating flame must be at least 
equal to the thickness to be cut. For thick material the 
flame should be reducing ‘‘in order to increase the tempera- 
ture of the interior of the flame.”’ 

An oxidizing preheat flame was recommended by 
in 1911 (3 vol. to 4 vol. O.) and Rogers.’ 
For most steels Mathy‘ believes an oxidizing preheating 
flame is best, although for cromansil, chromium-molyb- 
denum, chromium-vanadium and nickel-chromium steels 
a neutral flame was best. A reducing flame was pre- 
ferred for 4-6% Cr steel, high speed steel, stainless steels 
and cast iron. Ketchbaw'® observed that an oxidizing 
flame is a disadvantage in most respects, but that it in 
creases the cutting speed up to 2'/, inches thick. Shi- 
bata® stated that an oxidizing preheat flame increases 
the tendency toward fused edges. To avoid melting 
the upper surface of mild steel Holler and Schneider* 
provided a device to suck air into the acetylene to lower 
the flame temperature. Horn®* found that oxidizing 
flames produced rough cuts and decarburized the upper 
surfaces. 

Since the maximum oxyacetylene flame temperature 
is attained at an oxygen—acetylene ratio of 1.7 or 1.46 to 
1, it is natural to expect that the preheating time will 
be shorter for an oxidizing flame than for a neutral flame, 
as Slottman'** demonstrated, Fig.25. He played the pre- 
heating flame of a three-hose cutting torch (size not 
stated) on the center of a piece of steel 2 inches square, 
'/ inch thick (no details of method of backing the plate). 
After an interval of time had elapsed, the oxygen valve 
was opened to determine whether the temperature was 
sufficiently high to start cutting. From the standpoint 
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Fig. 24—Width of Oxygen det from Four Different Nozzles, 0.055 Inch 
Throat Diameter, as a Function of Oxygen Pressure. The Width of the 
det Was Determined from Schlieren Photographs. Malz” 


Curves 1—Diameter of jet at exit 
Curves 2—Maximum diameter cf jet 
Diameter at exit of nozzle C = 0.067 inch 
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of preheating time alone it is advantageous to use an 
oxidizing preheating flame. As the acetylene consump- 
tion is increased, the preheating time becomes shorter. 
[he preheating times in Fig. 25 apply only to hole pierc- 
ing, not to line cutting in which only the edge of the steel 
is preheated. 

The proportion of the total heat evolved in oxygen 
cutting that is supplied by the preheating flame may be 
ereater than 50% in steel less than '/, inch thick, but 
less than 10% in steel 6 inches thick, as Ussher®® pointed 
out. In other words, the preheating flame is not re- 
quired to bring all parts of the cut to the ignition tem- 
perature; its main function is fulfilled when it has 
brought the surface of the steel to the temperature at 
which ignition occurs in the oxygen jet. The relatively 
large preheating flame for thin steel is necessitated by the 
difficulty in preventing back firing of extremely small 
oxyacetylene flames. 

A heat balance of oxygen cutting with practically zero 
drag at the highest possible cutting speed has been made 
by Malz.** Using 12,360 cal./m.* as the heat of combus- 
tion of acetylene, Malz found that the acetylene con- 
sumption per unit length required to produce smooth 
cuts was directly proportional to thickness and was 
nearly independent of the diameter of the cutting orifice. 
The heat yielded by the combustion of iron was calculated 
from the composition and quantity of cutting slag, 
Fe;O, being regarded as an equivalent quantity of Fe.O; 
for simplicity. Based on unit length, the heat yielded 
by combustion of iron was directly proportional to tip 
diameter and to thickness. Specific and latent heats 
were neglected. The ratio of heat supplied by combus- 
tion of iron to heat supplied by preheat flame, Fig. 26, 
increased with increase in both tip diameter and thick- 
ness. The increase in the ratio was more pronounced 
with thin plates than with thick. An increase in tip 
diameter increased the proportion of heat supplied by 
combustion of iron mainly for the reason that the kerf 
was enlarged. It should be mentioned that extremely 
large tips required larger preheat flames than smaller 
tips to cut thick steel at zero drag and maximum speed. 
Nevertheless, cuts of equal smoothness and drag were 
secured. 

The conclusions reached by Malz agree with Crowe 
and Deming’s' observation that the consumption of 
cutting oxygen per unit time is completely independent 
of the intensity of the preheating flame. At a cutting 
speed of 47 ft./hr. in 0.21 C steel °/, inch thick (diam- 
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Fig. 25—Effect of Increasing the Acetylene Consumption in Decreasing 

the Preheating Time Using Two Different Ratios of Oxygen to Acetylene. 

The Flame Was Played on the Center of a 2-Inch Square of Mild Steel ! 

Inch Thick. At Intervals the Cutting Oxygen Valve Was Opened to De- 

termine Whether the Steel Was Sufficiently Preheated to Burn in the 
Oxygen Stream. Slottman'!” 
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Fig. 26—Effect of Tip Diameter on the Ratio of Heat Evolved by Com- 
bustion of Iron to Heat Developed by Preheating Flames in Cutting Mild 
Steel 0.20 to 3.15 Inches Thick at the Maximum Speed at Which Prac- 
tically Zero Drag Could Be Maintained. Insert at Upper Left Shows 
the Effect of Thickness on the Ratio Using a Tip 0.055 Inch Diameter 
The Tip Diameter Is the Minimum Diameter d in Fig. 2. Malz” 


eter of cutting orifice = 0.052 inch), variations in inten 
sity of preheating flame from miki to intense (no details) 
had no consistent or appreciable effect on drag at a given 
oxygen consumption. Nevertheless, Mitchell*® observed 
in 1915 that if the preheating flame (probably oxy- 
hydrogen) was too powerful, the cutting speed was re 
duced and the cut surfaces were rough. Amédéo** also 
found that the intensity of preheating flame (oxy 
hydrogen) was important (see section on Preheating 
Fuels), but later concluded that drag in oxyacetylene 
cutting could be decreased by increasing the acetylene 
consumption. A small but consistent increase in drag 
as the preheating flame was intensified was found by 
de Jessey,'*’ as well. 

Machine oxygen cuts were made in rolled mild steel 
(0.195 C, 0.70 Mn, 0.15 Si) 1 inch thick by de Jessey'’® 
with a tip having an oxygen orifice 0.059 inch diameter 
and five concentric preheating jets. Cuts were 1.6 
inches apart, 11 inches long and were made on the plate 
after it had cooled to room temperature. The cuts 
were made at a constant speed of 46 ft. /hr., the oxygen 
pressures being 37 Ib./in.* for cutting and 14 Ib./in.* for 
preheating (oxygen purity = 99% + 0.05%). Differ 
ent acetylene consumptions were secured by changing 
the acetylene pressure and adjusting the needle valve 
Drag was measured in the second half of each cut. As 
the acetylene consumption was increased from 3.5 to 
21 cu. ft./hr., the drag, Fig. 27, gradually increased to 
0.18 inch from 0.10 inch. Melting at the top of the cut 
occurred only beyond 14 cu. ft./hr. and had no special 
influence on drag. According to Helmkamp,'*' if the 
tip has four preheating holes, two holes should be cen 
tered in line over the cut to obtain sharp upper edges. 

In a second series of tests using the same procedure 
except that cuts were 5'/» inches long, de Jessey'™ found 
that, at any cutting speed between 20 and 95 ft./hr., drag 
was about 15% greater if the acetylene consumption was 
16 cu. ft./hr., Fig. 28, than if it was 9 cu. ft./hr Che 
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Fig. 27-—-Effect of Acetylene Consumption on Drag in Machine Oxygen 
Cutting Mild Steel 1 Inch Thick at 46 Ft./Hr. Using Oxygen of a Purity 
of 99.0% at 36 Lb./In.?. De Jessey'” 


cuts made at the slower speeds appeared to become 
smoother as the acetylene consumption was increased. 

A detailed study of combustion in the oxyacetylene 
preheating flame was attempted without success by 
Wehrmann.'** In place of the step-by-step combustion 
observed in the welding flame, combustion in the pre- 
heating flame, which had excess oxygen, occurred in a 
single step, the flame temperature being lowered by the 
excess oxygen and by immediate dissociation of H,O and 
CO,. However, the flame is not diluted with air because 
it is protected by the kerf. Furthermore, heat is not 
radiated to the air but to the material. Neither the 
free-burning nor the operating preheating flame could 
be subjected to temperature measurements. Wehr- 
mann emphasized the difference between the free-burning 
flame and the flame during cutting. 


PREHEATING FUELS 


The literature reveals that a great many fuels may be 
substituted for acetylene in oxygen cutting, but apart 
from cost, which is essentially a local consideration, there 
is scant technical basis for their preference over acetylene. 
Crowe and Deming (see Welding Handbook, 1938 
Edition, pp. 304-306) compare the different preheating 
fuels. In agreement with Mabbs,'** acetylene’s promi- 
nent position is attributed primarily to its high flame 
temperature and rate of flame propagation. Only di- 
acetylene (CyH2, 4080° C.) and triacetylene (CsHe, 
4400° C.) had higher flame temperatures than acetylene 
(3200° C.) in Kraus’s'** calculations involving 17 homo- 
logues of acetylene. The heat of decomposition of acet- 
ylene, which preheats the fuel to 1100° C., accounts’® 
for the high temperature of the oxyacetylene flame. 

According to the criterion adopted by Leroy and 
Fassbinder'** for preheating fuels, the ratio of the heat of 
the secondary flame reaction to the heat of the primary 
reaction, Table 18, should be as high as possible without 
lowering the maximum flame temperature. The larger 
the ratio, the greater is the extent to which the heat 
spreads out from the tip and the more favorable is the 
distribution of heat. 

The quantity of air drawn into the flame also was an 
important criterion, in Leroy and Fassbinder’s opinion, 
of the ability of the flame to deliver heat to the kerf. 
A flame whose products are diluted by large quantities 
of air loses a correspondingly large proportion of its heat 
tothe air. The quantity was assumed to be proportional 
to the volume occupied by the products of complete 


combustion per unit of calorific power. These volumes 
are in the ratio 1.67:1.26:1.00 for the oxy-hydrogen, oxy- 
butane and oxyacetylene flames, respectively. 

The effect of air drawn into the flame must be dis- 
tinguished from the pollution of cutting oxygen by the 
products of combustion of the preheating flame. Pollu- 
tion seems to have little effect on consumption of cutting 
oxygen, for Slottman’” attributed the slight differences 
(no details) in consumption of cutting oxygen in his tests 
of natural gas, city gas and propane to tip design rather 
than to fuel. Heyman'*® stated that tips must be so 
designed for testing different fuels that the same rate of 
supply of heat is provided for each gas. On the other 
hand, Granjon and Séférian'*® believed that a reducing 
type of flame, such as the oxyacetylene flame, required 
slightly larger quantities of cutting oxygen than an oxi- 
dizing preheating flame owing to the high CO content of 
the former, but the increase might be canceled by a high 
flame temperature, which preheats the cutting jet and 
“‘activates’’ the oxidation of iron. 

As Daniel and Durant’ point out, the two most im- 
portant properties of preheating fuels are: (1) amount of 
available heat yielded by the gas at the temperature 
of the process. Heat of combustion alone is not a suffi- 
cient guide, although, for example, at 1:1 ratio the oxy- 
acetylene flame yields 200,000 B. t. u. per molecular 
volume of acetylene, whereas propane yields only 100,000 
B. t. u. per molecular volume of propane. Both flame 
temperature and that portion of the total heat of com- 
bustion which is available above the working tempera- 
ture of the process are implied'*’ in the first property. 
The second essential property is: (2) amount of oxygen 
required for combustion of fuel at the cutting tip. The 
major disadvantage of fuel gases other than acetylene is 
the high ratio of preheating oxygen to fuel, according to 
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Fig. 28—Effect of Cutting Speed on Drag in Machine Oxygen Cutting 
Mild Steel 1 Inch Thick Using 8.8 or 16.1 Cu. Ft. Acetylene per Hr., anc 
Cutting Oxygen (99.0% Purity) at 36 Lb./In.? De Jdessey'” 


Full line: 8.8 cu. ft. acetylene per hr 
Dotted line: 16.1 cu. ft. acetylene per hr. 
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Table 18—Criterion for Preheating Fuels. Leroy and Fassbinder'* 


Composition Total Calorific Heat of 
of Initial Value Q, Primary Reaction, 
Mixture Cal. / Mol. Cal./Mol. 
H: + 1/, Oz 57,600 28, 800 
+ 5 686,600 481,500 
C,H: + 1.1 301,900 118,020 
Slottman.”*'*7 Petroleum distillates, city gas and 


other fuels require complete combustion to attain maxi- 
mum flame temperature, whereas the extraordinarily 
high temperature of the oxyacetylene preheating flame 
is attained with less than 50% of the oxygen required 
for theoretically complete combustion. As a result the 
flame of the former gases is luminous, which favors heat 
transfer by radiation. Heat transfer by conduction is 
favored by increasing the speed of the flame.”® 

Before each fuel is discussed in detail, it is interesting 
to compare the advantages and disadvantages of some 
preheating fuels listed by Granjon and Séférian,'** 
Table 19. 


Table 19—Preheating Fuels Compared by Granjon and 
Séférian'** 
Fuel Advantages 
Acetylene High heat of combustion 
High flame temperature 
Rapid preheating 
Ease of adjustment 


Disadvantages 
Intensely localized flame 
may melt upper edges of 
kerf 
Generators are usually of 


Availability insufficient capacity for 
For thicknesses up to 28 heavy cutting 
inches Consumption of cutting 


oxygen is slightly high 
on account of the pres- 
ence of CO in the prod- 
ucts of combustion 


Hydrogen Oxidizing flame Low heat of combustion 
For thicknesses of 20 to 40 Difficult to adjust flame 
inches Not so readily available as 
Preferred for underwater other fuels 
cutting 
City gas Available near gas works Low heat of combustion 
For thicknesses not over 8 
inches 
Propane High heat of combustion Low vapor pressure hind- 
and Oxidizing flame with little ers high rates of con- 
butane co sumption 
Shipped as liquid For limited thicknesses 
Gasoline None in particular Hazardous 


Low heat of combustion 

Low vapor pressure (dif- 
ficult to evaporate) 

Difficult to adjust flame 


HYDROGEN 


Before acetylene was developed commercially, hydro- 


gen was used for oxygen cutting. 


At present, hydrogen 


is preferred for underwater cutting (see AMERICAN WELD- 
ING SOCIETY JOURNAL, 19, 85-s (1940)) and for heavy cuts 


from 20 to 40 inches thick. 


The long hydrogen flame 


maintains the oxide fluid at the bottom of the cut,!%!§ 


thus keeping the kerf clean.'** 


The deoxidizing effect of 


hydrogen mentioned by Krebs'* probably is inconse- 
Owens” observed that oxy-hydrogen cuts in 
steel thinner than 4 inches tend to reweld after the torch 


quential. 


has passed, but no other investigator confirms him. 


The 


mechanical properties of oxy-hydrogen-cut surfaces in 
mild steel are entirely satisfactory, as Diimpelmann'*° 


has shown. 


Pitkin*'* showed that all heat-affected metal 


as revealed by the microstructure was removed from 
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OXYGEN CUTTING OF STEEL 


Heat of Maximum 
Secondary Reaction, Ratio Flame Tempera 
Cal./Mol. Q2/Q ture, °C 
28,800 1.000 2480 
205,100 0.426 2860 
183,880 1.56 3030 


oxy-hydrogen-cut forgings for locomotive rods 5*/, inches 
thick by machining '/). inch from the oxygen-cut surface. 
However, unmachined cuts were found to have the same 
tensile properties as machined specimens. 

In the hands of inexperienced operators, oxy-hydrogen 
torches produce sharper, smoother cuts than oxyacetyl 
ene, according to Wiss,'*' because the hydrogen flame has 
a lower temperature than the acetylene flame. Porth'* 
was surprised at the cleanness of oxy-hydrogen cuts. 
The kerf is about as narrow in oxy-hydrogen'**'** cut 
ting as in oxyacetylene cutting. An ammonia cracking 
unit to supply hydrogen for oxygen cutting has been 
manufactured.*" 


Cutting Speed 


The cutting speed is approximately the same with 
hydrogen as with acetylene, according to most authori 
Early 145.528 attained re- 
markably high cutting speeds with the oxy-hydrogen 
cutting torch, Cravens® cutting armor plate 9 inches 
thick at 27 ft./hr. Owens'® mentioned that hydrogen 
does not start the cut so rapidly as acetylene, which is in 
agreement with Eberle,'*® Table 12. Schuck'*’ stated 
that up to '/, inch the oxy-hydrégen torch is slower than 
oxyacetylene, but is 5% faster at 1 inch and thicker. 
Preheating time was about the same as for city gas in 
Eichenmiiller’s tests, Table 30. 

Impurities in the cutting oxygen reduce the speed of 
oxy-hydrogen cutting to about the same extent as they 
reduce oxyacetylene cutting speed. Using an oxygen 
flow of 195-215 cu. ft./hr., Plieninger'** found, Table 20, 


Table 20—Effect of Oxygen Purity on Oxy-Hydrogen Cutting 
Mild Steel 1.57 Inches Thick, Oxygen Pressure = 60 Lb. In.’ 


Plieninger'*® (1912) 

Oxygen Cutting Hydrogen Oxygen 
Purity, Speed, Consumption, Consumption, 
% Ft./Hr Cu. Ft./Ft Cu. Ft./Ft 
99.0 50.0 0.88 3 
97.0 37.5 1.16 8 
94.0 37.3 1.52 
89.2 18.8 2.23 10.6 
85.0 14.8 2.87 13.7 
81.0 13.0 3.30 15.0 


that cutting speed was reduced from 50 to 13 ft./hr. in 
changing from 99 to 81% purity. Similar results were 
obtained by Mueller.'** Plieninger also found that pre- 
heating the cutting oxygen and steel increased the cutting 
speed, Tables 21 and 22. The oxygen temperature was 
measured (0.12 inch beyond the end of the tip. Plate 
temperature was measured by thermocouples at mid- 
thickness. The plates were heated from below and 
partly from above by oxy-hydrogen burners during cut- 
ting. In accordance with expectations, increasing the 
cutting oxygen pressure increases the speed of oxy 
hydrogen cutting, Table 23. Increasing the intensity of 
the preheating flame, Table 24, may increase or decrease 
the cutting speed. Although Porth'*® stated that rust 
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Table 21—Savings in Time and Cutting Oxygen 


Consumption by Preheating the Oxygen to 2000°C. in 


Oxy-Hydrogen Cutting Mild Steel 1.57 Inches Thick. 
Plieninger'*’ (1912) 


Purity of Saving in % based on Cold Oxygen 
Cutting Oxygen, Oxygen 
% Time Consumption 
99 6 6 
95 20 18 
o0 27 25 
85 30 28 


Table 22—Savings* in Time and Gas Consumption by 


Preheating the Steel (1.57 Inches Thick) in Oxy-Hydrogen 
Cutting. Plieninger'*’ (1912) 


Tempera 


ture of 99.0% Oxygen 80.0% Oxygen 
Plate, Hydro- Hydro- 
i. Time gen Oxygen Time gen Oxygen 
200 19 7 25 25 24 28 
400 29 27 36 42 44 43 
600 38 46 41 57 55 59 


* Savings expressed in per cent less than values at 15° C. 


and scale have no effect on cutting speed, Owens'® be- 
lieved that rust, paint and galvanizing retarded oxy- 
hydrogen cutting to a greater extent than oxyacetylene. 


Gas Consumption 


In agreement with early investigators,** 7! 
7, 98, 149 recent authorities® ** '™. state that 2'/, 
to 5 times as much hydrogen by volume is required for 
preheating as acetylene to cut unit length in mild steel 
up to 12 inches thick, Tables 25 and 26. Kampf*! and 


Table 23—Effect of Oxygen Pressure and Purity in Oxygen 
Cutting Mild Steel Using Hydrogen* for Preheating. 
Amedeéo”:* 


Plate 
Oxygen Thick- Oxygen Cutting 
Purity, ness, Pressure, Speed, 
% Inch Lb./In.? Ft./Hr Condition of Cut 
99 1.18 7.1 24 All the oxide ad- 
hered to the cut 
ag 1.18 10.7 31 All the oxide ad- 
hered to the cut 
99 1.18 25 37 All the oxide ad- 
hered to the cut 
8) 1.18 36 47 to 68 No adherence of ox- 
ide at pressures 
above 28 Ib./in.? 
Normal cut 
99 1.18 iO 68 Edge on torch side 
was rounded 
90.5+ 2.56 28.5 4:2 Normal cut 
90.57 2.56 36 or 43 18 Normal cut 


85.5t 2.56 28.5 or 36 Complete cuts could 


not be made 
Normal cut 


85. 5t 56 43 9.2 


to 


* 1.05 cu. ft. hydrogen per minute, 0.28 cu. ft. oxygen per minute 
for preheating. The torch had a separate preheating nozzle. 
The cutting nozzle was 0.12 inch diameter. 

+t Impurity was nitrogen. 


a German welding handbook*". * state that cutting oxy- 
gen consumption is the same as or slightly less*** with 
hydrogen than with acetylene. On the other hand, 
Schmelzer'** used less oxygen with an oxy-hydrogen torch 


Table 24—Effect of Intensity of Heating Flame on Speed of 
Cutting Mild Steel 1.18 Inches Thick Using Separate-Jet 
Oxy-Hydrogen Torch. Amédéo* 


Gas Consumption, Diameter 
Cu. Ft. Ft. of cut of Pre- 

Pre- Pre- heating Cutting 
heating heating Nozzle, Speed, 


Oxygen Hydrogen Inch Ft./Hr. Character of Cut 


0.07 0.28 0.12 33.7 All oxide adhered to 
the cut 

0.14 0.56 0.12 36.9-38.4 Nearly all oxide ad- 
hered to the cut 

0.21 0.94 0.12 39.2 Normal cut 

0.28 1.06 0.12 44-51 Very good cut 

0.42 1.88 0.10 37 Very good cut 

0.49 2.16 0.10 35.4 Surface melted 

0.67 3.038 0.10 35.2 Surface melted 

0.84 3.76 0.10 32.8 Cut did not penetrate 


at several points 
Oxygen purity = 99%; diameter of cutting nozzle = 0.079 inch 
Cutting oxygen pressure = 22 lb./in.? 


Table 25—Consumption of Preheating Gas in Oxygen 
Cutting Mild Steel. Johag'”’ 


Gas Consumption, Cu. Ft./Ft 


Plate Illuminating 
Thickness, Acetylene Hydrogen Gas 
Inch (Ratio = 1:1 (Ratio = 4:1 (Ratio = 2:1 
2 0.22 1.0 2.2 
4 0). 54 2.4 5.1 
& 1.6 5.4 6.5 
12 3.2 3.3 9.7 


10 


than with oxyacetylene, Table 9, whereas Owens'® (no 
details) had the opposite experience. Schuck,'*’ who 
performed his tests in 1916, used amazingly little hydro 
gen in oxygen-cutting mild steel '/, to 2 inches thick, but 
did not describe his test conditions. In cutting steel 
shafts 27 inches diameter, a writer in Welding Engineer'™ 
required 10 to 17 minutes to make smooth cuts. Gas 
pressures were 75 lb./in.* for oxygen and 60 Ib./in.* for 
hydrogen; gas consumptions were 2000 cu. ft./hr. for 
oxygen, 600 cu. ft./hr. for hydrogen, which is approxi 
mately 1 cu. ft. oxygen and 0.3 cu. ft. hydrogen per sq. 
in. of cut. The high hydrogen pressure is in agreement 
with Hessler,* and is necessitated by the comparatively 
high consumption. Cutting tests by Schimpke and 
Horn” showed a decrease of 50% in preheat gas consump 
tion upon substituting a mixture of 35% acetylene and 
65% hydrogen for pure hydrogen (no details). 


Torch Adjustment 


The oxy-hydrogen flame is difficult to adjust by visual 
observation because there is no blue cone. According to 
Porth,'*: ' the hydrogen valve is adjusted to 5-10 lb. 
in.? at the torch. The gas is ignited as the preheating 
oxygen valve is opened. The torch is held 2 inches 
above a cold steel plate while the preheating oxygen valve 
is adjusted until the black spot in the flame disappears. 
The flame consists of a short non-luminous center sur 
rounded by a long bluish yellow sheath.*® Heyman’ 
believed that steam is less dissociated in the oxy-hydrogen 
cutting flame than in the oxyacetylene but made no meas- 
urements and drew no conclusions. The distance from 
tip to plate during oxy-hydrogen cutting is about the 
same**. 45.44 as in oxyacetylene cutting, although 
Hessler® states (no details of torches) that the tip dis- 
tance should be twice as great as for an oxyacetylene 
cutting torch. 
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Table 26—Machine Oxygen Cutting Table for Mild Steel. Schmelzer''' 


Plate Width Cutting 

Thick- of Cutting Tip Oxygen Gas Consumption, Cu. Ft./Hr 

ness, Kerf, Speed, Distance, Pressure, Oxyacetylene Torch Oxy-Hydrogen Torch Oxy-City Gas Torch 
Inch Inch Ft./Hr. Inch Lb. /In.? Oxygen Acetylene Oxygen Hydrogen Oxygen City Gas 
0.20 0.08 53-63 0.08—0.12 21-28 53-60 12-14 50-57 32-39 64-74 53-60 
0.39 0.08 47-53 0.08—0.12 21-28 53-060 12-14 50-57 32-39 64-74 53-60 
0.79 0.10 35-41 0.08-0.16 28-43 81-106 12-16 78-99 39-46 95-127 60-74 
1.0 0.10 31-35 0. 08-0.16 28-43 81-106 12-16 78-99 39-46 95-12 60-74 
2.0 0.14 24-27 0. 12-0. 20 50-71 134-198 14-18 131-195 43-56 159-227 74-92 
4.0 0.20 17-20 0. 16-0. 24 85-114 360—460 18-26 350-460 64-92 300-490) 92-124 


CITY GAS 


City gas, a mixture of hydrogen and methane and also 
known as illuminating gas or coal gas, has a heat of com- 
bustion of about 500-600 B. t. u./cu. ft., and is delivered 
at slightly above atmospheric pressure. City gas, 
which should not be confused with natural gas, has been 
widely used for oxygen cutting in a few industrial regions, 
notably the West of Scotland,'** where economic factors 
were favorable. According to Daniel and Durant,” 
coal gas is suitable for unalloyed steel up to 8 inches thick 
without excessive scale. Bainbridge'®* was able to cut 
mild steel 13 inches thick but at prohibitive expense. 
Despite the hydrogen content of city gas and its higher 
calorific value compared with hydrogen, city-gas cutting 
does not seem to be feasible above about 12-16 inches. 
Wiss'*' preferred city gas to acetylene or hydrogen for 
machine cutting thin mild steel. The oxy-coal gas flame 
is said not to be easily mishandled.'*° Adam and 
Lillicrap'’®® believed that better welds could be made on 
scarves cut with coal gas than with acetylene, but their 
belief has not been substantiated.'*’ Since more heat is 
supplied in oxy-city gas cutting, Bainbridge’®’ inferred 
that there would be less distortion of steelless than | inch 
thick with city gas than with acetylene. For the same 
reason Miiller and Bibus,'** who regarded city gas as an 
excellent cutting fuel for steel up to 2 inches thick, be- 
lieved that there was greater distortion with city gas than 
with acetylene. N. Durant (private communication, 
January 1939) states that there is likely to be a deeper 
heat-affected zone with city gas than with acetylene. 
Matting'®*® found that scale or dirt on the surface may 
cause loss of cut with city gas, whose flame temperature 
is about 33° lower than that of acetylene. City gas was 
not attractive to early users'®’ of oxygen cutting, and is 
not satisfactory for most cutting applications, according 
to Schwabe.'*! 


Cut Quality 


The mechanical properties of oxy-city gas cuts in mild 
steel are practically the same as oxyacetylene cuts!®’ 
(see section on Mechanical Properties). Tension, 
bend, notch impact and hardness tests of oxy-city gas 
cuts made by Diimpelmann'* in steels 0.39 inch thick 
containing 0.12 C, 1.00 Mn, 0.62 Si, 0.26 Cu and 0.13 C, 
1.00 Mn, 0.60 Si, 0.42 Cu, 0.10 Mo gave the same 
excellent results as oxyacetylene and oxy-hydrogen cuts, 
whether the distance between cuts was 0.39 or 1.58 inches. 
Tensile specimens 0.41 x 1.3 inches cut with oxyacetylene 
and oxy-city gas torches by Matting'®® from mild steel 
0.39 inch thick had 56,000 to 58,000 Ib./in.? tensile 
Strength, whereas sawn specimens (0.41 x 1.6 inches) 
had 53,000 to 54,000 Ib./in.? Neither oxygen cut was 
carburized, and the heat-affected zone was about 0.10 
inch deep in both. Daniel and Durant" believed that 
oxy-city gas cuts were softer than oxyacetylene (no 


1940 


details), a firm**? in Holland reporting 100 Rockwell B 
maximum, 94 Rockwell B-average for oxygen cuts in low 
alloy Cr-Cu steel '/,—°/s in. thick made with city gas, the 
corresponding values for acetylene being 9S and 4, 
respectively, while Keillor'®* prevented small hair cracks 
at points of interruption in high-carbon steels by cutting 
with city gas instead of other fuels. Keillor’s statement 
was based on the steady pressure of city gas, which is 
scarcely convincing. 

Oxy-city gas cuts in thin material are likely to be 
smoother and sharper than oxyacetylene, according to a 
number of writers.'*!. Eberle'*® emphasized 
the smoothness of city-gas cuts in steel 12 inches thick. 
The better quality of the city-gas cuts is attributed to the 
lower flame temperature and to ease of manipulating the 
city-gas torch. In tests on cutting steel plates 1*/. and 
4 inches thick the German Society for Gas and Water 
Engineers'® found that adhering slag was more easily re 
moved from city-gas cuts than from acetylene cuts. Bain 
bridge and Clarke'®’ observed that coal gas produced no 
more scale than oxyacetylene. Using excess acetylene, 
coal gas or oxygen (no details) had no effect on cut 
quality and merely altered the consistency of the slag 
adhering to the cut. Under most conditions, drag is 
longer with coal gas than with acetylene, Fig. 29, in 
cutting mild steel 2 inches thick. 


Cutting Speed 


Although Schmelzer, Table 26, Eberle,'** Matting,’ 
Eichenmiiller,*** and a shipbuilding firm'** found no re- 
duction in cutting speed upon substituting city gas for 
acetylene, other authorities**’ find it necessary to use 
slower speeds for city gas than acetylene, Table 27. 


Table 27—Oxygen Cutting Speeds for Mild Steel Plates. 


Clarke'”’ and Wierum""! 


Normal Fast Speed, Ft./Hr. Cutting Oxy 
Speed,'* Speed,’ for City Gas gen Pressure 

Thick- Ft./Hr Ft./Hr Cutting for City Gas**! 
ness, Acety- Coal Acety- Coal Man Ma Man- Ma 
Inch lene Gas lene Gas ual chine ual chine 
70 65 100 O5 110 15 17 
60 60 90 72 85 25 25 
1 46 44 65 55 55 66 35 40 
2 35 32 50 45 31 47 45 50 
6 21 16 25 17 25 27 60 60 
12 9.5 16 


Helsby* found city gas about 20°) slower than acetylene 
in machine cutting mild steel up to 6 inches thick. City 
gas was only 5 to 10° slower than acetylene in Bain- 
bridge’s** tests. Although city gas did not reduce ma- 
chine cutting speeds in Eberle’s'*® tests, manual cutting 
speeds with city gas were 10 to 15°% less than the maxi- 
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CUTTING OXYGEN CUBIC FEET PER HOUR 
Fig. 29—Relation Between Drag and Consumption of Cutting Oxygen 


per Hour at Different Cutting Speeds Using Acetylene and City Gas. 
lottman'*? 


mum attainable with acetylene. Daniel and Durant’s™ 
formula for cutting speed is: 


log S = 1.66-0.46 log 7 


where S = cutting speed, ft./hr. 
7 = thickness of mild steel plate, inch. 


The formula agrees closely with Clarke's normal speed, 
Table 27. White'®® cut mild steel */s inch thick at 110 
ft./hr., and Keillor'®* achieved 54 sq. in./min. in machine 
cutting steel 10 inches thick using coal gas. Cutting 
speeds quoted!” for an oxy-city gas torch utilizing oxygen 
preheated to 100° C. for cutting are no improvement over 
Clarke's results. 


Table 28—Bevel Cutting Mild Steel '/, Inch Thick with the 
Oxy-Coal Gas Torch. Bainbridge and Clarke'”’ 


Angle of Cutting Speed, Cutting Oxygen 
Bevel, Ft./Hr. Pressure, Lb./In.? 
Degrees Acetylene Coal Gas Acetylene Coal Gas 
Vertical 90 72 35 35 
30° 76 37 42 50 
40° 67 25 55 75 


Bevel cutting accentuates the inferior qualities of city 
gas for oxygen cutting. According to Bainbridge,'®’ 
Table 28, coal gas is at a serious disadvantage in bevel 
cutting, although Eberle'*® stated that 45° bevel cuts 
can be made in steel up to 4 inches thick with city gas at 
a water pressure of 4 inches and with the aid of special 
tips, Fig. 30. 

City-gas torches do not appear to have much reserve 
to overcome difficulties. In cutting steel billets 6 inches 
square containing a hole '/, inch diameter drilled di- 
agonally across the line of the cut in the middle of the 
billet, Mabbs'** found that the cutting time was 1'/, 
minutes with acetylene and 2'/, minutes with city gas. 
There was considerable drag under the hole with city gas. 
A hole 1 inch diameter was passed more easily by oxy- 
acetylene torches than by city gas. If a carbon rod */, 
inch diameter were inserted in the hole, the city-gas cut 
was stopped, a large pocket forming around the rod. 
The acetylene torch cut the rod successfully. 


Preheating Time 


All authorities agree that the preheating time, Fig. 31, 
is longer with city gas than acetylene (see Welding Hand- 
book, 1938 Edition, Fig. 15, p. 306), Tables 29, 30 and 
31. Mabbs'** compared acetylene with city gas under a 


Table 29—Average Time (Seconds) for Preheating in 
Machine Oxygen Cutting Mild Steel with Illuminating 
Gas, Hydrogen and Acetylene. Eberle’ 


Thick- Illuminating Gas (4500 Kceal./m 

ness of Acetylene 2Inches 4Inches_ 8 Inches 
Steel, (13,500 Water Water Water 
Inch Keal.) Hydrogen Pressure Pressure Pressure 
0.79 6 10 25 20 12 
2.0 10 15 40 30 20 
4.0 15 20 60 35 25 
6.0 25 25 ae 40 30 
8.0 30 30 40 


Table 30—Performances of Gases in Cutting Mild Steel 
(°/1s Inch Thick, Sheared Edge). and Eichenmiiller®™ 


Berry's Results 


Acety- City Pyrogen* 
lene Gas* (Propane 
Size of Tip No. 2 No. 2 No. 3 
Gas pressure, lb./in.? 8 93/, 10 
Oxygen pressure, Ib./in.* 25 45 35 
Average preheat time, min. 0.025 0.029 0.028 
Cutting speed, ft./hr. 139 113 151 
Gas consumption, cu. ft./ft. 0.26 0.32 0.07 
Oxygen consumption, cu. ft./ft. 0.438 0.77 0.66 
Ratio of oxygen to gas 1.6tol 2.3t01 10.8to!1 


* Same cutting torch used for both city gas and pyrogen. 


Eichenmuller’s Results 


Plate Thickness, Preheating Time, Seconds 


Inch City Gas Acetylene Hydrogen 
0.39 2.5 1.9 2.0 
0.79 2.6 2.1 2.4 
1.6 4.1 ee 3.5 
3.2 8.8 7.1 7.9 
6.3 23.4 24.8 


The city gas contained approximately 51% He, 20% CHa, 13% 
CO, 10% No, 3% COs, 3% other hydrocarbons, 1% O:; lower heat- 
ing value = 3950 kcal./m.* at 0° C., 750 mm. water. The pressure 
was 80 in. water. If the city gas pressure was reduced to 2 inches, 
the preheating time for a 2-inch plate was increased to 40 seconds. 
The acetylene pressure was 200 inches water. 


Table 31—Preheating Time for Oxygen Cutting Clean, 
Sharp-Edged Mild Steel. Mabbs'** 


Plate Preheating Preheating 
Thickness, Time Using Time Using 
Inch Acetylene, Sec. City Gas, Sec. 
2 
2 2 4 
6 3 10 


number of conditions. In scrapping lapped and painted 
ship plate the preheat time was 3 sec. with acetylene and 
12 sec. for city gas. It was impossible to maintain a 
uniform cutting speed with city gas on rusty ship plate 
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Fig. 30—Cutting Tips for Use with City Gas. Eberle'* 
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, inch thick because thick deposits which had no effect 
on oxyacetylene cutting frequently stopped the city-gas 
torch. The preheating time in cutting a 12-inch steel 
billet was 1'/. to 2 minutes. In cutting rivet heads dif- 
ferent types of city-gas torches required 13 to 25 sec. for 
preheating, whereas acetylene required but 6 sec. Ridicu- 
lously long preheating times were quoted by a Belgian 
authority,*** who found that the preheating time in- 
creased in direct proportion with thickness, being no less 
than 40 sec. for a plate 2 inches thick. Wierum**! 
estimated that preheating time was 1'/» times longer than 
for acetylene, if city gas at about 12 lIb./in.* is used. 
[he time is increased greatly if the city-gas pressure is 
only 4-8 inches water. Matting’® found it difficult to 
start a cut in cylindrical bars with city-gas; he did not 
state whether he used the expedient of raising a burr on 
the surface to start the cut. Wilson* '”* who believed 
cutting speed depended on oxygen purity but was inde- 
pendent of type of preheating fuel, accelerated preheating 
with city-gas torches (no details) by preheating the cut- 
ting oxygen to 200° C. 


Gas Consumption 


Low calorific value and low flame temperature ac- 
count for the high consumption of city gas in oxygen cut- 
ting. Although the theoretical ratio of oxygen to city gas 
is less than unity, the high consumption of city gas en- 
tails a correspondingly large consumption of oxygen for 
preheating. The amount of cutting oxygen consumed 
for unit length of cut is practically the same for city gas 
as for other fuels. That the information on gas con- 
sumption in city-gas cutting provided by different 
authorities is not in agreement is explained by the 
differences among gases in different localities and by the 
different torches that were employed. In view of the 
nearly complete absence of details about these two fac- 
tors and about the condition of the surface of the steel, 
the quantitative information is not suitable for use with- 
out interpretation. 

The consumption of city gas in oxygen cutting mild 
steel may be nearly the same as the consumption of 
acetylene or ten times as much as acetylene for identical 
cuts, depending on the authority. For example, in 
manual cutting, Table 32, Eberle'** used 2 to 3 times as 


Table 32—Gas Consumption in Manual Cutting Mild Steel. 


rle'** 

Plate Thickness, Acetylene, City Gas, 
Inch Cu. Ft./Ft. Cu. Ft./Ft 
0.20 0.11 0.31 
0.79 0.29 0.76 
2.0 0.76 1.9 
4.0 1.3 3.2 
8.0 1.6 4.0 
12.0 2.8 5.4 


much city gas as acetylene, if the city gas was at a water 
pressure of 4 inches. If the pressure of the city gas was 
over 12 inches, customary acetylene-cutting torches 
could be used for the gas and only “‘a little more’’ gas 
was needed than acetylene. The German Society for 
Gas and Water Engineers,'** who compared city gas 
with acetylene for cutting mild steel plates 1*/s and 4 
inches thick, found that the consumptions of city gas and 
acetylene were not in the ratio of calorific value. In- 
Stead, only a little over twice as much city gas was re- 
quired as acetylene (no details). Using city gas at a 
pressure of SO inches water, Eichenmiiller*** used less 
than twice as much city gas as acetylene in cutting steel 
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*/s to 6'/, inches thick at identical speeds, drags (1 in 5 
to 1 in 10), and cutting oxygen pressures. A shipbuild 
ing firm in Baltimore'®* was said to have found that 1.28 
cu. ft. city gas was equivalent to 1 cu. ft. acetylene, the 
cutting speed and technique being the same for both 
gases. Berry‘ also found, Table 30, that only 25% 
more city gas was used than acetylene in cutting mild 
steel °/, inch thick. Extraordinarily good results were 
secured by Greaves,**’ Table 33. A special non-back- 
firing manual cutting torch was used. The torch was 
suitable for machine cutting. An Australian writer®!® 
using a special oxy-coal gas torch reported using twice 
as much city gas as acetylene for a given length of cut 
(no details), the oxygen consumption being approxi 


Less favorable gas consumptions have been reported 


by other investigators. Mabbs'* stated that to 
nearly 6 times as much city gas as acetylene is needed 
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Fig. 31—Time in Seconds Required to Preheat Mild Steel Plates of 
Different Thickness Before the Cutting Oxygen Valve Is Opened, Using 
City-Gas Cutting Torches 


+ ~- + Mabbs!4* (Clean, sharp-edged mild steel; the curve is bent upwerd 
beyond 6 inches to agree with 1'/2 to 2 min. preheating time for billets 
12 inches thick) 
0 O Eichenmiller?™ (Manual and machine cutting with 
adapted for city gas, Table 3 
= @ Eberic!* (Machine cutting with torches adapted for city gas 
at 4 pressure of B inches water 


injectors and tips 


Table 29 


for unit length of cut in mild steel '/, to 8 inches thick. 
About the same conclusion was reached by Clarke,'*’ 
Table 33. Johag'*? and Schmelzer,'** Tables 25 and 26, 
found the ratio of city gas to acetylene to vary from 3:1 
to 10:1 for unit length of cut. Holler and Schneider™ 
required 10 to 15% more city gas than hydrogen in oxy- 
gen cutting mild steel up to 12 inches thick. In general, 
the thicker the cut, the lower is the ratio. 

The consumption of oxygen for preheating is deter- 
mined by fuel consumption and fuel ratio. Fuel ratio 
in city-gas cutting is not the theoretical fuel ratio for 
complete combustion, which usually is less than unity. 
Instead, an oxidizing flame must be used to secure ade 
quate heat, the fuel ratio being 1'/, or 2 to 1. Conse- 
quently, consumption of preheating oxygen will be much 
larger for city gas than for acetylene, the fuel ratio for 
which is 1.1 to 1. According to Daniel and Durant," 
the consumption of preheating oxygen Q, (cu. ft./hr.) 
increases linearly with increase in thickness 7 (inch): 


QO, = 2.4T + 24.0 
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Table 33—Gas Consumption in Oxygen Cutting Mild Steel 
Up to 8 Inches Thick. Clarke’ 
Acetylene, Cu. Ft. per City Gas, Cu. Ft. per 
Type of Cut 10 Cu. Ft. of Oxygen 10 Cu. Ft. of Oxygen 


Manual 1!/-2'/2 4-8 
Machine 1/,-3/, 2-3!/¢ 
Manual Cutting Mild Steel Plates with City (Coal) Gas. 
Greaves*” 
Plate Cutting Oxygen Gas Consumption, 
Thickness, Speed, Pressure, Cu. Ft./Hr. 
Inch Ft./Hr. Lb./In.? City Gas Oxygen 
l 60 40 35 85-90 
4 30 90 65 300 
8 15 160 110 430 


for oxy-coal gas cutting. The corresponding formula for 
acetylene is: 


Q, = 14T + 17.8 


In other words, twice as much oxygen is required for 
preheating with coal gas as with acetylene. Related to 
consumption of cutting oxygen Q, (cu. ft./hr.) the form- 
ulas become: 


Q, 0.03520, + 21.5 for coal gas 
Q, = 0.0222, + 16.5 for acetylene 


The effect of city gas on consumption of cutting oxy- 
gen, Fig. 29, is generally undesirable, according to Slott- 
man. At a cutting speed of 60 ft./hr. in mild steel 2 
inches thick, a drag of 0.30 inch can be maintained with 
city gas only if 15% more cutting oxygen is used than 
with acetylene. 

Without distinguishing between preheating and cutting 
oxygen, a number of authorities have determined the 
overall consumption of oxygen in oxy-city gas cutting. 
Practically all agree''’ *** that oxygen consumption is 
greater with city gas than with acetylene, Tables 25, 26 
and 34. A Belgian authority**? used 30°) more oxygen 
in cutting unit length in steel */s; to 8 inches thick with 
city gas than with acetylene. Machinery'™ used 3 to 
5.4 cu. ft. oxygen per foot of cut and 0.35 to 1.35 cu. ft. 


Table 34—Effect of Preheating Fuel on Over-All Oxygen 
Consumption (Cu. Ft. Ft.) in Cutting Mild Steel. Clarke'”’ 


Thickness, inch l 2 4 6 
Acetylene 2.5 5 11 18 
Coal gas 3 6 16 30 


coal gas per foot in cutting mild steel 1 inch thick at 35 
to 60 ft./hr. The German Society of Gas and Water 
Engineers'® and Eichenmiiller*** used slightly less oxygen 
with city gas than with acetylene in cutting mild steel 
plates 1*/s and 4 inches thick (no details). Oxygen con- 
sumption may be decreased in oxy-city gas cutting by 
preheating all gases, according to Wilson,*®' Table 35. 
The plates were at room temperature and were 3 x 24 
inches. Preheating did not influence oxygen consump- 
tion in Wilson's tests of oxyacetylene torches. 


City-Gas Torches 


In a good discussion of city-gas torches, Eberle'** 
states that special tips, Fig. 30, are required for city gas, 
unless the gas is compressed above a pressure of 12 inches 
of water, as it should be for cuts over 6 inches thick. 
Manual torches must have particularly large injectors, 
because they must supply more preheat than machine 
torches. If the calorific value of the city gas was below 


Table 35—Relative Oxygen Consumption as a Function of 
Purity and Temperature in Oxy-Illuminating Gas Cutting. 


Wilson®! 
Oxygen Consumption, Cu. Ft./Min. (Cutting Speed 
Thickness, Not Stated) 
of Steel, 99.5% O: 99.5% Orv 98.5% Or. 98.5% O 
Inch at -18°C. at +20°C. at +20°C. at +200°C 
1/, 3.0 2.5 2.7 1.9 
2 4.0 3.5 3.8 2.8 
6 6.6 6.1 6.8 5.3 
12 10.5 10.0 11.4 9.0 


550 B. t. u./cu. ft., Wilson'”* provided an electric heater 
or supplementary gas flame (no details) to heat the three 
gas pipesinthetorch. Peck'’‘ described an oxy-coal-gas- 
cutting machine for steel up to 8 inches thick. Although 
most authorities seem to use the same tip distance for 
city gas as for acetylene, Hessler® doubled the tip dis- 
tance in substituting city gas for acetylene. In Mabb’s!* 
tests the best cutting conditions were secured with a 
highly oxidizing flame, the ratio of oxygen to city gas 
being 1.48:1 although the ratio for theoretically complete 
combustion of the gas was 0.92. Horn'** in 1911 also 
used an oxidizing flame, the fuel ratio being 2:1, which 
was adopted by Holler and Schneider*™* in 1935. With 
city gas at 4-20 lb./in.*? the preheating flame should be 
in. long.**! 


NATURAL GAS 


The composition of natural gas varies from district to 
district but is mainly methane. In cutting mild steel 
1 inch thick with natural gas, Slottman'*’ found that 
drag is generally larger for natural gas than for acetylene 
at a given speed and oxygen econsumption, Fig. 32. 
Hunt'’’ and Pexton'’® used natural gas successfully for 
oxygen cutting. There is said to be no carbon pick-up 
by the surface of the kerf, which is narrower than with 
acetylene, according to Frye.'’* Lacking experimental 
details, Frye’s statement should be treated with caution 
in view of the slower heating provided by natural gas. 
The long preheating time required for natural gas'’* was 
offset by Mitchell®® by substituting hydrogen at the start 
of a cut. 


METHANE 


Methane, CH,, was patented** before 1911 as a pre- 
heating fuel for oxygen cutting. Russian investigators'*’ 
using methane (95-99% purity, 6 inches water pressure) 
cut mild steel plates 1 and 4 inches thick with a low- 
pressure concentric-jet torch designed for acetylene at 
80% of the speed attainable with acetylene. The 
oxygen purity was 98°. Schimpke and Horn’ were 
successful with a mixture containing 65% hydrogen, 
35% methane, but it was necessary to use a separate- 
jet torch to secure economical results. 


PROPANE 


One of the first fuels for oxygen cutting to be patented* 
was propane, C3Hs. The first step in the use of propane 
as a cutting fuel is obtaining the correct flame setting. 
When lighting the torch, the oxygen valve should be 
cracked and the gas valve should be opened sufficiently 
to permit the flame to leave the end of the tip about ' 
inch. The gas valve should then be gradually closed 
until the flame is drawn back to the end of the tip and 
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the oxygen regulated to obtain a reducing, bluish green 
flame about */s inch long. When the high-pressure 
oxygen is turned on, no variation in the preheat flame 
should be observed. The hottest point in the propane 
flame, when properly adjusted, is within '/, inch from 
the end of the tip. The metal is most rapidly heated 
to the oxidizing point when the end of the flame is about 

, inch away .rom the work. 

It is claimed that commercial cuts having sharp cor- 
ners, smooth sides and a drag sufficiently short to leave 
no firmly adhering slag, yet completely severing the 
plate at the end of the kerf, are easily obtained with 
propane. 

in cutting steel plate, the torch should be held in a 
vertical position for all thicknesses except '/2 inch or 
less in which case it should be slightly tilted in the 
direction of cutting. The same cutting speeds can be 
used with propane as for other fuels. Propane has a 
high calorific value (2518 B. t. u./cu. ft.) and relatively 
low flame temperature (2200° C.). 

The literature fairly bristles with data on the relative 
merits of propane as a cutting fuel but it is practically 
impossible to impartially evaluate the data on account 
of the wide differences in variables involved. Authors 
who have set forth the advantages of propane as com- 
pared with other fuel gases or submitted favorable 
data are Andrews and Jamison,'*' Biirgel,'*? and Ameri- 
can***.526 and English'®* writers. Contrary-minded in- 
vestigators are Belgian**®. and French writers'** and 
Slottman. 

There is considerable agreement that rusty and 
laminated material such as is found in scrap yards and 
reclamation departments can be cut very efficiently 
with propane. The protection afforded the holes in 
the end of the propane tip by its skirt results in less 
clogging by flying scale or rust than with open end type 
tips and consequently fewer back-fires. When cutting 
rusty material the torch is held at an angle of about 45° 
in order to burn under and loosen the rust and scale. 
The movement of the torch should be staggered slightly 
from side to side when cutting laminated material. 
Saving in time and labor, therefore, results from the 
use of propane because rusty surfaces need not be 
thoroughly cleaned, and the cutting operation is not 
retarded by back-fires. Torches and tips designed for 
acetylene often are unsatisfactory for propane, as 
Andrews and Jamison'*! and others point out. For 
cutting risers up to 10 inches thick the preheating gas 
pressures are 7 lb./in.* for propane and 40 to 60 Ib. /in.* 
for oxygen, according to Andrews and Jamison.'*! 

Values quoted by the Standard Oil Company of New 
Jersey in their Report No. 402 for machine and hand 
cutting are given in Table 36. 

Although Granjon and Séférian, Table 19, believed 
that the oxy-propane torch could not be used for thick 
material, Andrews and Jamison'*! cut steel 34 inches 
thick with an oxy-propane torch without the aid of a 
lance, and Lefrancq'™ refers to the cutting of blooms 
with propane. There was no increase in carbon content 
at the cut edge. 


BUTANE 


Butane, C,Hi, used to a greater extent for domestic 
heat than for industrial, has about the same advantages 
and disadvantages as propane, Tables 18 and 19. Bu- 
tane has only '/; as high vapor pressure as propane, the 
calorific value per unit weight of the two gases being 
identical. Tiffin and Eads*** reported good results with 
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butane, the machine-cutting torch being inclined 10 
to 20° forward for cutting mild steel */\.—* , in. thick. 


BENZOL 


Benzol, CeHs, also known as benzene, has been used** 
as a preheating fuel for oxygen cutting. Tests quoted 
by Granjon and Rosemberg'** showed that oxygen 
consumption in cutting the same thickness of mild 
steel (no details) was 4.8 cu. ft./ft. with benzol but only 
3.7 cu. ft./ft. with acetylene. The temperature dis 
tribution 0.59 to 1.2 inches back of cuts in steel | inch 
thick containing 0.37 C, 0.60 Mn, 0.23 Si was measured 
by Yarkho.'*’ The maximum temperature 0.59 inch 
away from the cut was 225° C. with benzol and 280° C. 
with acetylene. 

Benzol has been added to city gas to decrease starting 
time. Cutting torches utilizing city gas and benzol were 
mentioned by Achenbach'** and described by Pradel'’” 
and Simonds.'** Simonds’ torch was of concentric 
jet type with six slots having a total cross section of 
0.08 x 0.125 inch with a No. 30 standard gage drill hole, 
and was used for risers from 10 x 10 to 12 x 22 inches. 
Gas pressures were 30 Ib./in.* for city gas and 150 Ib. /in.* 
for oxygen, a pressure booster being required for the 
city gas. In 1911 a benzol-cutting torch was marketed 
which had a Bunsen type benzol vaporizer.*'* Adding 


'/, to */, gallon of benzol to 1000 cu. ft. of city gas, 
Krebs*’ obtained a quick start and was able to cut at 
nearly the same speed as with acetylene (no details). 
Using impregnated coal gas (liquid impregnation) a 
British writer'®® severed a steel shaft 4°/s inches di 
ameter in 2'/, minutes. The*ignition temperature of 
benzol is 500 to 580° C.; its flash point is —28 to 


+4°C. Begun!” substituted electric heating for benzol 
heating to improve the operation of his benzol-cutting 
torch. 


GASOLINE AND KEROSENE 


The use of gasoline as a preheating fuel was patented*’ 
before 1911 and was satisfactory in two Russian tests."*' 
Cutting torches utilizing gasoline have been described 
briefly,* but aside from possible local convenience, 
gasoline has nothing to recommend itself. Better 
results were secured by Shekhter*'' with kerosene than 
with benzene. However, in manual cutting boiler 
plate 0.51 inch thick at the moderate speed of S2 ft./hr., 
the consumption of cutting oxygen was 230 cu. ft./hr., 
which is extraordinarily high. It was necessary to 
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Fig. 32—Relation Between Drag and Consumption of Cutting Oxygen 
per Hour at Different Cutting Speeds Using Acetylene and Natural Gas 
Slottman'” 
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Table 36—Machine and Manual Oxygen Cutting with Propane. Clary, Sheely and Fyke*** 


Machine Cutting 


Plate Speed, Sq. Inches Cut Sq. Inches Cut Tip Propane Oxygen 
Thickness, Inches per Cu. Ft. of per Cu. Ft. of Size ressure, Pressure, 
Inches per Min Propane Oxygen Drill No. Lb. /In.? Lb./In.? 
1/, 331/s 90.21 11.03 62 (0.0380 in.) 3 25 
I/s 26 102.05 10.43 57 (0.0430 in.) 31/5 30 
3/4 19'/, 144.30 71 55 (0.0520 in.) 3 28 
l 19'/. 144.68 48 52 (0.0635 in.) 26 
2 10'/, 160.25 .219 52 (0.0635 in.) 4 38 


Manual Cutting 


Plate Thickness, Propane Pressure, 


Inches Lb. /In.? 
2 
/s, $ and ‘4 3 
l and 1'/, 3 
2 3 
4 4 
5-6 
12 7 


install a pilot flame near the tip of the torch to preheat 
the kerosene. 


OTHER FUELS 


Producer gas and carbon monoxide were satisfactory 
for preheating, according to Balliet,®°? and coke-oven 
gas likewise was successful,'’® yielding narrower kerfs'®® 
and sharper edges than acetylene. The German 
Society of Gas and Water Engineers! used a trifle over 
twice as much coke-oven gas as acetylene for unit length 
of cut in steel 1'/, and 4 inches thick. ‘The scale was 
said to be easy to remove from coke-oven gas cuts. 
Pseudobutylene (2-butene, C,Hs) was used by Falke- 
vitch'*? to cut steel up to 12 inches thick at the same 
speed as with acetylene. Ethylene (C:H,) also has been 
successful,'** a Russian investigator'*? finding that vapor- 
phase cracked gas containing 50% ethylene was suitable 
for oxygen cutting. Ethylene was not recommended 
for welding. 

A gas known as carbo-hydrogen (85% hydrogen, the 
remainder consisting of light hydrocarbons) was used 
by Viall’’ and others’ at 5 Ib./in.* to cut steel 1 inch 
thick manually at 60 ft./hr. Oxygen pressure and con- 
sumption were 35 lb./in.’ and 3 cu. ft./ft., respectively, 
the consumption of carbo-hydrogen being 1'/2 cu. ft./ft. 
No flash-back system'*® was required. Cockerill®!’ lists 
18 U. 5. patents on the use of unusual fuels for oxygen 
cutting. 

A substance derived from the manufacture of alcohol 
and known as calorene (86% C, 14% He, 158 B. t. u./ 
cu. ft., flame temperature = 3425° C.) was recommended 
by Kinsey.'*® Cutting speeds were 102 ft./hr. at 0.41 
inch thick and 16 ft./hr. at 19 inches thick. This truly 
remarkable gas has not been heard of since 1920. 
Calol,'*’ a liquified petroleum gas (2550 B. t. u./cu. ft.), 
has been used to cut armor plate 14 inches thick and steel 
shafts 24 inches diameter (no details). 


COST 


The effect of different preheating fuels, especially city 
gas, on the cost of oxygen cutting has been the subject of 


Oxygen Pressure, Tip Size 
Lb. /In.? Drill No. 

15 57 (0.0430 in.) 

30 55 (0.0520 in.) 

35 52 (0.0635 in.) 

45 52 (0.0635 in.) 

65 42 (0.0935 in.) 

105 35 (0.110 in.) 


145 28 (0. 1405 in.) 


APPEARANCE OF CUT 
Drag 


Drag is the distance the bottom of a cut lags behind 
the top or torch side, Fig. 33. The relationship of 
drag to speed, gas consumption and other factors has 
been discussed in preceding sections. Drag increases at 
first slowly, then more rapidly as the cutting speed is in- 
creased, other variables being maintained constant. As 
the cutting speed is decreased nearly to zero, on the 
other hand, drag is replaced by gouging in which, due 
to the expansion and reduction in velocity of the jet in 
the lower portions of the cut, oxidation spreads not only 
laterally but ahead of the tip. In this way negative 
drag may be produced with tip perpendicular to plate. 
However, negative drag is not @ manifestation of the 
same process that operates to produce positive drag. 
The conditions under which gouging replaces drag in the 
lower parts of the cut have not been studied systemati- 
cally. Increasing the acetylene consumption slightly 
increases the drag in steel 1 inch thick. Ordinarily 
decreasing the cutting oxygen pressure increases*® the 
drag, although Helmkamp™ points out that extremely 
high oxygen pressure also increases the drag (no details). 
One of the earliest investigators of oxygen cutting'* 
observed that the drag grooves became deeper as the 
oxygen pressure increased, but his observation on the 
whole has not been confirmed. 

Permissible drag depends on the shape of the cut, the 
necessity for drop-off and the desired smoothness, al- 
though there does not seem to be a strict relationship 
between drag and smoothness. Crowe and Deming’ 
base their cutting on “‘standard’”’ drag, Table 37, which 
is the maximum drag that will not leave an uncut final 
corner, assuming that a squared edge exists at the end of 
the torch and that the jet is perpendicular to tie surface 
of the plate. Although the “‘standard”’ drag is not neces- 
sarily the most suitable for every cut, it may be applied 
satisfactorily to the majority of cutting work, including 
irregular shapes. Instead of quoting a maximum drag 


Table 37—‘‘Standard”’ Drag in Oxygen Cutting Mild Steel. 
Crowe and Deming':*** 
Plate Thickness, 


Approximate Length of 


a great deal of discussion,'**. '®. 16%. 15, 1% which has not Inches Standard Drag, Inch 

led to uniform, quantitative formulation. A_ useful 1/, */22 

formula is given by Crowe and Deming! (see Welding 1 nie 

Handbook, 1938 edition, pp. 296-297) who agree with 2to6 vi 
Slottman'*® that the cost of oxygen is a vital factor. 
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Fig. 33—Helmkamp's'‘ Diagram Illustrating Drag 


for each thickness, Ehret*® stated that up to 25%, drag is 
satisfactory. Less is advisable for thick material or ir- 
regular shapes, whereas more may be used in cutting thin 
material. The extent to which increasing drag creates 
off-squareness in shape cutting has not been reduced to 
quantitative terms, although Slottman’* stated that 
undercut is prevented by adopting a small drag. 
Amédéo** pointed out that with excessive drag the slag 
does not flow so readily out of the kerf and oxide par- 
ticles may be blown back into the tip. 

That drag is not created by the inclination of the cut- 
ting orifice may appear obvious; nevertheless de Jessey'® 
proved it by making machine-oxygen cuts in both direc- 
tions with the same torch and observing that there was 
no change in drag. Moreover, no difference in drag is 
noted whether the torch is stationary while the piece 
being cut is moved, or vice versa. If the torch moves, 
the oxygen stream leaves the orifice at an angle but 
nonetheless in a straight line if air resistance and dis- 
sipation of jet energy are neglected. The angle, however, 
is minute, because jet velocities are 500 ft./sec. or more, 
whereas torch velocity never exceeds 0.05 ft./sec. 

Despite the fact that drag controls cut quality to a 
great extent and that the response of drag to changes 
in cutting variables is well known, there has been but 
one attempt to account for drag in terms of the basic 
factors of oxygen cutting, namely: cutting speed, jet 
velocity and reaction velocity. According to Malz,” 
cutting velocity, as in Fig. 34, is the resultant of cutting 
speed and velocity of oxidation, so long as the cutting 
speed is adequate to prevent gouging. Velocity of 
oxidation was considered to act perpendicular to the 
plane of the plate at any point in the cut, and was an 
undefined combination of jet velocity and the velocity 
of the reaction between iron and oxygen. Malz did 
not consider the component of reaction velocity in the 
direction of cutting. 


The progressive reduction in oxidation velocity at 
constant cutting speed as the jet penetrated the cut 
accounted for drag, Fig. 35. The reduction in oxidation 
velocity with increase in depth was due to a decrease in 
concentration of uncombined oxygen. The action of 
oxide was not considered. Practically zero drag can 
be obtained only when (1) the cutting speed is negligible 
compared with the velocity of oxidation, and (2) the 
velocity of oxidation is the same on the torch side as 
on the lower side of the cut, or, more vigorously ex 
pressed, the oxidation velocity is practically the same 
at all points in the cut. 

Oxidation velocity was measured in an approximate 
manner by Malz by determining the rate at which the 
jet from a cutting torch grooved the side of a steel plate 
2.4 inches thick. The torch was held stationary 0.16 
inch above the plate, and the oxygen was not released 
until the edge of the plate had been preheated to the 
customary extent. The progress of the groove created 
by the jet was followed by means of a motion picture 
camera (200 pictures per second). Two tips and five 
pressures were used, Fig. 36. There seemed to be no 
difference in the rate at which the groove progressed at 
different depths of cut. As the oxygen pressure was in- 
creased the velocity at which the groove progressed in 
creased to a sharp maximum at a pressure corresponding 
to the critical pressure, Fig. 1, for the tip and plate. At 
higher pressures the progress of the groove was slower. 
The maximum velocity of progress of the groove was 
slightly higher for the smaller tip than for the larger, which 
also is in agreement with the cutting tests at practically 
zero drag, Fig. 11. Malzdid not place too much reliance 
on the results in Fig. 36, the oxidation velocity indicated 
by the progress of the groove with stationary torch being 
much slower than the oxidation velocity that probably 
prevailed during oxygen cutting at relatively high cut- 
ting speeds. 

It should be observed that Malz did not formulate his 
term “‘oxidation velocity,’ beyond giving it the units: 
inches of groove per second. A more orthodox expres- 
sion of reaction velocity might be: number of molecules 
of oxygen per second that react with unit surface of iron 
in the semicircular kerf. Malz did not go further than 
to state that oxidation velocity depended on ‘‘the me- 
chanical action of the kinetic energy’’ of the jet in addi- 
tion to the reaction velocity. It is clear from the 
photographs presented by Malz that the oxygen jet drove 
a wave of liquid oxide along with it but at a much slower 
speed. There was no visible disintegrating or splitting 
action of the cold jet on the hot metal. Nor does it 
seem reasonable that the jet can erode the compact 
metal. For example, a nitrogen jet of the same char- 
acter as the oxygen-cutting jet has no effect on hot steel 
The high speed of the jet is essential to prevent it from 
spreading and to assist the downward flow of the liquid 
oxide. A low jet speed would increase the time of con 
tact of iron with oxygen, but might increase the maximum 
cutting speed at which gouging occurs. Malz concluded 
that drag can be reduced in two ways: (1) by an 
crease in oxygen pressure, (2) by decreasing the cutting 
speed. The first method is undesirable, for the cut ts 
cooled, whereas the second is effective in increasing the 
concentration of uncombined oxygen and in narrowin 
the kerf without cooling the cut. 

No attempt was made by Malz to compute the curva 
ture of drag lines from his measurements of oxidat 
velocity. It is obvious that the values for oxidat: 
velocity in Fig. 36 correspond to rather large angularities 


of the drag line. In the cutting tests, on the contrary, 
the drag lines were practically vertical 
A qualitative representation by Bonhomm« of drag 
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on the basis of the heat produced by the preheating 
flame and by oxidation, Fig. 37, combines the tem- 
perature distribution due to both sources of heat. If 
7, is tne temperature to which the kerf must be raised 
for oxygen cutting (no details), there will be no drag in 
b, a small drag in ¢ represented in f, a rough cut in d 
and no cutine. The curves 7) and 7,, representing the 
distribution of temperature due to oxidation and to the 
preheating flame, respectively, are assumed and are not 
based on experimental observations. For example, 
more heat was evolved by the burning of iron in the 
center of the cut than at the top or bottom, according 
to Bonhomme, because the slag rapidly flowed away 
from the top and bottom of the cut—hardly a convincing 
explanation. In the absence of a quantitative method 
for computing the shape of drag lines, the discussion of 
cut quality must be confined to qualitative statements. 


Cut Quality 


Cut quality is judged principally by smoothness of 
the surface of the cut, sharpness and cleanliness of edges, 


Fig. 35—As Oxidation Velocity O Diminishes at Deeper Parts of the Cut, 
the Angle of Drag Increases. See Fig. 34. Malz”® 
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Fig. 34—Sketch Showing the Resolution of Speed of Motion of Torch, V, 

and ‘Oxidation Velocity’’ O, Into the Velocity, S, at Which Oxidation 

Proceeds. The Angle Between pat a S is Related to the Angle of Drag. 
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Fig. 36—Oxidation Velocity as a Function of Pressure of Cutting Oxygen 

Using Two of the Tips Shown in Fig. 2, Namely: 0.063 and 0.089 Inch 

Throat. The Oxidation Velocity Was Determined from Motion Pictures 

(200 Frames per Sec.) of the Progress of the Region of Oxidized Meta! 

Down the Side of a Mild Steel Plate 2.36 Inches Thick, Tip Distance = 0.16 

Inch. The Tip Was Stationary and the Intensity of the Preheating 
lames Was the Same in All Tests. Malz*’ 


and uniformity of kerf width. The operating factors con- 
trolling cut quality are stated concisely by Crowe and 
Deming! (see Welding Handbook, 1938 edition, pp. 
298-301). Of these factors, relative vibration of plate 
and torch had particularly disastrous effects on smooth- 
ness in tests made by Amédéo*’ and Assmann.*° 

Cut quality changes with changes in machine-cutting 
conditions, as Pederick** and Witt'®** have shown. 
Starting with optimum conditions recommended by the 
cutting table for the torch, if the cutting speed is in- 
creased, drag is increased, the kerf narrows at the bottom 
and successive stages are reached at which first the final 
corner is uncut and then the cut fails to penetrate. Ir- 
regularities in the shape of the drag lines that are pro- 
duced by segregations in the plate are accentuated as the 
cutting speed is increased. If, instead of increasing the 
cutting speed, it is decreased, the rate of combustion 
is greater than the rate of travel of the oxygen jet. The 
iron is grooved ahead of the jet and cools sometimes to a 
dull red before the oxygen jet reaches it. 

If correct cutting speed is maintained but the oxygen 
pressure is decreased the conditions in Assmann's*® 
experiments are duplicated. Drag increases as cutting 
pressure decreases, smoothness being lost after the drag 
has become considerable (no details). If the speed is 
reduced to maintain the cut at reduced oxygen pressure 
the cut is fluted and contains shallow vertical depressions 
'/s to '/, inch wide. The effect is pronounced in cutting 
mild steel 1'/: inches thick and is accentuated by using 
a larger tip than is necessary. Pederick conjectured that 
fluting was an enlarged drag, created in the same way as 
drag by a combination of chilling and an effect due to 
surface tension (no details). Inadequate pressure ac- 
counted for wandering cuts in which the cut departed 
from the vertical (bent kerf). Wandering may become 
so serious at low pressure in thick steel that the jet is 
deflected 90° or more from its initial direction. Pocket- 
ing occurs and it becomes impossible to cut through the 
steel. The temperature and composition of the oxide 
in pockets have not been determined. The tempera- 
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Fig. 37—Assumed Temperature Distribution Across the Thickness in 
Oxygen Cutting 
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ture probably is low corresponding to an oxide super- 
saturated with iron. 

If the pressure, instead of being decreased, is increased 
above the correct value, the drag lines are deepened. 
A large excess of oxygen pressure may produce a hori- 
zontal bulge in the kerf at right angles to the drag lines. 
The kerf, narrow at the upper surface, widens out and 
then becomes narrow again near the bottom. The 
bulge is due to a combined diffusion and throttling effect 
and is magnified by increasing the tip distance. Crowe 
and Deming state that the horizontal bulge corresponds 
to flow nodes (no details) in the oxygen jet. Instead of 
the kerf widening near the center of the thickness it 
may narrow in cutting'** steel 5 inches thick with exces- 
sive oxygen pressure. 

The drag line shown in Fig. 38 (a) is frequently ob- 
served in heavy cuts at high speed. The line is char- 
acterized by sharp curvature near the middle of the 
thickness caused by retardation of oxidation through 
segregations in the steel. On the following nearly 
straight portion, oxidation velocity in Malz’s sense must 
be constant. The retardation in jet velocity is compen- 
sated for by addition of heat by hot oxide from the upper 
parts of the cut. Addition of heat coupled with de- 
creased heat conductance may account for the swing of 
the drag line toward the vertical at the bottom of the 
cut. It would be interesting to know whether the 
reversed curvature at the bottom would be favored by 
preheating the lower surface to be cut. In Fig. 38 (0) 
pronounced segregation has caused sharp irregularities 
in the drag line. 

In addition to irregularities created by improper 
torch and machine adjustment, irregular cuts are pro- 
duced by roughness or mechanical defects in the throat 
or orifice of the tip or to slag adhering to the tip near the 
orifices. Abnormal turbulence or eccentric discharge 
accounts for the irregularities, which have not been 
investigated in detail. The sharpness of the top edges 
of the kerf was discussed in the section on Preheating 
Flame. 

The quality of the lower edges of a cut is determined 
by the oxide that flows from the kerf, as shown by Crowe 
and Deming (see Welding Handbook, 1938 edition, p. 
301). The manner in which the slag flows from the 
kerf is an indication of conditions during heavy cutting, 
according to Helmkamp," Fig. 33. ‘Good cutting pro- 
cedure produces a fan-like spray of sparks, hugging the 
bottom surface, drooping at the outer edges, and issuing 
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from the leading edge of the kerf in a forward direction 
and to both sides, Fig. 33 (c). Just to the rear of this 
spray of sparks is the heavy slag, clinging to the bottom 
of the cut and lazily dropping in large globules."’ The 
sparks leading the torch may represent slag clinging to 
the lower surface and disengaged by the oxygen jet, the 
projection of the slag forward being a resultant of the 
clinging force and the blowing force. These sparks 
may also be thrown out in all directions during the com- 
bustion of iron at the lower surface. 

In contrast with Helmkamp, Ussher*® stated that the 
stream of sparks is perpendicular to the surface at the 
correct cutting speed. Amédéo*’ found no sparks if the 
oxygen pressure were reduced to 7 lb./in.* in cutting 
mild steel 1.2 inches thick. Bermann’s*®' conception 
of the origin of sparks in oxygen cutting is illustrated in 
Fig. 39. There are liquid drops (a), sparks, which are 
metal particles oxidizing during passage through the air 
(b) and dark red sparks of iron and manganese silicates 
(c). The silicates were supposed to occur on the surface 
of the plate, their energy of propulsion being self- 
generated (no details). Wiss*®? found, contrary to Ber- 
mann, that the smoothest cuts are obtained when 
liquid drops are not formed but when there is an abund- 
ance of sparks. Nevertheless, smooth cuts could be 
produced with few sparks. With tip inclined so that the 
jet moved opposite to the direction of cutting, no sparks 
were observed, whereas with opposite inclination there 
were voluminous sparks; yet both cuts were smooth. 


Precision 


A condensed discussion of precision in oxygen cutting 
is given by Crowe and Deming (see Welding Handbook, 
1938 edition, pp. 301-303). Magchine-actuated torches, 
clamping and minimum of vibration are essential for 
precision cutting. Cutting tolerances are given by 
Moss**» ** and the International Acetylene Associa- 
tion,’ Table 38 and Fig. 40. Riviére® quoted 0.02 inch 


Table 38—Machine Oxygen-Cutting Tolerances. 


International Acetylene Association’ (1933) 
Thickness, Inch Cross-Cut Tolerance, Inch 
+(), 0030 
2 0 O100 
4 O175 
6 +().0312 (*/39) 
12 (*/ 6) 
24 +(). 1250 


as the precision with which machine-oxygen cuts could 
be made in clamped parts (thickness not stated). These 
values are an improvement over the tolerances quoted 
by Wiss*”? in 1909, namely, + 0.04 inch thick, 0.08 inch 
up to 10 inches. 

Isolated examples of precision machine cutting have 
been described by a number of writers. Dawson”* 


(b) @) 


Fig. 38—Erratic Drag Lines. Crowe and Deming 
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could retain a straight, smooth edge when as little as 
‘/is inch was removed by oxygen cutting. In straight 
line cutting mild steel 1'/, inches thick the precision 
was 0.008 inch in 15 inches length and 0.002 inch in the 
transverse direction. A plate*®® whose width was in- 
tended to be 3.50 inches was cut to 3.495 inches. Mea- 
surements of the precision of a magnetic shape-cutting 
machine made by a Belgian firm**® in cutting unclamped 
steel plates about 30 inches square into two rectangles 
12 x 24 inches showed that the width of the rectangle cut 
from annealed plates 0.39 inch thick did not depart more 
than +0.008 inch from the desired value (cutting speed 
= 71 ft./hr., which is rather slow). With the next larger 
tip and lower oxygen pressure, 28 lb./in.* instead of 
36 Ib./in.*, the departure from desired width increased 
to +0.010 inch at the same speed. The departure for 
annealed plates 1.18 inches thick cut at 41 ft./hr., 
53 Ib./in.*, was +0.012 inch. The departure for as- 
rolied plates 0.79 inch thick (50 ft./hr., 36 Ib./in.*) was 
+(0.024 inch, the increase being attributed to internal 
stresses in the plates before cutting. The precision of 
the tracing mechanism was +0.006 inch. A routine 
test used by Moss*® for the dimensional accuracy of 
free-hand and guided manual cutting consisted of mea- 
suring a specimen 12 x 3 inches cut from plate '/2 inch 
thick. The requirements are shown in Fig. 41 (see 
section on Distortion). 


Width of Kerf 


The width of the kerf is the distance between the two 
surfaces of the cut. Asa rule kerf width is constant at 
all sections through the thickness, variations in kerf 
width being associated with incorrect cutting procedure. 
Kerf width is a measure of the amount of iron removed 
by the cutting jet and must be known in advance for 
precision cutting. A narrow kerf leads to less atmos- 
pheric dilution than a wide kerf, according to Anderson.*°* 

Kerf width increases as the thickness is increased, as 
shown in Tables 1 and 2. Helmkamp’s”” rule-of-thumb 
allowance for kerf width in machine cutting is 1'/2 to 
2 times the diameter of the cutting orifice for thick- 
nesses over 6 inches. For thinner material the kerf 
width may be assumed the same as the diameter of the 
cutting orifice. According to de Jessey’s rule,*'® the 


Fig. 39—Streams of Sparks and Drops of Slag in Oxygen Cutting. 
Bermann”™! 


e—Drops 

b—Sperks 

c—Droplets of iron and manganese silicates formed on the surfaces of the stee! by the 
preheating fame and blown away by it 
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Fig. 40—Tolerances Prevailing i 1933 for Machine Oxygen Cutting. 
oss’? 


kerf width is 1.8 times the diameter of the oxygen 
nozzle. A typical determination of kerf width is 
provided by Szumowski,*** Table 39. Using a separate- 


Table 39—Determination of Kerf Width in Machine 
Oxygen-Cutting Locomotive Frames. Szumowski””* 


Thickness to be cut, inch 1.6 3.5 
Width of kerf, inch 0.08 0.16 
Cutting speed, ft./hr. 47 37 
Cutting oxygen pressure, Ib. /in.? 36 78 

Tip distance, inch 0.16 0. 16-0. 20 
Oxygen eonsumption, cu. ft./hr. 160 360-420 


jet oxy-hydrogen torch in 1905 Jottrand’! obtained a 
wide kerf (0.08 inch wide) in mild steel, 0.59 inch thick, 
at a speed of only 39 ft./hr. Nevertheless, Réthlin® 
stated that tips with concentric preheating flame pro- 
duced wider kerfs than separate-jet torches (no details), 
which is in agreement with Helmkamp’s"! observation 
that if the preheating holes of a four-hole tip are in line 
with the cut the kerf is narrower than if the preheat 
jets play entirely on the sides of the kerf. For the same 
diameter of cutting orifice, Malz® found only 20% in- 
crease in kerf width, Fig. 42, as thickness was increased 
from 0.20 to 3.15 inches. The cuts were made at the 
maximum speed at which practically zero drag could be 
maintained, Table 5. 

It may be inferred that the increase in kerf width with 
increase in thickness in Tables 1 and 2 is accounted for 
by the use of large cutting orifices for heavy cutting, as 
suggested by Helmkamp’s rule, and by Daniel and 
Durant’s’ formula: W = 1.5D, where W = width of 
kerf and D = diameter of cutting orifice supplied with 
oxygen at the correct pressure. In 1911 Horn'**® ob 
served that kerf width in steel */, inch thick was the same 
as cutting orifice diameter. 

Experiments on the effect of tip diameter on kerf width 
have been made by Malz,” Table 5, and Assmann. 
The cuts made by Malz were at the highest speed at 
which a practically zero drag could be maintained. The 
cuts were made in wide plates and were only 1.6 to 2.4 
inches long. The distance between cuts was about 2 
inches. Still further to avoid the effect of distortion on 
kerf width, the plates were machined to within 0.4 inch 
of the end of the cut, at which section the kerf widt! 
was measured. There was direct proportionality be- 
tween tip diameter and kerf width, Fig. 42. The di- 
ameter of the oxygen jet itself also was measured at the 
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Fig. 41—Tolerance Tests for Manual Oxygen Cutting of Structural Steel 
*/, Inch Thick. Moss 


Left: Full free hand cutting 
Right: Guided hand cutting 


pressures used in the experiments on kerf width (see 
section on Nozzles). The kerf was wider than the jet 
by an amount, Fig. 43, which was independent of di- 
ameter and type of orifice, but was larger for thin ma- 
terial than for thick. Malz believed that the turbulence 
or disturbance of the jet at the high cutting speeds ac- 
counted for the relatively wide kerf in the thin plates. 

In Assmann’s** experiments the kerf width in mild steel 
1.18 inches thick was measured for a wide range of 
cutting conditions, Table 40. The cuts were 2 inches 
long and 1 inch apart, the width being measured 0.4 
inch from the end after the remainder of the cut had been 
planed off. Assmann’s results nearly coincide with those 
secured by Malz, both showing a linear relationship 
between kerf width and tip size. 

The effect of oxygen pressure alone on kerf width was 
investigated by Assmann,®* in whose tests, Table 40, 
the pressure was increased from 21 to 142 lb./in.*, all 
other conditions remaining the same except oxygen con- 
sumption. There was an irregular increase in kerf 
width as oxygen pressure was increased. 

As tip distance was increased, Assmann*® found, like 
Wiss,'*' Fig. 13, that kerf width increased slightly. 

An increase in cutting speed tended to increase kerf 
width in Assmann’s*® tests, Table 40. However, as the 
cutting speed was increased, the oxygen pressure was 
raised. Since an increase in pressure from 26 to 57 Ib./ 
in.* with a smaller tip diameter increased the kerf width 
about 0.008 inch at constant speed, only part of the 
widening in the cutting speed tests can be attributed to 
speed. In tests made by Malz, Table 41, all variables 
were maintained constant except cutting speed and pre- 
heating flame, the intensity of which was varied in 
accordance with the cutting speed (no details). There 
was a relatively small increase in kerf width as the cutting 
speed was raised. Impurities in the cutting oxygen 
widen the kerf, as Tucker*® found in 1911 in oxy-hydrogen 
cutting mild steel */, inch thick. Horn* stated that the 
kerf is widened 0.002 inch for each 1% increase in im- 
purities in the oxygen. Plieninger’s'** tests on oxy- 
gen purity, Table 42, were probably the basis of Horn’s 
rule. The kerf width was measured */; inch from the 
end of a short cut into mild steel 1.57 inches thick con- 
taining 0.12 C. A hand-actuated straight line cutting 
machine was used with a concentric-jet torch. The 
impurity was air. 

The shape of the kerf was discussed qualitatively in 
the section on Cut Quality. Wiss and Assmann agree 
that if the tip is too close to the plate, the kerf is slightly 
wider at the bottom than at the top. If the tip distance 
is too large, the reverse applies. Malz and Assmann 
agree that the bottom of the kerf is much wider than the 
top if the cutting speed is too high, and that the opposite 
condition is created if the cutting oxygen pressure is too 
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low. However, Pederick*’ found that cutting 
speed was increased, the kerf narrowed at the bottom (no 
details). Of all the cuts Assmann measured, the cut 
having the most nearly parallel sides was made with 
10% drag. Impurities in the oxygen acted in the same 
direction as inadequate oxygen pressure to narrow the 
kerf at the bottom.'* 


PREHEATING THE CUTTING OXYGEN 


By raising the temperature of the cutting oxygen be 
fore it enters the kerf the cooling action of the jet should 
be reduced. However, the density of oxygen is decreased 
as its temperature is raised. To cut with preheated 
oxygen under the same conditions as with unpreheated 
oxygen it would be necessary to cut in a pressure chamber 
at a pressure higher than atmospheric and dependent on 
the oxygen temperature. Strict comparison between 
preheated and unpreheated oxygen cannot otherwise 
be made. Since investigators of preheated oxygen have 
not made tests in pressure chambers their tests are com- 
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Fig. 42—Average Width of Kerf in Machine Oxygen Cutting Mild Steel 

0.20 to 3.15 Inches Thick at the Maximum Speed at Which Practically 

Zero Drag Can Be Maintained Using the Tips Shown in Fig. 2. The Tip 

Diameter Is the Minimum Diarmeter d. Inset Shows Effect of Plate 

Thickness on Average Width of Kerf Using Tip 0.035 and 0.104 Inch 
Diameter. Malz” 


OXYGEN CUTTING OF STEEL 197-s 


ho. 
7 
' 
THESE EDGES IN 
are 
q MOMINAL NOs 
MALIMUM 
q 
tid 
q 
g. | 
n 
4 
4 
a 
4 
25 
)- 
), 
n 
hal 
it 
le 
d 
le 
€ 
h 
aS 
d 
yf 
h pe’ 
) 
q 
h 
it 
A 
‘h 4 
l- 
te 


Table 40—Effects of Tip Size, Oxygen Pressure, Cutting Speed and Tip Distance on Kerf Width. Assmann™ 


Diameter 


Width of Kerf, Inch 


of Cutting 0.39 Inch 0.79 Inch Consumption 
Cutting Oxygen Cutting Tip Below Below of Cutting 
Orifice, Pressure, Speed, Distance, At Upper Upper Upper At Lower Oxygen, 
Inch Lb. /In.? Ft./Hr Inch Surface Surface Surface Surface Average Cu. Ft./Ft 
0.020 156 47 0.20 0.055 0.047 0.043 0.043 0.047 1.25 
0. 028 85 47 0.20 0.061 0.061 0.061 0.059 0.061 1.45 
0.039 57 47 0.20 0. 067 0. 067 0.071 0.079 0.071 1.87 
0.047 43 47 0.20 0.079 0.085 0. O87 0. O87 0.084 2.02 
0.059 28 47 0.20 0.104 0.114 0.114 0.095 0.107 2.32 
0. O67 21 47 0.20 0.110 0.118 0.118 0.126 0.118 2.64 
0.083 18.5 47 0.20 0.130 0.130 0.130 0.130 0.130 3.30 
0.039 21 47 0.20 0.079 0.079 
0.039 28 47 0.20 0.083 0.075 0.047 0.032 0.059 1.11 
0.039 36 47 0.20 0. O87 0.075 0.059 0.047 0. O67 1.29 
0.039 43 47 0.20 0.075 0. 067 0.063 0.067 0.068 1.49 
0.039 50 47 0.20 0.071 0.071 0.071 0.071 0.071 1.68 
0.039 57 47 0.20 0.071 0.071 0.075 0.083 0.075 1.87 
0.039 85 47 0.20 0.079 0.071 0.075 0.079 0.076 2.60 
0.039 114 47 0.20 0.095 0. O87 0.079 0.083 0.086 3.42 
0.0389 142 47 0.20 0.110 0.114 0.099 0.102 0.106 4.21 
0.059 26 39 0.20 0.106 0.106 0.102 0.099 0.104 2.62 
0.059 23 47 0.20 0.104 0.114 0.114 0.095 0.107 2.32 
0.059 43 59 0.20 0.091 0.099 0.114 0.173 0.119 2.50 
0.059 57 72 0.20 0.095 0.102 0.130 0.1938 0.130 2.58 
0.089 57 47 0.12 0.067 0.065 0.067 0.075 0.068 1.87 
0.039 57 47 0.20 0.071 0.071 0.075 0.083 0.075 1.87 
0.039 57 47 0.28 0.071 0.069 0.071 0.075 0.072 1.87 
0.039 57 47 0.35 0.079 0.071 0.071 0.075 0.074 1.87 
Notes: Mild steel 1.18 inches thick. Oxygen purity = 99%. Oxygen volumes corrected to 20° C. and 760 mm. mercury. 


plicated by differences in oxygen concentration in the 
jet with temperature, which cannot be corrected. 
Although it is impossible to conclude from available 
evidence whether preheated oxygen has any advantages, 
the effect of preheating must be small. Early investiga- 
tors were generally in favor of preheating the oxygen. 
Before 1920 Dyar®®’ and Odell?” found that preheating 
the cutting oxygen increased the cutting speed and 
decreased the consumption of oxygen per unit length, 
Mitchell®® observing only the increased speed (no 
details). According to Carter,*'' warm cutting oxygen 
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Table 41—Effect of on Width of Kerf. 
Width of Kerf, Inch 
0.39 Inch 0.79 Inch 
Cutting Below Below 
0028 —_ Speed, At Upper Upper Upper At Lower 
Ft./Hr. Surface Surface Surface Surface Average 
20 0.075 0.079 0.071 0.075 0.075 
34 0.079 0.085 0.079 0.085 0.082 
49 0.081 0.079 0.087 0.089 0.084 
64 0.079 0.083 0.089 0.093 0.086 
0024 as Pa 79 0.075 0.085 0.097 0.100 0.089 
Mild steel, 1.18 inches thick. 
Tip distance = 0.110 inch. 
xr Diameter of cutting orifice = 0.047, Fig. 2. 
Cutting oxygen pressure = 83 lb./in.? 
= 0020 ~ — Cutting oxygen consumption = 150 cu. ft./hr. 
N 
| Table 42—Effect of in Cuttin on “Width 
0016 of Kerf in Oxy-hydrogen Cutting. Plieninger'*’ (1912) 


was more efficient than cold in cutting risers. Plien- 
inger,'*? using an oxy-hydrogen torch (see section on 
Preheating Fuels) increased cutting speed and decreased 
oxygen Consumption each by 6% at 99% oxygen purity 
and by 30% at 85% purity by preheating the oxygen to 
200° C. (temperature of oxygen jet 0.12 inch from tip; 
temperature in oxygen pipe just before the tip was 400° 
C.) in cutting steel 1.6 inches thick. The steel could be 
cut with preheated oxygen of 74% purity, whereas at 
least 80% purity was required to cut with unpreheated 
oxygen. The use of hydrogen may have had some effect 
on Plieninger’s results, for Wilson*' found no advantage 
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Fig. 43—In Machine Oxygen Cutting Mild Steel at the Maximum Speed 
at Which Practically oN Drag Could Be Maintained, Malz® Found 
That the Kerf, on the Average, Was an Amount Z Wider be x the Diame- 
ter of the Oxygen det (Not Orifice or Throat of Nozzle). i with 
Plate Thickness but Not with Tip Diameter for a Given Plate Thickness 
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in using preheated oxygen with oxyacetylene cutting 
torches, but effected considerable saving by preheating 
the oxygen when coal gas was used as fuel. 

The strongest evidence in favor of preheating was 
secured by a German laboratory, Table 43. The oxygen 


Table 43—Effect of Preheating the Cutting Oxygen on Cut- 
ing* Speed** (Ft. /Hr.) 


Oxygen 97.5% 98.6% 99.5% Oxygen Purity 
Consump- 160 280 160 280 160 280 Temperature 
tion of Oxygen, 
Cu. Ft./Hr. 
42 19 21 26 29 3436 Ft./Hr. 
71 39 44 49 53 1 Ft./Hr. 
106 63 «65 75 82 Ft./Hr. 


* Mild steel 0.79 inch thick, containing 0.06—0.10 C. 


was preheated in a copper spiral 6'/> ft. long in an oil 
bath at a temperature of 160 or 280° C. The tempera- 
ture of the oxygen as it left the cutting orifice was not 
measured. Strictly comparable tests without preheat- 
ing were not reported. Nevertheless, preheating in- 
creased the cutting speed about 10°. These tests 
appear to be the only basis for Holler and Schneider’s** 
statement in 1936 that preheated oxygen increases the 
cutting speed. 

One of the reasons for Horn’s** preference for concen- 
tric-jet torches over torches with separate jets was the 
preheating received by the oxygen from the concentric 
preheating flame. Amédéo** accounted in the same 
way for the lower oxygen consumption of the concentric- 
jet torch, but found that preheating the oxygen in a 
Bunsen flame was disadvantageous. Preheating ex- 
panded the oxygen and exerted the same effect as an 
addition of impurity. Preheating the oxygen in a coil 
heated by the cut (no details) reduced the starting time 
to '/s-'/, of the customary time, and increased the cut- 
ting speed 20° in cutting mild steel 1.18 inches thick.** 

The best temperature for cutting oxygen was believed 
by Daniel and Durant’? to be about 20° C. (60° to 70° 
F.). Oxygen at 40° C. (100° F.) favored oxide accumula- 
tions on the lower edges of the kerf. As a result of some 
tests of which no details were given, Crowe?!? concluded 
that preheated oxygen did not decrease the oxygen con- 
sumption within commercial limits. According to 
Schimpke and Horn,”’ preheated oxygen widens the 
kerf and increases the oxygen consumption (no details). 
A torch*™ fitted with an electric heater to preheat the 
cutting oxygen in cold weather was described in 1927. 


PREHEATING THE STEEL 


It is common practice to preheat higher carbon and 
alloy steels at 320-600° C. to prevent hardening and 
cracking during oxygen cutting, as explained by Crowe 
and Deming (see Welding Handbook, 1938 edition, pp. 
315-317; AMERICAN WELDING SociETY JOURNAL, 18, 
235-s(1939)). For example, Stewart?'* describes the 
oxygen cutting of wrenches from red-hot leaf springs, 
and Grant?" cut locomotive rod forgings at 480-590° 
C. Both heat treated the parts after cutting. 

In addition to its metallurgical effects, preheating 
reduces the oxygen consumption per unit length of cut. 
Using an oxy-hydrogen torch (see section on Preheating 
Fuels), Plieninger'** increased the cutting speed 26 to 
38% and reduced the oxygen consumption 23 to 41% 
by preheating steel 0.79-1.57 inches thick to 600° C. 
The plates were heated by oxy-hydrogen torches from 


below with two auxiliary treating torches on the upper 
side of the plate. Temperature was measured by 
means of a thermocouple at the center of the plate. 
Cuts in preheated steel were smoother than in cold steel. 
Mitchell®* and Ketchbaw'® also found that preheating 
increased the cutting speed, and Clarke'®’ observed that 
hot steel may be cut 50 to 100°) faster than cold steel 
(no details). By preheating steel 7 inches thick to 
375° C. (700° F.), Bainbridge'®® increased the cutting 
speed to 38 ft./hr. from 21 ft./hr. for cold metal. Simi 
larly, the cutting speed for steel 10 inches thick was in- 
creased to 30 ft./hr. from 19 ft./hr. for cold metal. 

There seems to be a maximum temperature beyond 
which preheating is disadvantageous from the stand 
point of cut quality and gas consumption. Helmkamp!*! 
stated that minimum oxygen consumption is secured by 
preheating to 260-320° C. Like Helmkamp and Cur 
tiss,*'® Riviére'® recommended preheating to 200-300° C., 
but not above 900-1000° C., otherwise larger preheating 
jets were required. In cutting wing-type ingots of alloy 
steel, Firth and Knox?'® found that if the temperature 
was below 760° C. cracks occurred, whereas above 
870° C. the metal sloughed away and cutting was re- 
tarded. A preheated wing 12 x 16 x 58 inches was cut in 
7 min. using 42 cu. ft. acetylene and 549 cu. ft. oxygen. 
Since the torch adjustment for the cool surface of the 
plate is different from the hot interior, where the velocity 
of oxidation is more rapid, Obert and Hasse*"” and Crowe 
and Deming! warned against preheating above 700° C. 
(1300° F.). Cooling of the surfaces of steel preheated 
to a high temperature is difficult to avoid during cutting 
and leads to the formation of cavities in the kerf. Ex 
pansion must be considered in precision cutting of 
preheated steel as Ketchbaw'® pointed out. Probably 
to protect the tip it was also said that the tip distance 
should be larger in cutting preheated steel than cold. 


THEORIES OF OXYGEN CUTTING 


Investigators of oxygen cutting have been cautious 
about offering hypotheses and have been content rather 
to determine the influence of all variables so as to secure 
a perfect command of cutting torch and process. Conse- 
quently, the process is on an empirical basis so far as the 
literature reveals. The barriers to a theoretical com 
prehension of the process are the experimental difficulties 
imposed by (1) localized high temperature, (2) high 
oxidation rate and (3) high jet velocity. 

1. According to Plieninger'*® (1912), who used a 
Wanner optical pyrometer, the maximum kerf tempera- 
ture in oxy-hydrogen cutting low-carbon steel 1'/» 
inches thick is 1580° C. for oxygen of 98'/.°, purity 
and 1420° C. for 80% oxygen purity. More reliable tem- 
perature determinations would assist in evaluating 
whether oxidation of the steel occurs at a liquid metal- 
liquid oxide interface or at a solid metal-liquid oxide 
interface, assuming for the moment that the steel is 
oxidized principally through the medium of an oxygen 
rich oxide rather than by direct contact with gas. lia 
layer of molten metal is present it must be thinner 
than 0.001 inch at the sides of the keri, for microstruc 
tural examination seldom reveals ‘‘cast’’ structure at the 
edge. The maximum kerf temperature may be found 
to govern the composition of the oxide, the higher the 
temperature the lower would be the saturation oxygen 
content and the better would be the utilization of oxygen. 
In the absence of measurements it is impossible to state 
in what way cutting variables affect kerf temperature, 
except that impurities in oxygen reduce the temperature. 
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The temperature distribution in the vicinity of oxygen 
cutting has been determined*'* at mid-thickness of steel 
'/ inch thick up to 750° C. 

2. The composition of the oxide in the kerf has not 
been determined, although the oxide from cuts made 
under special conditions has been collected and analyzed 
after it has left the kerf and has cooled in air. Globules 
of metallic iron are commonly observed in cutting slags. 
It is known that there is a pronounced rise in rate of 
oxidation of iron upon the appearance of liquid oxide (see 
AMERICAN WELDING SOCIETY JOURNAL, 19 (2), 56-s to 57-s 
(1939)). The rise in oxidation velocity is sufficient to 
ignite cylinders of low carbon steel °/; inch diameter, 2'/» 
inches long in oxygen. Miller*’® believed that the lower 
parts of the kerf were preheated to the ignition tempera- 
ture by oxide flowing from the upper parts. 


5. Jet velocities in oxygen cutting are approximately 
500 ft./sec. or more (see section on Oxygen Nozzles). 
The velocity of the oxygen stream in the orifice was the 
main factor in machine cutting in Daniel and Durant’s’” 
experience. It has been shown!'!* that there is a great 
deal of turbulence in the kerf, the stream of gas and 
oxide possibly following a helical path. Photographs of 
kerfs during oxygen cutting suggest that oxide particles 
are carried in the stream and that there are ripples on 
the kerf upon which the jet is acting. Perhaps beyond 
a critical thickness of liquid film depending on the 
jet velocity, the crests of the ripples are disintegrated 
as spray, liquid particles thus entering the jet. Whether 
these liquid particles tend to coalesce with each other or 
with the film on the side of the kerf or whether they 
exert an abrading action®’ on the kerf cannot be decided 
at present. Bermann*' believed that molten particles 
should make as little contact as possible with the sides 
of the kerf in order to secure a smooth cut, but did not 
suggest how the time of contact was to be controlled. 
It seems extremely unlikely that there is a cycle of heat- 
ing and chilling whereby cracks occur in the kerf which 
permit the gas stream to dislodge particles of solid steel. 
To fulfil the hypothetical condition that oxidation in the 
kerf occurs by direct contact of oxygen gas with solid or 
liquid steel, which was postulated by Wiss*’ in 1908, 
every molecule of oxide would enter the gas stream the 
moment it was formed and would remain in the stream 
throughout its passage through the kerf. 


Consideration of current hypotheses of oxygen cut- 
ting shows that uncertainty about the three elements 
of oxygen cutting that have been discussed have im- 
peded theoretical progress. The comprehensive outlook 
adopted by Rimarski and coworkers** in 1928 embraces 
all progress that had been made at that time and differs 
little from the outlook adopted by later investigators. 
According to Rimarski, as the preheating flame raises 
the temperature of the steel the rate of diffusion of oxygen 
into steel increases. Simultaneously iron reacts with 
oxygen to form a network of oxide below the surface. 
The grain boundaries in the zone of coarsened structure 
adjacent to the jet were believed by Mendel**' to be 
the channels of least resistance to the oxygen. It may 
be pointed out that the existence of the oxide network 
has not been established. Ignition eventually occurs, 
the oxide melts and the oxygen jet blows away the 
mechanical mixture of oxide enveloping the iron, the 
iron being melted during subsequent rapid oxidation. 
According to Amédéo,** the iron need not be melted 
during subsequent oxidation of adjacent metal. 


The principal factor in oxygen cutting was believed to 
be the velocity with which iron reacts with oxygen. 
The reaction rate was said to increase as an exponential 


function of temperature and, at constant temperature, 
to be proportional to the number of molecules of oxygen 
diffusing in unit time into the steel. The diffusion rate, 
in turn, was proportional to the number of molecules of 
oxygen impinging (adsorbed) in unit time on the surface 
and was inversely proportional to the thickness of the 
oxide layer. The rate of diffusion of oxygen through a 
liquid film of iron oxide has not been determined. 
However, diffusion was accorded a minor rdéle in contrast 
with the important effect of temperature on reaction rate. 
The amount of oxygen available for diffusion into the 
steel increased as the oxygen pressure in the nozzle was 
increased. The cooling effect of the additional oxygen, 
which is cooled to a greater degree upon expansion as the 
nozzle pressure is raised, tends to offset the increase in 
diffusion rate. 


The outlook adopted by Rimarski and coworkers was 
quite satisfactory for Malz,* who could account for most 
of his experimental results with its aid. Contrary to 
expectations, enlarging the oxygen orifice decreased, 
rather than increased, the maximum speed at which a 
cut with practically zero drag could be produced with 
the form of orifice that was employed. The critical 
oxygen pressure represented the pressure at which the 
cooling effect of the oxygen balanced the diffusion rate, 
diffusion being necessary for ignition. A larger tip 
than that representing maximum cutting speed, Fig. 11, 
consumes more oxygen per unit length although the 
critical pressure is lower. Malz concluded that the 
oxidation velocity, defined as a combination of reaction 
rate and jet velocity, had been decreased. 


The shift in maximum cutting speed with thickness 
was related by Malz to the increase in time of contact 
of oxygen with kerf as thickness was increased as well 
as to the increased thermal expansion of the oxygen 
(no details). An increase in initial oxygen concentration 
can be achieved in cutting thin material by increasing 
the pressure, whereas in thick material the cutting 
speed must be reduced. The cutting process may be 
visualized by following the path of a single oxygen 
molecule after it leaves the cutting orifice. If the mole- 
cule does not combine with iron within about 0.001 
sec. after entering the kerf, it will find itself beyond the 
lower surface of the plate. If the molecule combines 
with iron the kinetic energy of the jet is reduced, because 
the product of the reaction is solid. Combination or, 
better, solution of oxygen may occur in several ways: 
(1) absorption on solid iron followed by diffusion inwards 
and subsequent formation of oxide upon the solid solu- 
bility of the oxide being exceeded; (2) solution in liquid 
iron on the surface of the kerf, followed by formation of 
oxygen-rich melt (oxide) upon the liquid solubility of 
oxygen being exceeded; (3) solution in a liquid oxide film 
on the surface of the kerf. The oxygen content will 
be increased beyond that corresponding te equilibrium 
with iron-rich phase and oxidation of iron at the inter- 
face of the phases will proceed. (4) Similar solution 
of oxygen in droplets of spray in the kerf. Oxygen picked 
up by the spray does not represent efficient utilization 
of oxygen unless the spray coalesces with the oxide 
film deeper in the cut. A similar sequence of events can 
be arranged for the molecules of iron. Practically all 
factors except heat conduction and segregation of im- 
purities in rolled steel operate to create difficult cutting 
conditions in the lower portion of the kerf. For this 
reason, wandering and grooving of the cut usually appear 
first at the bottom. Any hypothesis of oxygen cutting 
should allow for different cutting mechanisms for dil- 
ferent portions of the kerf and different machine an‘ 
torch adjustments. 
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INSTRUCTIONS 


Fair proficiency in manual-oxygen cutting can be 
vained in a few hours under competent instruction. 
Experience in machine adjustment rather than skill is 
the chief requirement of an oxygen-cutting machine 
operator. Elementary instructions in oxygen cutting 
have been issued by the AMERICAN WELDING 5So- 
crety*®.**° and are to be found in a number of textbooks 
on welding,**!**” notably Schimpke and Horn.***  In- 
structional motion pictures”? of oxygen cutting also 
are available. Every cutting torch and cutting-ma- 
chine manufacturer'**.*' supplies detailed instructions 
for the use and care of its equipment. Therefore, only 
the high lights of the more or less specialized kinds of 
oxygen cutting will be mentioned in the following para- 
graphs. 


Heavy Cutting 


Heavy cutting signifies the oxygen cutting of steel 
over about 6 inches thick, the thickness at which cutting 
becomes ‘“‘heavy’’ being subject to individual considera- 
tions. Thorough instructions, including the inclination 
of the torch near the end of the cut, are supplied by 
Crowe and Deming! (see Welding Handbook, 1938 
edition, pp. 307-309), who consider undercutting un- 
necessary except under extraordinary circumstances. 
Thus the time-honored principle of undercutting, ex- 
pressed in 1918 by Perdue,*** who accomplished thick cut- 
ting by successive undercuts, has been abandoned. Helm- 
kamp'*' recommended undercutting the start and finish 
of heavy cuts, whereas Biernacki*** preferred inclining 
the torch in either direction at the start of cuts in steel 
24 inches thick. Biernacki also found that an exces- 
sively large preheating flame was a disadvantage in heavy 
cutting because too much slag was formed. The main 
precaution in Curtiss’*!® instruction for cutting steel 22 
inches thick was the provision of large hoses and regula- 
tors to assure adequate oxygen supply at comparatively 
low pressure. Low-oxygen pressure is preferable to 
high pressure in heavy cutting as Wikoff** pointed out. 
Schimpke and Horn” recommended a four-hose torch for 
heavy cutting, Fig. 44. The fourth hose carried preheat 
gas to the middle of the thickness to maintain proper cut- 
ting temperature. 

Ussher® started heavy cuts by playing two-thirds of 
the preheating flame on the top edge, the remainder 
going down the face. When the starting point was suf- 
ficiently hot, the torch was moved back a trifle before 
the oxygen valve was opened, because a cut could not be 
started from the initial preheating position. Shibata’ 
inclined the torch toward the plate in preheating the 
upper edge of steel over '/2 inch thick. Ussher heated 
the regulator to prevent freezing in cutting steel over 3 
inches thick. The cessation of cutting in either a for- 
ward or downward direction that will ensue if the for- 
ward movement of the torch is almost stopped, is im- 
portant in heavy cutting and is emphasized by Crowe 
and Deming.! 


Piercing Holes 


Holes as small as */, inch diameter can be pierced in 
plate 1 inch thick with the aid of an oxygen-cutting 
torch.** In plate 6 inches thick the hole cannot be 
made much less than '/, to */; inch diameter. A higher 
oxygen pressure and softer preheating flame than usual 
is employed in piercing.*° The spot to be pierced!" is 
heated red-hot, after which the torch is inclined 20 to 
00" to the vertical. As the cutting oxygen valve is 
opened slowly, the oxygen pierces the plate, during 


Fig. 44—Concentric Tip with Supgemonteny Preheating det for Cutting 
Thick Steel (16 to 40 Inches Thick). Horn’ 


0-0 = Mid-thickness of plate 

A = Supplementary preheating passace 
B = Main preheating passage 
C = Cutting oxygen passage 


which ‘‘the torch is moved gradually in the direction in 
which it leans, the oxygen valve being fully opened mean 
while.” Plates '/, to 3 inches thick can be pierced by 
Ross's method. If the torch is not inclined the preheat- 
ing orifices will be clogged by flying oxide, which will 
cause back-firing unless the preheating flame is ex- 
tinguished before the cutting valve is touched. Brief 
instructions for hole piercing have been given by the 
AMERICAN WELDING Society.*” 


Cutting Structural Shapes 


Channels and angles are cut with the back uppermost 
by Ussher,®® the torch being adjusted to cut flange thick 
ness. The torch is adjusted to cut three times flange 
thickness in cutting an I-beam, the web of which is cut 
after the flanges. Moss**® suggests drilling a small hole 
through the web of beams, girders and columns on the 
desired line of cut and as close as possible to the inner 
face of the flanges. The hole serves to exhaust the 
cutting gas and slag uniformly while the cutting torch 
is passing through the center line of the flanges Torch 
adjustments and speeds for cutting German structural 
shapes are given by Schimpke and Horn.* In demolish 
ing buildings, Boiler Maker**® points out that the cut 
should be so executed that the lower flange of horizontal 
girders is cut longer than the upper. In this way the 
beam will fall clear. 

Pipe Cutting 


A manufacturer's manual**’ on pipe welding and cut- 


1940 OXYGEN CUTTING OF STEEL 201-s 


x 
| { | } | 
| | 14 | ae 
Min 
} } 
| } } | 
\\ \ / j 
\ \ \ yA } 
VA\ aan = 
] + 
\ 
\ 
a 
1 4 
1 
a 
n 
d 
n 
a 
1 
iS 
T 


ting contains detailed instructions. The cutting tip is 
radial at all times; that is, perpendicular to the surface 
of the pipe. The manual contains tables of speeds and 
torch adjustments for cutting standard weight and extra- 
heavy pipe, with multipliers for connections and turns. 


Riser Cutting 


The removal of risers from steel castings in the foundry 
is common practice despite the relatively large proportion 
of time required for preheating. Among a large number 
of writers on riser cutting, Thomas*** and Carter?" are 
outstanding. Carter described the serious effects of 
sand in delaying the start of a cut and pointed out the 
benefits of cutting hot castings with warm oxygen. By 
increasing the oxygen pressure it is possible to cut across 
blow-holes over 1 inch diameter. Annealing the cut 
casting or cutting in short sections reduces cutting 
stresses and distortion, respectively. Chapman and 
Service®” in 1925allowed */, inch for machining oxygen-cut 
risers to remove any cracks. Economical riser cutting is 
largely a question of efficient management, the principles 
of which are discussed by Everett**® and applied by 
Murray and Horwood.”*! 


Cutting Staybolts and Rivets 


The removal of staybolts in the repair of fire-tube 
boilers must not injure the threaded hole. The simplest 
method** is to burn out the center of the bolt by means 
of an oxygen-cutting torch. Owing to subsequent con- 
traction the bolt becomes easy to remove. In an older 
method*** a hole slightly deeper than the thickness of 
the wrapper sheet is burned in the head. At once the 
torch is tilted and given a rotary motion to sever the 
shank. ‘The shell of the old bolt is removed with hammer 
and chisel.*** The oxygen pressure should not exceed?*® 
35 Ib./in.? Staybolts 1 inch in diameter can be removed 
at the rate of 60 to 75 per hour from both sheets, using 
1.25 and 1.5 cu. ft. oxygen and 0.2 cu. ft. acetylene per 
staybolt, according to Owens." Many years ago a 
boilermaker’s association®** decided that the cutting 
torch was preferable to nippers for removing staybolts. 
Special torches for removing boiler tubes are available.*?9 

Rivets °/; to 7/3 inch diameter may be removed at the 
rate of 300 to 350 per hour (125-150 cu. ft. oxygen per 
hour, 15-20 cu. ft. acetylene per hour) by means of the 
oxygen-cutting torch, Owens'® found. In formal tests 
of a number of oxyacetylene cutting torches in 1921, 
Eichner**’ showed that °/s-inch rivets can be cut at the 
rate of 294-326 per hour. An Ordnance bulletin*** 
reports that less time is required to remove rivets with 
the customary cutting nozzle than with special curved 
rivet-cutting tips. A slot is cut across the rivet head. 
When the slot has reached the plate, the nozzle is drawn 
back at least 1'/2 inches from the plate (to prevent 
oxygen striking through the layer of scale between head 
and plate) and is swung in small arcs to slice off the two 
halves of the rivet head. The head drops off flush, and 
no damage is done to the plate. The special torch and 
the Ordnance procedure cannot be applied readily to 
countersunk rivets, for the removal of which de Jessey*” 
uses a cutting torch to drill a hole through the axis of 
the rivet. 


Miscellaneous 


To start a cut on a large cylindrical surface either a 
burr®® may be raised at the starting point by means of 
a chisel, or a piece of iron welding wire may be placed 
on the surface.** The melting and ignition of the burr or 
wire starts the cutting process. Cutting speed must be 
increased in cutting projections of '/,-inch radius in 
plate 2 inches thick, according to Sternke,**® in order 


to avoid melting the point. As Ketchbaw'? points out, 
templets for machine cutting must allow about '/s inch 
for kerf width and for expansion if hot steel is being cut. 
The manufacture of nozzles for oxygen-cutting torches 
is described by Machinery.*** Oxygen regulators for 
cutting are described by Deming**® and Fassbinder.**! 


and others.**?, According to Ross,'!' rounding of the edge 
of the cutting orifice should be corrected by upsetting 
the copper around the orifice with a light hammer, 
following which the hole is reamed. A simple test for 
determining whether the torch passages are clear is de- 
scribed by Industrial Gases.‘*7 Leaks may be detected 
under water.*** To prevent leaks at the packing be- 
tween handle and torch, Biiltmann*** soldered a ring 
around the joint. 

Liquid oxygen is a source of supply for oxygen cutting, 
according to Kuryla and Clevenger, Chopin and Her- 
pin.**° Manifolding and replacement of empty cylinders 
are avoided. The liquid may be poured into an air re- 
ceiver or evaporated through a throttle valve (no details). 
Oudet**® describes a system utilizing liquid oxygen for 
cutting and other purposes in railway shops. Many 
patents have been granted for apparatus for gasifying 
liquid oxygen (U.S. 1,901,447—-1933) and for a container 
mounted on a motor truck for dispensing liquid oxygen 
(U. S. 2,044,673—1936). 


DISTORTION 


There are several general rules for controlling and re- 
ducing the distortion that accompanies oxygen cutting. 

1. As much of the required welding as possible should 
be completed before oxygen cutting of holes, for ex- 
ample, is begun (Sternke**’). 

2. Clamp the part to be cut (Obert and Hasse*’’), 
or otherwise control its movement (Riviére,® Pederick,’ 
Fig. 45). 

3. On large parts use two or more torches simul 
taneously (Hancock**’). 

4. Perform the cuts in rapid succession about the 
neutral axis of the part (Hasse*!’). 

5. Cut in small steps (Carter*" found this procedure 
useful in avoiding distortion during the cutting of large 
risers). 

6. Skip about; leave a number of small sections 
uncut, particularly at the edges, cutting them after the 
part has cooled completely (Hasse*!’, Bondy**’). 

Two examples illustrate some of these principles. 
To cut strips 12 inches wide, 20 ft. long, from a slab 5 
inches thick, Cooper*™ pierced holes with the torch 5 
inches from the edges of the slab. Starting at two of the 
holes, Cooper made a double cut to corresponding holes 
at the other end of the slab. After the slab had cooled 
completely the uncut sections were severed with the 
torch. There was no distortion. Travtman®' was 
confronted with the problem of fabricating a bridge 
expansion joint 15'/2 inches wide, 44 ft. long, 11/2 inches 
thick. A zigzag cut 156 ft. long was required with a ker! 
width of '/, inch for joint clearance. The cut was 
started from a hole °/;, inch in diameter, 1'/, inches from 
the leading end of the slab. As the cut progressed, 
pins '/, inch in diameter were inserted in the kerf at in 
tervals of 4 inches to maintain correct kerf width. 
Water-soaked rags were applied to the mild steel directly 
behind the torch also to reduce warping. The cut was 
made at 25 ft./hr., the tip distance was */i5 inch, which 
was dictated by the special tip that was required to pro- 
duce the wide kerf, cutting oxygen pressure and con 
sumption were 35 Ib./in.? and 2900 cu. ft., respective!) 
and acetylene pressure and consumption were 5 Ib. 1n- 
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Fig. 45—Use of Wedges to Prevent Distortion in Shape Cutting 


(a) Walking Effect in Cutting a Lerge She 


(b) and (c) Wedges to Prevent Walking. 


e from a Rectangular Plate. (Pederick®® 
he cuts are started at such 4 point thet the 


scrap becomes locked and is unable to move. As the cut proceeds, small wedaes 
(3 X 1 inch, and '/i¢ to '/s inch thick) are dropped into the kerf to prevent walking 
Pederick®* 


(d) Cotins @ Small Circle from a Large Plate. 


Riviere® 


he cut is commenced correctly; B does not move 
ll. The cut is commenced incorrectly; part C containing the circle is distorted 
lll. The cut is commenced correctly, but toward the end of the cut the scrap locks 


on the disk, which is deformed 


IV. A wedge is inserted in the kerf not far from the start when the torch hes reached 
4 point opposite to the wedge. Distortion is avoided 


and 407 cu. ft., respectively. The cut was stopped 
l'/, inches from the end. After the slab had cooled, 
one uncut end was cut by hand torch, the other by ma- 
chine torch. The warpage was 4 inches and was cor- 
rected in a bulldozer. According to Henrion,*!* who 
pointed out that distortion was a function of cutting 
speed, size of preheating flame, and internal stresses in 
the plate, distortion is augmented by cutting too slowly. 


BEVEL CUTTING 


_ Bevel cutting is especially important in the prepara- 
tion of welding scarves. Elementary instructions have 
220 


been prepared by the AMERICAN WELDING Society.” 
The International Acetylene Association’ stated that 


60° to the vertical is the maximum angle at which a 
bevel can be cut satisfactorily. Plates up to 8 inches 
thick have been beveled with the oxyacetylene cutting 
torch, according to Riviére.*** The lower face of the 
cut, which is the face whose use is preferred, usually is 
smoother than the upper. The acute angle at the top 
of the upper face often is fused by inexperienced opera- 
tors. The gouges in the upper face sometimes observed 
near the bottom are accounted for by the greater ab- 
sorption of heat by the steel from the flowing oxide on 
the lower face than on the upper face. Gouges are pre- 
vented by intensifying the preheat flame. For double 
bevel cutting** (X-scarves) one torch is slightly in ad- 
vance of the other. 

In agreement with Hancock,*** Riviére™? found that it 
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is necessary to intensify the preheat flame as the angle 
is increased, because the effective thickness to be cut 
increases and the flames impinge at an angle, the flames 
being farther from the upper face of the kerf than from 
the lower. Unlike Schmelzer,”* who found by experience 
that bevel cutting involved no reduction in cutting speed, 
Riviere*”’ reduced the speed about in proportion to the 
effective thickness to be cut. L. de Jessey points out 
(private communication, July 1939) that bevel cuts can 
be made at the same speed as perpendicular cuts if the 
oxygen pressure is raised; it is more economical, however, 
to reduce the cutting speed than to raise the pressure. 
To reduce the drag to zero in cutting a 30° bevel in plate 
0.39 inch thick, the cutting oxygen pressure must be 
increased 100°, the acetylene consumption being in- 
creased 50%, to offset the cooling effect. However, zero 
drag could also be secured by reducing the cutting 
speed 25°, without changing the torch adjustment. 
Consequently, Riviére preferred changing the speed to 
reduce the drag in bevel cutting rather than adjusting 
the torch. 


INCLINATION OF TORCH 


In addition to inclining the torch out of the vertical 
line of cut in bevel cutting, the torch also may be in- 
clined forward or backward in the vertical line of cut. 
Many authorities have nothing to say about inclining 
the torch. Obviously it is not approved practice. 
Crowe and Deming! (see section on Heavy Cutting) 
incline the torch forward 15° only to cut the final corner 
during heavy cutting. Horn** never inclined the torch 
from the vertical for the reason that a greater effective 
thickness had to be cut if the torch is inclined. Horn 
did not consider the more efficient utilization of oxygen 
in some thicknesses than in others, nor did he discuss 
the relative length of the drag line with different torch 
inclinations. 

Many writers have advised inclining the torch but none 
has presented conclusive evidence in favor of inclination. 
A number of early writers’’.**' on oxygen cutting inclined 
the torch forward in manual cutting, once the cut had 
been started. and a welding publication’ 
directed the oxygen jet forward so as to form an angle 
of 25 to 35° with the vertical in order to preheat more 
rapidly the thin edge of undercut steel. At the end of 
the cut the torch was held upright to cut the final upper 
corner. Drag was said to be reduced in this way and a 
cutting speed of 120 ft./hr. was attained in mild steel 
inch thick. Recently, LeTourneau® inclined the 
torch forward 20° to the vertical so as to undermine 
scale on the surface of the cut. In cutting thin ma- 
terial Shibata® inclined the torch backward (oxygen jet 
in opposite direction to motion of cut) 20° to the vertical, 
whereas in cutting thick material the torch was inclined 
forward 20° to the vertical. All intermediate thicknesses 
(no details) were cut with torch vertical. For long 
manual cuts R6thlin® and Henrion* found it advan- 
tageous to incline the torch forward as much as 20°, 
apparently to improve cutting posture, Fig. 46.  Tilt- 
ing the torch forward up to 45° was recommended by 
de Jessey*'’® for demolition and for cutting thin sheets. 
In the section on Cut Quality it was mentioned that the 
backward inclination of the torch tended”? to suppress 
sparks, whereas forward inclination favored sparks, the 
smoothness of the cut being equivalent under both cir- 
cumstances. 


OVERHEAD CUTTING 


Overhead cutting, in which the oxygen jet is directed 
vertically upwards, is possible in steel up to 6 inches 
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thick, according to Schimpke and Horn? (in an earlier 
edition” of their textbook the limiting thickness was 
2 inches). Above a thickness of 1.2 inches the cuts 
become rough. To cut thick plates Lachemeyer™ 
in 1911 used a double torch, one tip acting on the upper 
side of the plate, the other on the lower side. A parallel 
motion mechanism connected the two tips. The device 
seems to have been a failure. The dripping of slag on 
to the cutting tip and the decrease in kinetic energy of 
jet upon picking up falling slag particles seem to be 
the sources®*® of difficulty in overhead cutting, and dic- 
tate an increase in cutting oxygen pressure. As the jet 
is inclined downwards these difficulties disappear. 


STACK CUTTING 


Stack cutting is the simultaneous cutting of two or 
more thicknesses of steel with a single cutting jet. 
Directions for machine stack cutting are given by Crowe 
and Deming! (see Welding Handbook, 1938 edition, pp. 
317-318). In 1922 Maeurer™ cut a stack of twelve 
'/s-inch plates, 8 ft. long and bolted every 3 ft. at a speed 
of 60 ft./hr. To secure the best appearance in shape cut- 
ting a stack of 4 boiler plates each '/2 inch thick Oxy- 
Acetylene Tips®® used a speed of 30 ft./hr. A Polish 
writer’ machine cut 15 sheets, each 0.08 inch thick, 
clamped between waster plates 0.20 inch thick. The 
cut was as smooth as if a single plate had been cut. 
In a cut 7 ft. long the rates of gas consumption were 
4.6 cu. ft. oxygen per ft. and 0.77 cu. ft. acetylene per it., 
which are not excessive (cutting speed not stated). 
Roberts*® successfully cut a stack of 24 sheets, 16 gage 
(0.0625 inch), but he did not use a waster plate and had 
trouble with melting of the top sheet. The sheets must 
be clean, and the stack is hammered along the line of 
the cut to remove air. However, Holler and Schneider*' 
considered it uneconomical to eut material thinner than 
0.20 inch in stacks, because rejections were too large. 
Distortion created inaccurate cuts and was bound to 
occur despite the tightest clamping. 

The most economical stack thickness is 3 inches, for 
example, twelve '/,-inch plates, in Orr’s*®’ opinion, be- 
cause a medium tip size can be employed at nearly maxi- 
mum speed. Sheets are leveled before being stacked. 
Roberts*®* states that precision determines stack thick- 
ness. With an edge tolerance of '/s inch the overall 
thickness cannot be over 2 inches. With a tolerance 
of '/\s inch the thickness may be up to 4 inches. Tight 
clamping being difficult beyond 4 inches, accuracy de- 
creases rapidly. Bolts and clamps (C, V, toggle, wedge, 
compressed air, hydraulic, and magnetic types) are use- 
ful for clamping. Sheets may be held together by 
depositing a bead of weld metal across the exposed 
edges. For example, a stack of */,s-inch plates, 4 inches 
thick, was held together by weld beads and cut into 
circles 13°/, inches diameter at a speed of 30 ft./hr. 
The oxygen consumption*"” was 0.24 cu. ft./in.?, which is 
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Fig. 46—Inclination of the Cutting Torch in Oxygen Cutting. Réthlin 
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within the limits for oxygen cutting a single plate 4 
inches thick. Clamping is essential to remove air spaces 
between the plates. Although, as Bainbridge*”® points 
out, cuts can be made in spite of air spaces, the spaces 
provide starting points for grooves. The procedure 
adopted by O. T. Barnett (private communication 
June 1939) in stack cutting square plates into circular 
heads consists in pressing the sheets tightly in a press, 
applying C-clamps at the corners and tacking the edges 
of the stack. 

As in solid plate, furrows in the lower parts of stack 
cuts can be prevented by intensifying the preheating 
flame, according to Hancock.** Russian investigators”! 
use less preheat in stack cutting mild steel 0.08 inch thick 
than in cutting solid plate and used higher cutting speeds. 
The oxygen pressure was 10 to 15% higher in stack 
cutting and the torch was inclined 5° for straight cuts. 
It was unnecessary to clean the sheets, although the 
top surface should be smooth. 

After the stack is cut,** plates 10 gage (0.14 inch) or 
over are separated by means of a hammer. Since 
sheets tend to stick, a jet of water should follow the 
torch, or the stack may be quenched immediately 
after cutting. Stacks of hardenable steel sheets are 
separated by grinding the cut edge, instead of by quench- 
ing.*! 


APPLICATIONS 


To catalog the innumerable applications of oxygen 
cutting is beyond the scope of the review. There are 
three main applications: fabrication, demolition and 
repair. 

A large number of different parts fabricated by oxygen 
cutting are described briefly by Sternke*** and Wiss.** 
General shipyard applications are summarized by 
Dorn.** The hinges of a forged steel rudder 12 inches 
thick were cut with a machine torch by Judelsohn,** 
who started slowly, gradually attaining a speed of 20 
ft./hr. with 90 lb./in.* oxygen pressure. Three-throw 
crankshafts*** 7 ft. long, 8 inches diameter made of steel 
containing 0.22 C, were being oxygen cut in 1922. A 
flywheel 68 inches diameter, 9'/, inches thick (0.14 C, 
0.80 Mn), was cut by Wilkinson®® with a portable ma- 
chine at 20-25 ft./hr. A fertile field for oxygen cutting 
has been the railroads,” parts such as main rods,” 
reverse arms*® and frames”. *” being cut with the torch 
in ordinary practice. A railway magazine?” describes 
a simple device to hold a hand torch in cutting cast- 
steel wheel rims at one or more places to prevent the 
development of internal stresses. The nesting principle 
was utilized. by Stahl**? in cutting sprocket rims of dif- 
ferent diameters for oil-field equipment from a single 
plate. An elementary discussion of the use of portable 
oxygen-cutting machines for cutting circles and other 
shapes is given in a French magazine.”! Honegger?”? 
describes a simple construction for cutting circular 
plates 4 to 10 ft. diameter utilizing jack screws to 
maintain the plate in position. Helical spring couplings 
have been oxygen cut on a lathe.””* The precision of 
oxygen cutting is taxed to the utmost in the fabrication 
of There is a patented process” for oxygen 
cutting conveyor chains from angle iron, and a process*! 
for fabricating round-link chain by forming a_ helix, 
oxygen cutting it longitudinally, and welding the links. 
Piercing a steel billet 25 inches long with a hole 8 inches 
diameter was accomplished” by boring a hole 1 inch 
diameter through the center, followed by oxygen cutting 
the remainder of the hole in 10 minutes using a cutting 
orifice /g4 inch diameter, 120 Ib./in.* oxygen pressure. 

Archer”? cut slots in oil well casing by starting from 


1940 


a drill hole of the same diameter as the slot. The torch 
is adjusted to produce undercut, the angle of divergence 
between the walls of the slot being adjustable between 0) 
and 30 The thinnest slot that can be made is 0.030 
inch wide. Three or more preheating jets lead the cut- 
ting jets. Two cutting orifices each 0.018 inch di- 
ameter are used to cut slots up to 0.120 inch wide. For 
greater widths approximately one cutting orifice is added 
for each increase of 0.060 inch in slot width. The usual 
tip distance is 0.10 inch and the angle of undercut is 
controlled by varying the angle between the jets. The 
machine-oxygen cutting of curved plates up to 4'/, 
inches thick for penstocks at a speed of 50 ft./hr. is 
described by Walker." Cutting in three dimensions 
with an accuracy of '/» inch also is described by 
Brower,”* who cut mild steel cylindrical cams 32 inches 
QO. D., 1'/s inches thick at a speed of 70 ft./hr. Artistic 
or ornamental creations**™.*" of the cutting torch 
range from iron rose bushes,” through door grilles,” 
to historic markers.**! 

Aside from explosives there is no tool of more general 
utility in demolition than the oxygen-cutting torch. 
Chimneys,*** towers,** tanks,** bridges*™ (1908) and 
ships*” have been demolished with the torch. A German 
order™’ requiring the removal of combustibles from 
ships before torch demolition is useful to bear in mind. 
Locomotive and car scrapping has been dealt with by 
Ludington and others* particularly from the stand 
point of efficient organization and costs. The torch is 
useful in wrecking buildings™’ and may be used as a 
jack™ in relieving load from columns. Daley*”® states, 
by the way, that oxygen cutting was performed without 
difficulty in the Holland Tunnel under an air pressure of 
30 to 40 Ib./in.*? A steel company” has fitted out a 
special car for cutting scrap with the oxygen torch. Ex- 
amples of repairs are the slicing of a 13-story building,*”” 
the cutting of a section of buckled rail from a railroad 
track in an emergency**® and the cutting away of the 
worn** rim of a rock-grinding roll. 


COST 


Costs in oxygen cutting may be considered from a num 
ber of viewpoints. Raabe*® and Assmann*® estimated 
costs as a function of plate thickness. Daniel and 
Durant"? compared the cost using different fuel gases 
(see section on Preheating Fuels). Labor and oxygen 
consumption were the bases of Malz’s*’ graphs for 
estimating costs. In 1928 Anderson®® found that the 
average ratio of oxygen to labor costs was 3.49 to 1 not 
considering overhead. Needless to say, the ratio has 
since fluctuated considerably. 

Conditions for most economical cutting have been ex 
plained by Crowe and Deming,'**** whose analysis of 
costs in oxygen cutting is the best available (see Weld- 
ing Handbook 1938 Edition, pp. 295-298). Their con 
ditions for most economical oxygen cutting are (1925 
(1) drag no shorter than is absolutely necessary, (2) as 
small a tip as possible, even at the sacrifice of cutting 
speed, (3) the oxygen pressure must be so high 


sistent with the assigned drag, that either (a) additional 
pressure and speed yield no greater economy or 
additional pressure grooves the cut excessively. The 


relationships will depend on the relative costs of the 
gases. Rogers*® stated that the cutting speed n 
high as possible for the most economical cutting 
Comparisons of cost between oxygen cutting and some 
other cutting or forming process have been made by 
Voigtlander™ for forging wrought-iron rings, by Schmel- 
zer®® for shearing and machining boiler plate, by a 
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railway journal®’ for machining railroad parts and by 
Kammerer and Gleich™* for shearing and sawing I- 


beams. 
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SUGGESTED RESEARCH PROBLEMS 


1. Schlieren photographs should be taken in the direc- 
tion of the kerf to show the effect of kerf width and tip dis- 
tance on the extent to which air or products of com- 
bustion of the preheating flame are sucked into the kerf. 
Perhaps gaseous diffusion formulas may be applied to 
calculate the extent to which the preheating flame may 
be expected to diffuse into the oxygen stream. 

2. When a jet of very hot, non-oxidizing gas impinges 
on steel coated with liquid oxide, does the extent to which 
liquid oxide is blown from the surface of the steel depend 
on the oxygen content of the oxide? When an oxygen 
jet impinges on steel, is the steel separated from the 
jet by a layer of fluid oxide? The two questions might 
be investigated by substituting cold, inert gas for oxygen 
during oxygen cutting to preserve possible ripples on 
the forward surface of the cut. The spacing of drag 
lines should be measured as a function of pressure, drag, 
preheat intensity and oxygen purity. 

3. As we watch a torch operator executing an oxygen 
cut on structural steel, we will observe a stream of sparks 
issuing from the bottom of the cut. The stream of sparks 
issues from the bottom of the cut with a forward velocity 
component. It is believed that the forward component, 
which is observed even with standard drag cuts, is a 
result of molten oxide clinging to the bottom surface of 
the plate and at the same time being blown downward 
by the partially exhausted stream of oxygen. Is it 
possible that we may calculate surface tension, viscosity 
or other characteristics of the cutting slag from the shape 
of the spark stream? 

An experiment with a model suggests itself. Prepare 
a glass or metal plate | inch thick with a slot representing 
the oxygen cut. Adjust an air jet above the slot in such 
a position that the air flows along the slot and completely 
fills the width of the slot. Introduce a liquid of known 
viscosity and surface tension into the slot. Observe 
the spray issuing from the bottom of the slot. Repeat 
the experiment with liquids of different characteristics 
(glycerine, alcohol) and note any changes in the type 
of spray. Direct the jet of air upward from the bottom 
of the slot and note the trajectories of the particles of 
' the spray (see AMERICAN WELDING SOCIETY JOURNAL, 
15, 14-20 (1936) for similar experiments on overhead 
arc welding). Compare the types of spray observed in 


the model experiments with the spray observed in oxygen 
cutting. Possibly by analogy the physical characteris 
tics of the liquid in the oxygen-cutting spray may b¢ 
deduced. 

4. Distortion accompanies the oxygen-cutting proc. 
esses. Suppose we make a cut 20 7° long into plates of 
different thicknesses 7 bearing gage marks for extensome- 
ter measurements. The plates are 40 7° square and 
the cut is started from the center of one edge and is made 
to the center of the plate. Suppose we vary 7 from 
‘/s inch to 2 inches and use the manufacturer’s recom- 
mendations for gas consumptions and pressures and for 
cutting speeds. We can compute accurately the heat 
provided by the preheat flame and less accurately the 
heat provided by the combustion of iron in the kerf, the 
overall accuracy being adequate for the purpose. After 
the cut is completed, the distortion in three dimensions 
caused by cutting is measured. In these experiments 
the cut is made in geometrically similar plates, but the 
heat in the operation will not vary directly with 7. 
Nevertheless, the results should permit us to draw con- 
clusions about (1) the relative effect of the preheating 
flame on distortion, (2) the effect of total heat in the 
operation on distortion, and (3) the effect of plate thick- 
ness. If the preliminary experiments are promising, 
the following factors might be studied: 


(a) preheating the entire plate before and during cut 
ting, 

(6) annealing the plate before cutting, but cutting 
while the plate is at room temperature, 

(c) yield strength of steel, 

(d) drag (increase in cutting speed may reduce dis- 
tortion), 

(e) clamping the edges of the plates to a rigid founda 
tion. 


5. The composition of the slag issuing from the 
kerf (not after the slag has fallen through air) should 
be determined for heavy cutting, gouging and arc 
cutting. 

6. Cut quality, slag composition, drag, speed and 
oxygen consumption should be studied for steel pre- 
heated to temperatures up to about 1100° C. 

7. What changes occur in the relationship among 
cutting variables (width of kerf, tip size, speed, oxygen 
consumption, appearance) as the temperature of the 
cutting oxygen is increased from 0 to 1000° C.? The 
consumption of preheating fuel should be varied and 
correction should be made for expansion of the nozzle. 

8. What are the temperature and composition of the 
gas issuing from the bottom of the kerf? At least four 
factors are involved: (a) the expansion of the oxygen 
cools the gas, (6) the gas is heated by oxidation of iron, 
(c) the gas is heated by hot particles and by contact with 
the kerf, (d) there may be some admixture of preheating 
flame and air. As a beginning, the gaseous and solid 
materials issuing from a hole as it is punctured by a 
cutting torch might be collected and analyzed. 

9. In quoting cutting-oxygen pressures, many in- 
vestigators mean the reading of the gage at the tank 
regulator. Since hose loss may increase with increase in 
thickness to be cut, it is desirable to determine conditions 
for cutting, possibly at standard drag, in which the oxy- 
gen pressure is measured at the tip. 

10. An increase in pressure reduces drag at a given 
cutting speed, but increases the oxygen consumption 
Additional information, such as that shown in Fig. 10, 
would be useful showing the effect of different tip sizes 
on drag in cutting different thicknesses of steel at di’- 
ferent pressures. 
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Filler Rod 


Pure zinc filler rod is used or else rod of the same 
composition as base metal. Rods 0.06—0.12 in. diameter 
have been used. 


Welding Procedure 


The tip of the cone of the flame should be 0.06—0.08 
in. from the puddle. The torch should be held at an 
angle to the sheet of 15° (0.038-in. sheet), 30°, 30 to 
45° (sheet thinner than 0.039 in.) or 45°. The torch 
may be given an oscillating motion. Left-hand welding 
is preferred (torch pointed toward unwelded part of 
joint). 


Microstructure 

Clean welds free from porosity (X-ray) are prepared 
by experienced welders. The weld metal consists of 
large, columnar crystals. 
Hlammering and Heat Treatment 

Hammering the weld (not too heavily) at 100 to 


150° C., refines the grain size and improves the strength 
and ductility. 


Mechanical Properties 


Welds have at least 90% of the tensile strength of 
unwelded metal and the same ductility. 


Tensile Strength of Oxyacetylene Welds in Hard Rolled Zinc 


Tensile Strength, Lb. /In.? 
Unwelded, hard rolled 26,500 
Unwelded, fully annealed 12,800 
Flat-position flange weld 13,200-—14,200 
Flat-position flange weld, 


hammered at 100° C. 18,200 
Vertical-position flange weld 14,200 
Lap weld 12,700 


Butt welds in an alloy containing 4 Al, 0.5 Cu, 0.03 
Mg had a tensile strength of 35,000—38,000 Ib./in.? 
(fracture outside weld). Cold hammering raised the 
strength to 53,000—57,000 Ib./in.? 


Corrosion Resistance 


Good welds in zinc have the same corrosion resistance 
as unwelded metal in 3% NaCl-0.1°% HeO:2 solution and 
in moist air containing 0.1% SOs. 


Air-Acetylene Welding 


The air-acetylene flame has been used successfully for 
zinc up to 0.079 in. thick. Portability is the advantage 
of the air-acetylene torch. About the same strength is 
attainable as with oxyacetylene welding. 


Other Processes 


The oxy-hydrogen flame is suitable for thin material. 
Butt welds can be bent 90° and have the same strength 
as unwelded sheet. NH,Cl is said to be a good flux. 
City gas also is satisfactory, a flange weld developing 
14,700 Ib./in.* tensile strength. 


Atomic Hydrogen Welding 


It is satisfactory for pure zinc; there is no decrease 
in ductility or loss of zine. 


Arc Welding 
Holes are very easily formed. 
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Hammer Welding 


Zine and zinc alloys free from aluminum can be ham 
mer welded at 350° C. with a ball peen hammer. The 
clean scarves should overlap 0.39 in. Overheating is 
fatal. 


Metal Spray Process 


The spray gun can be used to weld zinc. 


Spot Welding 


Spot welding has yielded satisfactory results, accord- 
ing to a number of investigators. Zinc containing 4°; 
Al is best spot welded. Zinc spot welds readily to 
aluminum, but poor, brittle welds are secured with 
ferrous and copper alloys, Ni, Pb, Cd and galvanized 
iron. 


Seam and Butt Welding 


Zine is readily seam welded, although coarse grain 
structure may be observed. Zinc can be resistance 
butt welded to itself and to tin. Percussion welds also 
have been made. 


DIE CASTINGS 


Broken zinc-base die castings as thin as '/s in. have 
been oxyacetylene welded successfully by a number of 
experts, provided the castings have not been oxidized. 
Welding is difficult and is confined to repair work. The 
edges to be welded may be filed or may be scraped to a 
V with a steel spatula after being heated to the sweating 
point. The filler rod may be pure zinc or, better, a die- 
casting alloy of the same type as that to be welded. 
Flux is used by some authorities (50% ZnCh, 50° 
hydrated NH,Cl), but most welders use none because 
alumina cannot be fluxed at welding temperatures, 
350-420° C. The majority prefer a reducing flame, but 
no soot should be deposited. The flame should be 
directed on the filler rod to prevent overheating the 
casting. It appears, therefore, better to direct the 
flame nearly parallel to the surface, rather than nearly 
vertical. Plaster of Paris is used sometimes to support 
the casting during welding, while a graphite mold may 
be used to prevent liquid weld metal flowing away while 
the weld is being stirred. 


SOLDERING ZINC 


Tin-lead solders are suitable for zinc. The solder 
should contain no antimony. Copper is said to increase 
the diffusion of the solder. Tin itself is a good solder. 
The familiar ZnCl, solution (killed spirits) is the flux. 


SOLDERING DIE CASTINGS 


Die castings nearly always contain over 2% Al, which 
creates difficulties with oxide films in soldering. li 
aluminum friction solder is used, no flux is required 
The solder (not too high in zinc) is worked into the joint 
with the soldering copper, or is wire brushed into the 
surface. The work is slow and the joint has poor ap- 
pearance and corrosion resistance. Tinman’s solder, 
which requires flux, is said to be more popular than 
friction solder. Phosphoric acid provides a grip for 
50 Pb-50 Sn solder on chromium plating, and the repair 
may be reinforced with splints of bronze rod by mears 
of an oxyacetylene flame (slight excess of acetylene). 
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WELDING TIN AND ITS ALLOYS 


Block tin or pewter (5—-15%% Pb) is readily oxyacetylene 
welded with a small flame. Pure tin rod is used for 
block tin pipe, and an alloy of the same composition for 
tin alloys. If necessary, stearin may be used as flux. 
The oxy-city gas torch is satisfactory for tin, as well as 
the carbon semi-are process in which the electrode is 
brought into intermittent contact with the tin. 

Tin has been resistance butt welded to lead and zinc, 
and has been spot welded to itself and to copper alloys, 
lead, cadmium and galvanized iron. It could not be 
spot welded to iron, aluminum and nichrome. 


Welding Zinc 


INTRODUCTION 


INC and its alloys are characterized by low melt- 
ing point and high vapor pressure, Table 1. 
Overheating and the vaporization of zinc, there- 
fore, are the chief welding difficulties. Since wrought 
zine is used to a less extent than zinc-base die castings 


Table 1—Properties of Zinc 


Specific Gravity—7.13 (rolled) 

Melting Point—419.5° C 

Coefficient of Thermal Expansion—23 X* 10-* per °C. (across 
grain) at 20° C.; 32.4 10°* per ° C. (with grain) 

Boiling Point—905° C 

Thermal Conductivity—0.27 cal./sec./em.2/em./° C. at 20° C. 
(50% of Al) 

Electric Conductivity—28% of copper 

Mechanical Properties (with the grain*) 


Tensile 
Strength, Elongation, 
Alloy Condition Lb. /In.? % in 2 In. 
0.12 Pb max. Hot rolled 17,000-20,000 40-70 
Cold rolled 18,000-23,000 30-60 


0.65-1.25 Cu rolled 26,000-50,000 20-60 
Annealed at 250° C. 18,000-30,000 20-50 
4 Al,0.05 Mg S.A. E.903;A.S.T.M. 40,000 5 
No. XXIII die casting 
S. A. E.921;A.S.T. M. 
No. XXI die casting 


4 Al,3 Cu, 
0.05 Mg 


48,000 5 


x Across the grain the strength is approximately 20% higher, the 
elongation lower. 


in this country, it is not surprising that there are few 
applications for welding. Zinc products often are such 
that welding is unnecessary, except for repair purposes, 
and other joining methods have become firmly estab- 
lished, as shown by the absence of welding clauses in the 
British Standard Specification for Zinc Roofing (1939). 
A brief review of several leading articles on zinc welding 
has been made by West.!*4 

The literature reviewed herein is primarily foreign. 
Besides the welding of zinc, there are sections on solder- 


ng and on other metals of low melting point, excluding 
ead. 


WELDING WROUGHT ZINC 


Oxyacetylene Welding 
Flux 


The oxide film (ZnO) normally present on zinc is 
adherent. Although Burkhardt! stated that flux was 


Bismuth 


Welding in a Bunsen flame and in a resistance butt- 
welding machine has been successful. 


Antimony 
Resistance butt welds have been made, and oxyacetyl- 
ene welds have been made without flux with a small flame 
in an alloy containing 70 Sb, 20 Pb, 10 Sn. 


Cadmium 


Cadmium has been spot welded to itself and to copper 
alloys, tin, lead and iron. 


and Its Alloys 


not essential, all other welders*: * * ° use flux, primarily 
to dissolve*’. *’ ZnO, which otherwise is trapped in the 
weld.* Besides dissolving ZnO, the flux should have 
good spreading power to prevent vaporization of zinc,’ 
should not fume, should not spot the surface of the weld 
and should be readily removable after welding.’ A 
powdered mixture of 50° ZnCl, and 50°) hydrated 
NH,Cl has been used,’ the hot rod being dipped"! 
into it, but Horn'* found that the powder was less 
satisfactory than a paste of the same materials. The 
powder did not prevent loss of zinc and produced an 
irregular bead. Flux is used on both sides of the 
sheet’. * and on the rod. NH,Cl alone’ (as 
powder"? or saturated solution'’ '’) or with HCl, CuCl 
or SnCl,*° has been used, but the fumes are likely to be 
overpowering.* Dilute HCI® and a mixture of lithium 
salts' have been suggested. Partington*® smeared ZnCl, 
lightly over the edges and plunged the hot filler rod into 
salammoniac in order to produce a weld with a silvery 
appearance. Cored rods*' have not been satisfac 
tory® * '* because the flux is supplied irregularly and 
is not distributed in advance of the weld. Soldering 
fluids are not suitable." 


Torch and Flame 

A small torch is required. For sheet 0.039 and 0.12 
in. thick Anders* uses the same torches as for steel 0.012 
0.020 and 0.020-0.039 in. thick, respectively. The 
nozzle is 0.012—0.020 in. diameter for sheet 0.02S in. 
thick. The acetylene consumption for each '/\ in. of 


thickness should be 2.8-3.4%')'** cu. ft./hr., 2.5 
cu. ft./hr.** (10% higher oxygen rate), 2.25' cu. ft./hr. 
or 1.7** cu. ft./hr. 

The flame is small to avoid distortion’ and vaporiza 
tion, and is neutral** (not oxidizing'*). To 
guarantee absence of excess oxygen a slight excess of 
acetylene* ' 17.25 may be used. Perhaps through 
analogy with brass welding, Horn*®® once used 10°; 
excess oxygen, which he now" maintains is fatal. 


Preparation of Joint 


According to some authorities, the edges 
to be welded should be scraped bright. Others® '* '* * 
find scraping unnecessary, which indeed it ought to be 
if the flux is effective. The height of the flange for 
flange welds is 1'/, 7’ (J = thickness) or 0.02-0.04 
in.’ for thin sheet; no filler rod is used. Unbeveled 
butt welds may be made up to 0.08* or 0.12 in.® ') " 


No gap is necessary** for sheet up to 0.039 in. thick 
The thicker sheets and plate are beveled 70°'' or 90 
and a small gap (0.08-0.12 in.) is used.’ 
Burkhardt recommends a graphite backing plate, Fig. 
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Fig. 1—Butt Welding Zinc Using a Carbon Block as Backing. Schneider'’ 


1, and end bars to prevent the weld metal from flowing 
out of the joint. On long joints elaborate preparations 
are impracticable. Lap joints are used instead of butt. 
The overlap is 0.16 in.* '* or 0.20-0.39 in.** In the for- 
mer, the upper sheet is melted into the lower across the 
width of the overlap. In the latter, a weld is made on 
both sides with filler rod; rod otherwise is not used for 
lap welds. Double V welds offer no difficulty’? in sheet 
cver 0.08 in. thick,’ but it may be necessary to use right- 
hand welding for the reverse bead to prevent cracks.*® 
T joints (fillet welds) are easy to make. 

Tacking is necessary for butt welds in thin sheet (less 
than 0.06 in. thick": **) at intervals of 30 7°* (7 = thick- 
ness) or 4 to 6 in. for flange welds'*® (flat or vertical). 
Wisbrock’ tacks butt welds at 2- to 4-in. intervals, lap 
welds every 4 to 6 in. (0.20 in. overlap). Anders* tacks 
0.039-in. sheet at intervals of 1.2—1.6in. for butt welding, 
and 0.028-in. sheet at intervals of 0.6-0.8 in. for lap 
welding. 


Filler Rod 


Pure zinc filler rod* * > ' is used, or else rod of the 
same composition as base metal.' The rod diameter 


may be °/; 7' (7° = sheet thickness), or 0.16 in. for 
sheet 0.12 in. thick. Rods 0.06—-0.12 in. diameter have 
been used.*;7'* A large rod is said to prevent over- 


heating.'* Anders* used 1.4 Ib. of filler rod in making 
100 ft. of butt weld in sheet 0.039 in. thick at a speed 
of 10 in./min. It would appear to be essential to re- 
strict the iron, lead, cadmium and tin contents to low 
values for best corrosion resistance, and to assure the 
presence of a little magnesium in the weld metal to over- 
come undesirable aging effects in alloys. 


Welding Procedure 


The tip®: '* '4 of the cone of the flame should be 0.06 
0.08 in. from the puddle, although Wisbrock’ permits the 
green tip of the flame to touch the puddle. If the torch 
is held vertically or nearly so, holes are formed.’ There- 
fore, the torch should be held at an angle to the sheet of 
15° (0.028-in. sheet’), 30°,' ' 30 to 45° (sheet 
thinner than 0.039 in.’), or 45°.'' In butt welding the 
flame is directed'* on the rod, which is raised out of the 
flame for an instant after each drop has been de- 
posited.’:'')'* Holes are formed if the torch dwells 
too long'’ on any spot; consequently the torch may be 
given an oscillating motion,':*'' Fig. 2. Holes’? are 
likely to be formed also in sheets 0.036 or '/s in. thick 
when welding is begun again after an interruption. 
In general, it is less difficult to weld thick material than 
thin,” and alloys containing 4°, Al are more difficult” 
than alloys containing 0.2 Al, 4 Cu. An oxide film that 
is difficult (impossible?) to flux is found on the 4% Al 
alloy. 

Left-hand welding is preferred’.* *. (torch 
pointed toward unwelded part of joint), although to 
Keel’ it is immaterial whether right-hand or left-hand 
tactics are adopted. If holes have been formed they 


should be filled after the weld has been completed.’ 
Inexperienced welders may improve the appearance of 
their weld by going over it with the torch but without 
adding filler Vertical welding is not difficult."*. 
Starting at the bottom, the welder may either periodically 
apply the torch so that a series of drops is formed, or 
hold the torch nearly parallel to the sheets and con- 
tinuously melt the seam. 

To lap weld zinc to lead first fuse the zinc to the lead, 
then deposit a layer of lead over the zinc, according to 
Partington.'® 


Speed 


The following speeds are reported by Anders 

Butt weld in sheet 0.12 in. thick—5 in./min. 

Butt weld in sheet 0.039 in. thick—10 in./min. 

Butt weld in sheet 0.028 in. thick—10—11 in./min. 
(welding time) 

Butt weld in sheet 0.028 in. thick—S in./min. (tacking 
time) 

Lap weld in sheet 0.028 in. thick—10 in./min. 

Keel* completed 6 to 8 in. of butt weld per min. in 

sheet 0.06-—-0.08 in. thick. 


Microstructure 


Clean welds free from porosity’ ' * (X-ray) are 
prepared by experienced welders. The weld metal 
consists of large, columnar crystals,® '* ® which are 
brittle.'' The larger the welding flame, the larger the 
grain size, according to Anders,* who did not care to 
lower the corrosion resistance of his welds by using 
alloying elements that may have refined the grain size. 
Micrographs” show that hammering at 140° C. refines 
the grain size of the weld. Recrystallization of the heat 
affected zone of cold rolled sheet has been observed.” 


Hammering and Heat Treatment 


Hammering the weld at room temperature has been 
said to refine the grain size,” improve the strength’ 
and prevent hot shortness.2, However, most investi 
gators have preferred to avoid cracks in the weld metal 
by hammering (not too heavily) at 100° C.," ' 140 
C.,% 120-150° C.," 140-150° C2 or 150° C.,™" * 
instead of at room temperature. Too high a tempera 
ture is as likely to produce cracks as too low. Besides 
refining the grain size, hot hammering improves the 
strength and ductility. Merely reheating the weld to 
140-150° C.7.5*%%2 may improve the strength and 
refine the grain size (evidence was lacking). 

Mechanical Properties 

According to Horn’ ** and a zine producer,'* welds 
have at least 90% of the tensile strength of unwelded 
metal and the same ductility. Zorn” reported 10,000 
to 14,000 Ib./in.* for welds in zinc 0.039 and 0.079 in 
thick. An Austrian welder**® reported 14,000 Ib./in., 
which was the same as unwelded base metal. French 


Toren 


Roo 


Fig. 2—In Welding Zinc the Rod Must Be Used to Stir the Puddle, Wh:le 
the Torch Is Moved from Side to Side, According to Burkhardt 
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investigators'' in 1931 had to rely on hammering at 
100° C. to attain the same strength as unwelded zinc. 
Butt welds in zine 0.06-—0.08 in. thick (tensile strength = 
19,200 Ib./in.*) had a tensile strength of 15,000 Ib. /in.? 
in Keel’s* tests, and 24,000-27,000 Ib. /in.* was reported 
by Holler® for welds made with a pure zinc rod. 

If welds in zine 0.12 in. thick were made with a pure 
zine rod without reinforcement, the tensile strength was 
6400-11,300 Ib./in.*, and cracks appeared at a bend 
angle of 35° in Anders’ tests. With reinforcement the 
tensile strength was 11,100—12,200 Ib./in.* and the bend 
angle was 100-110°. Welds in 0.039-in. sheet made 
with pure zinc rod 0.08 in. diameter had 13,100—15,000 
Ib. /in.* tensile strength and could be bent 180° without 
cracks. Petershagen'* found, Table 2 (no details), 
that welds had about the same strength as annealed 


base metal, and that hot hammering raised the strength 
Af 


Table 2—Tensile Strength of Oxyacetylene Welds in Hard 
Rolled Zinc. Petershagen!* (1939) 


Tensile Strength, Lb. /In.? 


Unwelded, hard rolled 26,500 
Unwelded, fully annealed 12,800 


Flat-position flange weld 
Flat-position flange weld, 


13,200-14,200 


hammered at 100° C. 18,200 
Vertical-position flange weld 14,200 
Lap weld 12,700 


Butt welds in an alloy containing 4 Al, 0.5 Cu, 0.03 
Mg had a tensile strength of 35,000—38,000 Ib./in.* 
fracture outside weld) in Burkhardt’s tests.' Cold 
hammering raised the strength to 53,000-57,000, and 
drawing a welded rod 0.4 in. diameter 10% raised the 
strength to 60,000 Ib./in.* 


Corrosion Resistance 


The statement® ** that good welds in zine have the 
same corrosion resistance as unwelded metal is con- 
firmed by Winterhager’s® research, Table 3. The 
welds were heavily reinforced and were washed. In 
3% NaCl-0.1% HO, solution, base metal was pitted 
to a greater extent than the weld. As-welded specimens 
broke in the weld; hammered specimens broke in the 
heat-affected zone with considerable ductility. In 
moist air containing 0.1% SO, pitting was general par- 
ticularly at defects in the sheet, where intergranular 
corrosion was observed (no details). Unwashed speci- 
mens were penetrated in the heat-affected zone by the 
action of 30% H,SO, for 5 hr., due to flux. Under similar 
conditions, washed specimens corroded uniformly, the 
base metal being attacked, however, faster than weld 
metal. 


A pplications 


Few applications of oxyacetylene-welded wrought 
zinc have been described. Methods for welding venti- 
lators, ice cream freezers, rain gutters'’ and a jig** for 
welding a piece of zinc apparatus from sheet 0.059 in. 
thick have been described. Zinc seamless tubing*! and 
trolley wire' have been made by welding and subse- 
quently drawing. 


Air-Acetylene Welding 


Although Anders* found that the air-acetylene flame 
was not sufficiently concentrated for zinc, others’ “ 
have used it successfully for zinc up to 0.079 in.** * 


Table 3—Tensile Strength (Lb. /In.") of Welds in Hard-Rolled 
Zinc 0.059 In. Thick after Corrosion. Winterhager™ (1937) 


3% NaCl + 0.1% H.0,* 


Months Welded Moist Air with SO,' 
of Corro- Un- As and Cold Un As 
sion welded Welded Hammered welded Welded 
0) 39,000 14,000 17,700 O00 14,000 
3 37,000 13,600 17,000 34,000 12.800 
6 35,500 13,300 16,800 31,000 11,700 
10 34,000 13,000 16,300 


* Specimens 0.79 in. wide were suspended vertically from glass 
hooks into glass tanks 16 x 12 x 2.4 in. containing the solution 
at room temperature. Distilled water was used in renewing the 
solution every ten days. The peroxide content was checked every 
day 

1 Air was passed at the rate of 10.6 cu. ft. /hr. over the specimens, 
which were 1.2 in. wide. The air was bubbled through a solution 
of 20% sodium bisulfite to which a little H,SO, was added to pro 
duce 0.1% SO. by volume in the air, which was at room tempera 
ture, 80% humidity. The specimens were enclosed in a covered 
glass tank 12 x 8x 8 in. 


thick. Acetylene at a pressure of 7 to 21 Ib./in.” (4 
to 7 Ib./in.*)* injects air into the torch, which is of 
single-hose Bunsen type and consumes 0.50.7 cu. ft. 
acetylene per hr., Table 4. Portability is the advantage 
of the air-acetylene torch. About the same strength is 
attainable as with oxyacetylene welding.**® Lap 
welds had a tensile strength of 12,000 Ib. /in.* in Peters 
hagen’s'* tests, while flange welds made in a flat position 
had 13,700 Ib. /in.*, which was increased to 19,000 Ib. /in.* 
by hammering at 100° C. Flange welds made in a 
vertical position had 13,400 Ib./in.* tensile strength. 


Table 4—Air-Acetylene Welding for Zinc. Zorn” 


Consumption 
Thickness, of Acetylene, Speed of Welding, In./Min 


In Cu. Ft./100 Ft Air-Acet vlene Oxyacetylene 
0.020 0.65 
0.079 6.6 } 
0.12 9.8 2.6 
Other Gases 


The oxy-hydrogen flame is suitable for thin' material, 
for which Schneider™ states it is more suitable than other 
fuels. The nozzle may be 0.04-0.06 in. diameter’ or 
a lead burner's torch® may be used. Butt welds can 
be bent 90° and have the same strength as unwelded 
sheet. NH,Cl is said to be a good flux. City gas also 
is satisfactory,” a flange weld developing 14,700 
Ib. /in.? tensile strength. 

Atomic Ilydrogen Welding 

It is satisfactory® for zinc over '/, in. thick; there ts 

no decrease in ductility or loss of zinc. 


Arc Welding 


Stieler® found are welding impossible, while Burk- 
hardt' states that holes are very easily formed 


Carbon Resistor Welding 


The Weibel carbon resistor process is satisfactory for 
zine sheets up to 0.08 in. thick.’?! 


Hammer Welding 


Zine and zinc alloys free from aluminum can _ be 
hammer welded! at 350° C. with a ball peen hammer 
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The clean scarves should overlap 0.39 in. 


Overheating 
is fatal. 


Metal Spray Process 


The spray gun can be used to weld zinc, according to 
Werner.” 


Spot Welding 


Spot welding has yielded satisfactory results, ac- 
cording to a number of investigators.*! *.”. Using 
a total load of 300 Ib. (5 cycles, 80 kva.), Thomason* 
obtained spot welds in zine '/,; in. thick with an indenta- 
tion of 30% of the thickness. The welds seemed to 
have poor strength, which is consistent with the brittle- 
ness and coarse structure observed by Ferguson* and 
by Goldmann“ in sheet 0.025 in. thick. However, a 
Russian investigator® reported 15,500—-23,000 Ib./in.* as 
the tensile strength of spot and seam welds in zine 0.012-— 
0.020 in. thick (160-200 amp./mm.’, less than 2800 
Ib./in.* tip pressure). Richter® refers to a manual spot 
welder for zinc battery cups, and Burkhardt! is im- 
pressed with the spot welding of zinc less than 0.08 in. 
thick by means of paired electrodes. Zine containing 
4% Al is best spot welded, according to Loéhberg;” the 
welds break outside the weld with little loss in tensile 
strength. Zine spot welds readily to aluminum, but 
poor, brittle welds are secured with ferrous and copper 
alloys, Ni, Pb, Cd and galvanized iron. 


Seam Welding 


Zinc is readily seam welded,* although coarse grain 
structure may be observed.** In seam welding zinc 
battery cups Litten® had difficulty with spatter and 
exuded metal, whereas Zalesinski® later had satisfactory 
results. The seam welds were particularly resistant to 
corrosion (no details) although the heat-affected zone 
had recrystallized. The following roller speeds were 
used by Neese®! for zinc boxes: 3.9 ft./min. for sheet 
0.039 in. thick, 13 ft./min. for sheet 0.004 in. thick. 

Zine can be resistance butt welded to itself** and to 
tin.** Percussion welds also have been made, in par- 
ticular to aluminum.” 


DIE CASTINGS 


Despite Viall’s® inability to weld them, and Schimpke 
and Horn's” advice not to weld them on account of 
impurities, broken zine-base die castings as thin™ as 
'/y in. have been oxyacetylene welded successfully by 
a number of experts,* provided the castings are not 
oxidized.* Welding is difficult” and is confined to repair 
work. The edges to be welded may be filed or pickled 
in 20% NaOH solution,''® or may be scraped to a V with 
a steel spatula after being heated to the sweating point. 
The filler rod may be pure zinc,’ or, better, a die-casting 
alloy of the same type as that to be welded. Mayer- 
Sidd'” never uses unalloyed zine rod; for all alloys he 
recommends a rod as thin as possible, 0.08-0.12 in. 
diameter, containing 0.9-1.2 Al, 1.1 Cu. The weld 
metal should have the same composition as_ base 
metal.” °° The scraped and heated zinc rod may be 
dipped in granulated soldering flux or, better, mag- 
nesium welding flux, the latter making it unnecessary 
to use an iron paddle.” Flux is used by Keel® and a 
French authority* (50% ZnCh, 50% hydrated NH,Cl), 
but most welders use none™ 6,119  bhecause 
alumina cannot be fluxed® at welding temperatures, 350— 
420° C. The majority® prefer a reducing 
flame, but no soot® should be deposited. 


uses an oxidizing flame to prevent soot deposits, 
Buckley™ prefers a small, fierce oxidizing flame. Mayer- 
Sidd'” uses an absolutely neutral flame. The car- 
burizing flame should be 4-6 in. long, F. E. Rogers 
states (private communication, March 1940), and the 
tip should be one or two sizes smaller than for steel of 
the same thickness. 

Detailed procedures”: have been described for a 
number of castings, such as carburetors, oil pump 
housings™ and automobile door handles.” A steel or 
bronze paddle® *. nearly always is used to 
break the oxide skin at the start of the weld, to assist 
in securing penetration and to mold the surface of the 
weld. The paddle is rested on the heated spot until it 
becomes mushy. The paddle is pushed through the 
oxide film nearly to the bottom of the crack to form a 
Vee. Filler rod is melted into the Vee, after which the 
paddle is used to coalesce weld metal with base metal.” 
The flame should be directed on the filler rod to prevent 
overheating the casting. It appears, therefore, better 
to direct the flame nearly parallel to the surface® than 
nearly vertical.” Plaster of Paris is used sometimes to 
support® the casting during welding, while a graphite 
mold* may be used to prevent liquid weld metal flowing 
away while the weld is being stirred. Preheating" “ 
may be used for large, complicated castings. A hot 
plate may be used or the entire part (door handle) may 
be preheated with a torch. 

The welded part should be cooled slowly® and may 
be annealed*? at 150° C. to refine the grain size. Hig- 
nett® and others have pointed out that two of the prin- 
cipal defects in welds in zinc base die castings are inclu 
sions of alumina and blow-holes, due probably to gas 
evolved from the casting. Although Rostosky® did not 
have high regard for welded die castings, Mace™ stated 
that good welds have the same strength (no details) as 
the unwelded casting. 

Spot welding of two pieces of a die-cast alloy 0.073 in. 
thick containing 4 Al, 0.04 Mg was accomplished by 
R. T. Gillette (private communication, March 1940) 
using the pulsation method (three impulses of power, |2 
cycles on and 6 off, 21,800 amp., 1500 Ib. load on flat tip 
Elkaloy electrodes °/,. in. diameter). The welds ap 
peared to be free from defects, but insufficient experience 
has been gained to determine whether electrode pick-up 
is a factor. 


SOLDERING ZINC 


Tin-lead solders (50% 7. 7! 72.78, 120 550% 
60% Sn, 33% Sn”) are suitable for zinc. The solder 
should contain no antimony”! ' (1 to 2.5% Sb makes 
the solder unfit for zinc, according to A. S. T. M. Tenta 
tive Specification B 32-39T) which forms a Zn-Sb com 
pound of high melting point and spoils the spreading 
power.” Copper” added to the solder is said to increase 
its diffusion. Tin itself*'” is a good solder. Other 
recommended solders are: 93 Pb-4 Hg-3 Sn;* 9-14 
Sn, 4—9 Cd, rem. Pb;” 70 Cd, 14 Zn, 10 Sn, 6 Pb.' For 
alloys containing aluminum, Schneider” uses 60 Sn 
30 Pb-10 Zn; tinman’s solder is satisfactory for alloys 
containing copper as the principal addition. The alloy 
containing 4% Al was said” to be particularly difficult 
to solder. Wassermann'®? used 33:67 tin-lead solder 
with chloride flux for alloys free from aluminum; zinc 
and bismuth added to the solder improved the strengt!i 
of the joint. Experiments by Merz and Imbusch™ om 
diffusion of zinc from a Zn-Sn-Pb alloy to Pb-Sn alloys 
at about 350° C. showed that the diffusion rate of 20 
increased as the tin content was increased, and linearly 
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as the temperature was raised. The conclusion was 
drawn that high-tin solders were most suitable for Zn. 
Rostosky*! observed zine dendrites in a joint soldered 
with pure tin. 

The familiar ZnCl, solution’! 8%. (killed spirits) 
is the flux. ZnCl, may be used for clean zinc, dil. HCl 
for dirty zinc,”* ® '° but HCl alone may form a black 
deposit.** NH,Cl plus HCI* or plus ZnCl,” 
has been used. 

The greatest difficulty in soldering zine is corrosion by 
remains of acid fluxes, according to Stubbs,'” who used 
zine ammonium chloride (non-acid) made by adding one 
part of NH,Cl to every five parts of zinc in a saturated 
HCl solution. The 70% Cd solder recommended by 
Burkhardt! and Wassermann'”’ for zinc alloys containing 
aluminum required NaOH solution as flux. Stearine” 
also has been used. For zine electric conductors Holm- 
gren” used stearin and a sheet aluminum trough heated 
by the soldering copper to retain the solder (64 Sn-36 
Pb) to which the trough did not adhere. The soldering 
copper should be applied’* while the flux is moist. Tack- 
ing” may be desirable. While a blowtorch” (neutral 
flame) may be satisfactory, most workmen use a heavy, 
moderately hot soldering copper.’' The copper 
should not* be dull red, contrary to Brass World.** The 
solder should be deposited as rapidly as possible to avoid 
overheating,® speeds of 12" to 15” ft./min. having been 
attained (no details). Voigt and Wertheim® showed 
a linear relationship between rate of supply of heat to 
an electric soldering iron and the speed of soldering. 
From thermocouple surveys of soldered joints in zinc 
sheets 6'/2 ft. long, 4 in. wide, 0.20 in. overlap, it was 
found that the heat required was directly proportional 
to thickness: 


KCal to make 3.26 ft. of joint: 0.50 2.00 5.00 
Thickness, in.: 0.004 0.016 0.039 


Although soldering has been recommended” for zinc 
roofing, other methods of fastening usually are employed. 
In a Bureau of Mines report in 1925 Van Barneveld” 
folded the upper edge of the zinc sheet */, in. and locked 
3x 3 in. zine clips into it at intervals of 18 in. The clips 
were nailed to the roof, after which the adjoining sheet 
was lapped over 1'/: in. and soldered. Lock seams were 
not relied upon. Vertical or flat wiped joints” can be 
made with 67 Pb—33 Sn solder, if a flush joint is required. 
For vertical seams in decontamination units Stubbs!” 
used soldered lap joints; for horizontal joints, lock 
seams with solder filling. He illustrates methods of 
soldering zinc-covered plywood. Battery cups® have 
been hand and machine soldered, one authority”! noting 
no effect of the solder on corrosion resistance, whereas 
another” abandoned soldering on account of inter- 
granular corrosion created by it. Severe intergranular 
corrosion of tin-soldered zinc was noted by Burkhardt,' 
who quoted” 11,500-15,500 Ib./in.2 as the tensile 
Strength of a cadmium-soldered joint. The tensile 
strength of tin-soldered zinc was reported by Peters- 
hagen'® to be 12,700-16,700 Ib./in.2 According to 
Richter,” a tin-soldered joint between iron and zinc 
| x 0.2 in. underwent only 2% increase in resistance after 
exposure to the air without protection for 22 years. 


SOLDERING DIE CASTINGS 


Die castings nearly always contain over 2% Al, which 
creates difficulties with oxide films in soldering.” If 
aluminum friction solder is used, no flux is required. 
The solder (not too high in zinc’) is worked into the 
joint with the soldering copper,** or is wire brushed 
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into the surface. The work is slow and the joint has 
poor appearance and corrosion resistance." * Tinman’s 
solder, which requires flux, is said’* to be more popular 
than friction solder. Instead of cadmium solder, which 
he preferred, Mayer-Sidd'” was forced by circumstances 
to use a solder containing 60 Sn, 30 Pb, 10 Zn. Abate” 
used vaseline or stearin (not acid) with 60 Sn—40 Zn 
solder for die castings containing 6 Al or 5 Al-3 Cu. 
Pierce and Anderson” had good results (4 Al-3 Cu 
castings) with a flux containing S5% stearic acid, 12% 
KCl, 3% NaCl. Nikonow”® preferred HCl, which was 
satisfactory also for dip soldering (5-second dip). Over- 
heating produced black oxide or pimples which pre- 
vented soldering and embrittled the casting. A solder 
containing 82.5 Cd, 17.5 Zn (eutectic) is most satis 
factory for zine die castings, according to E. H. Kelton 
(private communication, March 1940). If the casting 
is or can be nickel®”: ** or chromium plated,” soldering 
becomes simpler. Phosphoric acid” provides a grip 
for 50 Pb-50 Sn solder on chromium plating, and the 
repair may be reinforced with splints of bronze rod by 
means of an oxyacetylene flame (slight excess of acety- 
lene). All in all, Street®* concludes that soldering is 
undesirable if for no other reason than that scrap die 
castings thus become contaminated with undesirable 
tin and lead. 


WELDING TIN AND ITS ALLOYS 


Block tin or pewter (5-15% Pb) as thin as 0.028 in. 
is readily** oxyacetylene welded with a small flame.’ 
No circular motion is imparted to the torch as it is moved 
along the seam; filler rod is held in the cone of the 
flame ahead of the torch. Welds can be made in pipe 
and sheets in all positions. 

Pure tin rod is used for block tin pipe’ and an alloy of 
the same composition for tin alloys. If necessary, 
stearin'” may be used as flux. To coat steel tanks with 
tin an Austrian welder™! spread liquid tin by means of 
waste on the steel, which was moistened with a solution 
of HCl and NH,Cl. Wooden tanks 30 x 40 x 30 in. were 
lined with sheet tin '/\.—'/s in. thick by Neubecker'* by 
means of a soldering copper and pure tin filler wire 
'/6 in. diameter. The edges were cleaned but no flux 
was required unless extreme speed was necessary. Neu 
becker illustrates the blunt soldering copper (a blow 
torch was equally satisfactory) and the lap joints, and 
describes, as well, methods for welding tin pipes. The 
oxy-city gas torch” is satisfactory for tin, as well as the 
carbon semi-are process’*® in which the electrode is 
brought into intermittent contact with the tin 

Despite Woofter’s'* statement that resistance welding 
of tin is impossible, it had been resistance butt welded 
in 1890 and later.) Tin has been resistance butt 
welded to lead and zinc,** and has been spot welded by 
Ferguson® to itself and to copper alloys, lead, cadmium 
and galvanized iron. It could not be spot welded to 
iron, aluminum and nichrome. Some degree of ad- 
herence between tin cylinders 0.79 in. diameter was 
observed by Spring™ after 8 hr. at 190° C. under pressure 
(no details). Barham and Jones' observed growth of 
crystals across the interface between two tin parts 
pressed together | hr. at 180° C. (no details). However, 
in some of the crystals the interface remained; the 
crystals seemed to have grown round the dirt at the 
interface. 


SOLDERING TIN AND ITS ALLOYS 


To solder tin or pewter Lewis™ uses olive oil, gallipoli 
oil or tallow as flux, and a solder of the same composition 
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for color match or 50 Sn-25 Bi Pb if the parts are 
thin. Eyles’ uses the latter solder only for pewter, 
preferring 80 Sn-15 Pb-5 Bi with resin or olive oil flux 
for tin. Other solders for pewter are: 50 Bi-25 Sn- 
25 Pb’ (m. p., 95° C.), and 66.7 Pb-25 Cd-8.3 Bil 
(m. p., LOO” C.). The tip of the flame always should be 
in motion. To solder Brittania!” metal (95 Sn-2'/, Cu-— 
2'/» Pb) the flux may be */; resin, '/; olive oil by volume, 
and the solder may be 50 Sn-50 Pb, 94 Sn—6§ Cu or 42 
Sn—42 Pb-16 Hg. Brass World'"' preferred 67 Sn-33 Pb 
with a blowpipe for Brittania metal with a flux composed 
of equal parts of alcohol, glycerine and ZnCl. Boys!” 
added bismuth to tinman’s solder for Brittania metal 
jugs and used ZnCl, as flux; the soldering copper was 
no hotter than absolutely necessary. Extremely thin 
(0.004 in. thick) material can be soldered in this way. 
A little phosphorus has been added!" to soft solder for 
uniting slush castings of Brittania metal to preheated 
galvanized steel. The phosphorus improved the fluidity; 
gallipoli oil was the flux. 


Bismuth 


Welding in a Bunsen flame'' and in a resistance butt- 
welding machine®* has been successful. Cartwright!” 
made condenser discharge welds under alcohol to join 
a bismuth wire containing 10% Sn to another bismuth 
wire containing 3% Sb. A bismuth wire 0.0008 in. 
diameter containing 3% Sb was welded by Rosenthal'** 
to gold foil 0.00001 in. thick by condenser discharge and 
was soldered to copper wire 0.04 in. diameter by means 
of fresh ZnClh-HCl solution and a solder containing 50 
Bi, 27 Pb, 23 5n. Lewis® and Eyles’* use ZnCl, or rosin 
as flux in soldering bismuth with a solder containing 
equal parts of tin, lead and bismuth. 


Antimony 

Resistance butt welds have been made,** and oxy- 
acetylene welds have been made!" without flux with a 
small flame in an alloy containing 70 Sb, 20 Pb, 10 Sn, 
which is used for funeral decorations. Lead burner’s 
technique was successful, the tip of the flame touching 
the melt. Antimony wire 0.0005 in. diameter was 
welded and soldered by Rosenthal'** using the tactics 
described in the preceding section. 


Cadmium 


Cadmium has been spot welded to itself and to copper 
alloys, tin, lead and iron by Ferguson.** Welds could 
not be made to nichrome and aluminum. Blair''’ used 
tin-mercury amalgam to tin cadmium-plated silicon iron 
preparatory to soldering to steel. 


Tellurium 

A condenser discharge welder was used by Cart- 
wright!” to weld tellurium to bismuth wires 0.005 mm. 
diameter under alcohol in order to preserve the beta 
modification of tellurium which is stable only above 
354° C. Tellurium wires were soldered together by 
means of Wood's metal and a hot needle. Oxidation 
creates difficulties in torch welding bismuth to tel- 
lurium.'" 
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SUGGESTED RESEARCH PROBLEMS 


1. With good technique welds can be made having 
the same tensile strength as unwelded zinc. Additional 
information is needed on the strength of welds in wrought 
zine alloy sheets and particularly on the ductility. 

2. The corrosion resistance of welded (gas and spot) 
and soldered zinc should be investigated, preferably in 
tests of long duration. Type of flux and filler rod, 
cleanliness and smoothness of weld, and type of joint 
(butt, fillet, lap) should be among the variables to be 
studied. 

3. The effectiveness of fluxes for zinc welding should 
be investigated from the standpoint of surface tension, 
spreading power and solubility for oxygen and ZnO. 
It might be possible to replace some of the inorganic 
fluxes by less objectionable materials. 

4. Research on the spot and seam welding of zinc 
alloys should be directed first toward determining the 
conditions of time, tip load and current under which 
strong welds can be made in different thicknesses. The 
strength would be measured and the effect of type of 
electrode, tip contour and surface preparation, if any, 
would be investigated. 


METALLIC ELECTRODES FOR GRAY 


By FRANK W. SCOTT! 


I. INTRODUCTION 


HE welding of gray cast iron has been one of the 
most difficult operations that the industry has had 
to carry out. This has been due to the fact that 


* Contribution to the Fundamental Research Division. 
| Department of Metallurgy, University of Minnesota, Minneapolis, Minn. 
Consulting Metallurgist, Marquette Manufacturing Co., Inc., Minneapolis, 
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the characteristics of gray cast iron have not been thor- 
oughly appreciated. Particularly, the effects of change 
in chemical analysis, rates of cooling, and shrinkage of 
deposited metal have not been evaluated. 

Recently, experiments have been concluded proving 
that gray cast irons can be successfully welded using 
cast-iron rods with alloy coatings. Using preheated 
castings, arc deposited weld metal has been found to be 
readily machinable, free of blow-holes, oxides and hard 
spots, even at the line of fusion. It has been demon 
strated that the usual tendency for cracking due to ex 
cessive strains may be avoided. This deposit is also 
advantageous where appearance is importance since the 
metal is homogeneous. 


4. 
reg, 
o 

i4 
Machines 
Soft 
4 
athe 
J 
Ma: 
NE 


Weld Using Steel Rod Weld Using BareCast Weld Using Alloy 
Iron Rod Coated Cast-Iron Rod 


Fig. 4—Comparison of Macrostructure of Butt-Welded Cast-Iron 
Sections, Polished, Unetched. (Full Size) 


II. RELATIONSHIP OF STRUCTURE OF GRAY 
CAST IRON TO ITS PHYSICAL PROPERTIES 


To develop the welding rod that gives the results just 
described, it has been necessary to make a fundamental 
study of the factors controlling the complex structure 
that we know as common gray iron. Small changes in 
this structure make very pronounced differences in the 
physical properties of the iron. 

Gray irons are principally alloys of iron, carbon and 
silicon, and are characterized by a gray fracture of the 
metal. This gray color is the result of the cast iron 
being non-uniform in structure. The matrix, or body, 
of the cast iron is made up of two constituents known as 
ferrite and pearlite. The ferrite is a very soft constituent 
(pure iron) and the pearlite is made up of alternate 
plates of ferrite and cementite, the latter being a chemical 
compound, Fe;C. Cementite, or iron carbide, is very 
brittle, and the hardest constituent found in iron or steel. 
Pearlite has a tensile strength of approximately 115,000 
pounds per square inch, an elongation of 15% in 2 inches, 
and its Brinell hardness is about 200. Its properties are 
controlled by the thickness of the laminae which seldom 
measure over 0.0004 inch in thickness. The ferrite 
plates have approximately a tensile strength of 40,000 
pounds per square inch, an elongation of over 50% in 2 
inches, and a Brinell hardness of about 80 while the 
cementite plates have no ductility and a Brinell hardness 
of over 600. The properties of pearlite are due to the 
mixture of these components. The metallic matrix of 
gray iron is filled with numberless flakes of graphitic 
carbon which are soft and similar to natural graphite. 
These flakes give the gray iron its typical dark gray 
fracture. 
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The strength of gray cast iron is controlled, to a great 
extent, by the relative amounts of ferrite and pearlite 
present. A combined carbon of about 0.60—-0.70% wil] 
give a matrix that is nearly all pearlitic. Lower com- 
bined carbons produce more ferrite, and a softer matrix, 
As one part of combined carbon, by weight, gives about 
117 parts of pearlite by volume, small changes in com- 
bined carbon will greatly affect the physical properties of 
the gray iron. The highest test irons are almost all 
pearlitic. In these ways, the body of cast iron is seen 
to be similar to steel, but the effect of the thousands of 
crystalline flakes of graphite must not be overlooked. 

The soft and weak flakes of graphite break up the 
continuity of the ‘‘steel’’ matrix and lessen the strength 
of the iron. Often their effect is so great that they con- 
trol the strength of the iron. They are responsible for 
the lack of appreciable ductility, but are also responsible 
for its easier machinability. The effects of the graphite 
flakes are proportionate to their size, distribution and 
number. As graphite is much lighter in weight than 
the ‘“‘steel’’ matrix, it occupies a greater volume; three 
per cent of graphitic carbon by weight occupies about 
twelve per cent by volume. The greater the amount of 
graphite the lower the strength, the lower the Brinell 
hardness, and the greater its machinability. Figure | 
shows a qualitative diagram of the relationship between 
gray iron structure, tensile strength, Brinell hardness 
numbers and machinability. 


III. EFFECT OF COOLING RATE ON STRUCTURE 


Deposited weld metal cools very rapidly from the 
molten condition. This is unavoidable due to the 
conditions under which it is melted. When molten, cast 
iron has all its carbon in solution. The bulk of the cast- 
ing being welded absorbs the heat from the molten weld 
metal, and quickly reduces its temperature below the 
point at which graphitic carbon may be precipitated. 
Thus, metal of such composition which on cooling in 
the ordinary way would be a gray-iron casting, is white, 
chilled iron, or is completely or partially enveloped in a 
hard, white skin of cementite. Preheating the casting, 
before welding it, slows down the rate of heat loss from 
the weld metal and reduces the amount of carbon re 
tained in the combined form. 

A slow cooling of cast iron permits grain growth, 
greater degrees of lamination of pearlite, and large flake 
size of graphitic carbon. A more rapid cooling of the 
iron may result in the retention of various transition 
products, as sorbite, troostite or martensite. Any of 
these transition forms will result in the iron having 
greater strength and hardness. Machinable welds are 
dependent upon the formation of graphite and pearlite, 
and the absence of free cementite. The cooling rate is 
of extreme importance but may be beyond the control 
of the welder. The structure of the weld is then con- 
trolled by its chemical composition. 


IV. EFFECT OF CHEMICAL COMPOSITION ON 
STRUCTURE 


It is difficult to produce graphite in strictly pure iron- 
carbon alloys. The formation of graphite is favored by 
the presence of silicon. It promotes the decomposition 
of the combined carbon in free cementite and in pearlite 
to form ferrite and graphite. In the absence of silicon, 
the high carbon irons have a white or cementitic fracture 
Just sufficient silicon should be used to insure the de 
composition of the free or massive cementite and not 
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enough to cause the decomposition of the cementite 
in the pearlite. The excessive decomposition of the 
pearlite gives graphite and ferrite, and a weak, soft iron. 

The product of a machinable cast-iron weld requires 
the composition of the metal to be such that graphite will 
be formed from the decomposition of free cementite and 
pearlite even though the solidifying period be only a few 
seconds. The rate of graphitization is increased by in- 
creasing the silicon and carbon content of the metal. 
Therefore, it is possible to obtain high strength, machin- 
able cast-iron welds by adding these elements to weld 
metal produced by the melting of ordinary cast-iron rod 
in the electric arc. 

The fluidity or ‘‘running qualities’ of the weld metal 
are important as the weld metal bead should be flat and 
flow out smoothly where it meets the casting being 
welded. Also, a fluid metal permits the free escape of 
any entrapped gas. The fluidity of the metal depends 
upon its temperature and the composition of the metal. 
The degree of this fluidity depends on the current used 
in depositing the weld metal, and that can be controlled 
according to the size of rod being used. More important, 
the carbon and silicon needed to produce the machinable 
weld metal also promote the running qualities of the 
metal. This is due to the lowered initial solidification 
point. A white iron containing 2.00% carbon and 0.85% 
silicon may solidify as high as 2500° F., and an iron of 
eutectic composition as low as 2066° F. 

The cracking of welds or the metal welded is a com- 
mon fault when cast irons are fused together. This is 
due to the phenomena of contraction. Three contrac- 
tion phenomena occur during the cooling of the weld 
metal from the molten state to room temperature: (1) 
in the liquid, (2) during solidification, (3) after solidifica- 
tion. These are shown diagrammatically in Figs. 2 and 
3, taken from charts by Ash and Saeger.' They found 
total linear contractions (2102° F. to room temperature) 
of 0.67% for a highly ferritic iron to 1.10% for irons with 
pearlitic matrix. Typical white irons had 2.0% total 
linear contraction over the same temperature range. 

Volume shrinkages are shown in Figs. 2 and 3. It 
may be 4.0-5.0% for white irons, 1.94% for an iron con- 
taining 0.90% combined carbon, or even a negative 
shrinkage for ferritic irons. When cast iron is welded 
with an uncoated cast rod, the oxygen of the air reduces 
the carbon and the silicon content to alowlevel. Because 
of this, and the rapid rate of cooling, the weld contains a 
high percentage of combined carbon. Cementite has 
large volume contraction, and causes strains to be set 
up which crack the metal. A similar situation arises 
when a low carbon steel rod is used. This low carbon 
steel mixes with high carbon iron, diluting the carbon 
and the silicon, and the resulting iron is hard and white, 
having large contraction properties. The only way to 
avoid this contraction so the shrinkage will be negligible 
is to add carbon and silicon in the rod coating in such 
amounts that the weld metal will be gray, containing 
free graphite and low combined carbon. 


V. MACROSTRUCTURE AND BRINELL HARDNESS 
OF CAST-IRON WELDS USING VARIOUS TYPES 
OF WELDING RODS 


_ Most foundries use steel rods in repairing faulty cast- 
ings because these are inexpensive, and produce a weld 
that may be ground smooth, and have satisfactory ap- 
pearance and strength. It is recognized that these 
welds are too hard to be machined, and that they are 
slightly porous. 


* Ash and Saeger, Trans. A.F.A. 1932, p. 189 


Other welders have used bare cast-iron rods, or some 
that have a light wash of lime and silicate. The weld 
metal produced from such a rod is chemically similar to 
the cast iron, but contains free cementite at the line of 
fusion, and considerable porosity. Because of this rela 
tively small improvement over, and its higher cost than 
the steel rod, the use of this rod has been limited 

The following photographs show the comparison of the 
types of welds produced by the two rods mentioned, and 
the new, improved type of alloy coated rod. These 
specimen welds were made by butt welding two, quarter 
inch, gray cast-iron plates together after they had been 
preheated to about 600° F. The surface of the iron was 
not specially prepared, having a light oxide scale common 
to cast iron coming from the tumbler. 

In Fig. 4, the macrostructures of the test pieces are 
compared. The photographs, taken full size, illustrate 


Top—Butt Weld Using Steel Rod 
255 340 32) 364 418 375 


166 179 196 207 196 


Center—Butt Weld Using Bare Cast-Iron Rod 
Bottom—Butt Weld Using Alloy Coated Cast-Iron Rod 


Fig. 5—Comparison of Macrostructures of Welded Cast-Iron Sections, 
Polished, Unetched, Showing Brinell Hardness Numbers. Mag. 3X 
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Fig. 6—Comparison of Microstructures of Base Metal Before Welding 
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Fig. 7—Comparison of Microstructure of Metal Immediately Adjacent 
to Weld, Showing Effect of Heating During Welding 
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Fig. 8—Comparison of Microstructure of Metal at Line of Fusion. 
Arrows Point to Line of Fusion 


Weld Weta] Mate with Bare Gast Irom Rot. Yrinell Mardners 532. 
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Fig. 9—Comparison of Weld Metal Microstructures Made Jwith 
Different Metallic Electrodes) 
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the typical weld structures produced by the rods. The 
steel rod, with its organic-mineral extruded coating, 
produces weld metal that is smooth and continuous on the 
surface, but porous. This porosity is due to the reaction 
of the carbon in the cast iron with the iron oxide present 
in the low carbon steel rod. The penetration of the 
metal from the two sides was not sufficient to join the 
edges of the test plates, leaving the openings seen. 
Using the bare cast-iron rod, the surface of the weld 
metal again appears continuous, but the section shows it 
to be porous. Again, the penetration is insufficient to 
weld the two edges completely. The section of the weld 
produced using the alloy coated rod shows it to be free of 
porosity, with deep penetration. The contour of the 
weld indicates that the metal was very fluid. 

These same welds, magnified five times, are shown in 
Fig. 5. In addition to a better study of the appearance 
of the welds, the hardness of the metal and of the zones 
immediately adjacent to them is given. Comparing 
these Brinell hardness numbers to Fig. 1, only the weld 
produced with the alloy coated rod is machinable. The 
weld produced with the steel rod is uniformly hard. 
This is the result of the admixture of steel and iron. 
The bare cast-iron rod produces a weld that has hard 
spots in it, especially next to the line of fusion where the 
chill was most rapid. This rod, with the analysis shown 
in Table 1, would, with normal cooling rates, produce 
graphitic metal. 


Table 1—Chemical Analysis of the Cast-Iron Welding Rods 
Carbon Manganese 
3.37% 0.49% 


Phosphorous 
0.885% 


Silicon Sulphur 
3.11% 0.060% 


Using the rod bare, the oxygen of the air reduces the 
silicon content, and the rapid cooling makes the weld 
hard. Using the same rod, coated with carbon and 


ferro-silicon, the weld metal is uniformly soft and ma- 
chinable. 


VI. MICROSTRUCTURES OF CAST IRON BEFORE 
AND AFTER WELDING, WITH FUSION LINE AND 
WELD METAL STUDIES 


The quarter inch cast iron plates used as test speci- 
mens had different microstructures, as shown in Fig. 6. 
The photomicrographs at 100, 500 and 1000 magnifica- 
tions indicate that the structures of the plates were 
sufficiently similar to give comparable welding tests. 
Other tests have shown that the hardness of test plates 
does not influence the hardness of the welds produced 
by the alloy coated cast-iron rod. Through the medium 
of the coating, carbon and silicon are added in such 
amounts that the weld is always soft and machinable. 

The metal welded using the steel rod is characterized by 
the fineness of its graphite and the fine lamillar pearlite. 
Its Brinell hardness of 255 indicates its close structure. 
The test plates used with the bare cast-iron rod weld 
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have a coarser graphite structure with massive pearlite. 
While the chemical analyses of the two plates are prob 
ably nearly the same, the Brinell hardness of 228, and the 
microstructure, indicate that it was slowly cooled. 
The test plates welded with the alloy coated rod were 
soft, with a Brinell hardness of only 126, and were fer 
ritic. The almost complete absence of pearlite, and the 
large, coarse graphite flakes in the ferrite account for this 
low Brinell hardness. 

When cast iron is electrically welded, the metal im- 
mediately adjacent to the weld is heated to its softening 
point. Some carbon is dissolved, and upon cooling, 
cementite is again formed, and pearlite reformed. The 
rate of cooling, and the analysis of the iron controls the 
structure and hardness of this zone. In Fig. 7, the cast 
iron increased in hardness next to the weld when heated 
during welding with the steel rod. The graphite flakes 
are smaller than before welding, and the pearlite is 
poorly formed, with fine laminations. The metal ad 
jacent to the weld made with the bare cast-iron rod be- 
came slightly softer. The graphite remains nearly the 
same, and the pearlite similar. The highly ferritic iron, 
welded with the alloy coated cast rod, was made some- 
what harder due to the formation of some pearlite 
The graphite was not so massive, and the matrix was 
approximately fifty per cent pearlite and fifty per cent 
ferrite. 

The lines of fusion of the welds are shown in Fig. 8. 
Only the weld metal made with the alloy coated rod 
shows any graphite in the weld at the line of fusion. 
The weld made with the steel rod shows some porosity 
and oxides. The porosity at the line of fusion of the 
weld made with the bare cast rod is typical of the results 
obtained with this rod. The weld metal shows no 
graphite formation, and the Brihell hardness tests show 
the metal to be cementitic. The fusion line made with 
the coated rod shows no quick change to hard brittle 
metal. The line of fusion contains graphite in a finely 
dispersed state. 

Great differences in the microstructures of the weld 
metals are seen in Fig.9. The weld metal made with the 
steel rod shows some oxides in a matrix of poorly defined 
pearlite, and some massive cementite. The weld made 
with the bare cast rod shows no graphite, only pearlite and 
cementite. Very fine graphite is seen in the weld pro- 
duced with the coated cast-iron rod. The matrix of pear- 
lite shows it to have a close structure, of high strength. 


SUMMARY 


Successful welding presupposes that the weld will have 
the same strength and physical properties as the metal 
being joined by the operation. The use of a steel rod for 
welding cast iron is therefore not recommended. The 
use of the cast-iron rod, with the proper coating that 
produces a gray, machinable weld, is good welding prac 
tice. This coating leaves no slag that must be removed 
in case multiple passes are required to build up broken 
machine parts. Thus it functions as a nearly pertect 
welding rod for either A.C. or D.C. operation 
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THE FUNDAMENTAL NATURE OF 


By D. E. BABCOCK and S. A. BRALEY 


Welding—III 


Effects of Various Alloying Elements, Fluxes and Slags in 
Arc-Welding Rods 


HE literature in the field of are welding is 

l abundant. To cover completely each phase of 

the literature would be beyond the scope of this 
investigation and time alone would not permit. How- 
ever, sufficient of the literature has been covered to 
furnish ample proof of either the accuracy or the limita- 
tions of the literature already presented herein. It is 
the object of this selected review to present a clear and 
coordinated picture of the state of both the physical and 
chemical research in this field as presented in the pub- 
lished literature now available. 

The scope of any investigation in such a broad field 
of study as are welding must of necessity be confined 
to some rather limited phases of this very general field 
of investigation. This particular study is being con- 
fined to the subject of the fundamental nature of the 
arc-welding process and how good welds are produced. 

Many investigations have been carried out which 
have been directed toward the determination of the 
effects of the various elements in the welding rods on 
welding and the welds obtained when various amounts 
of these were present. The elements commonly found 
in welding wire used are carbon, manganese, silicon, 
phosphorus, sulfur and copper with traces of other ele- 
ments present as residual alloys in the steel as produced 
with small amounts of oxygen, hydrogen and nitrogen. 
The process of welding involves the remelting of the 
metal under slagging conditions in a gaseous atmosphere. 
This sort of remelting process usually involves changes 
in the composition of the metal of the welding wire as 
it is deposited in the form of weld metal. 

The average residual carbon content of different kinds 
of welds, according to Patterson,' was 0.02 to 0.04% 
for bare wire; slag coated 0.03 to 0.055%; and for slags 
containing organic matter 0.05 to 0.075% carbon. 
Zimm* in reviewing present-day welding practice states 
that the carbon content is usually below 0.2%. This 
was in accord with Akins* who gave as the carbon range 
0.05 to 0.20%. Helin‘ set this limit in about the same 
range assigning the value of 0.25% above which he found 
adverse effects for the increased carbon contents. With 
the usual electrode in welding with which losses of carbon 
and manganese amount to 10% and 2.5%, respectively, 
it may be considered that the reactions of oxidation are 
nearly in equilibrium at the moment of freezing of the 
metal. At equilibrium every concentration of carbon 
and manganese corresponds to a certain concentration 
of oxygen, these elements decreasing with increasing 
oxygen content. Furthermore, Helin indicated that the 
greater the manganese losses the greater was the proba- 


* Contribution from the Pittsburgh Steel Company Fellowship of Mellon 
Institute. Submitted to the Fundamental Research Division, Welding 
Research Committee 


bility of the carbon oxidation with attendant porous 
welds. 

In the work of Okamoto, Nishimura and Katayama,’ 
it was reported that the reactions in arc welding were 
too rapid to permit the derivation of equilibrium con- 
stants. The carbon, manganese and oxygen contents 
of the deposited metal were determined when commer- 
cially coated rods were used. The are voltage and cur- 
rent were varied with the result that an increase of either 
the current or the voltage reduced the carbon and the 
manganese content of the weld metal and increased the 
oxygen content. 

Loss of 70 to 75% of the carbon content of rods con- 
taining 0.65% carbon when used for arc welding was 
found by Zeyen® using either bare or coated rods and 
alternating-current or direct-current welding. The loss 
in carbon was 20% less with three-layer deposits than 
with single layers. 

Conditions of carbon loss similgr to those observed 
by Patterson,' Helin‘ and Zeyen® have been reported by 
Notvest.?. The losses of carbon varied from 75 to 85% 
of the amount present when used as a bare welding rod 
and when coated the losses amounted to from 40 to 50%. 

Brennecke*® produced butt and fillet welds in medium- 
carbon steels of 0.4 to 0.6% carbon, 0.6% manganese and 
0.25% silicon in half-inch plates with 0.160-inch welding 
rods with the same physical properties as the unwelded 
plate and with absence of blow-holes due to carbon 
monoxide and without cracks. 

Blow-holes and generally greater porosity accompany 
the use of higher-carbon contents in the welding elec- 
trodes according to Becker’ who studied welds made 
with four different rods whose carbon ranged from 0.08 
to 0.32%. Most of the carbon was lost from the weld 
metal deposited. Consideration has been given to blow- 
hole formation by Meunier and Rosenthal.'® Their 
studies of the microstructure of welds showed that blow- 
holes could be prevented in medium carbon steels by 
using properly coated electrodes, although no coating 
compositions were given. 

Blomberg"! treated the problem of blow-holes in welds as 
a problem of metallurgical casting and suggested the same 
methods be employed to overcome blow-hole formation. 

Ronay™ states that the higher the carbon content of 
the electrodes, whether used bare or coated, the higher is 
the melting rate. The characteristic drop frequency and 
drop volume changed with the carbon content, the 
former increased and the latter decreased as the carbon 
content was raised. Spraragen and Claussen'*® made 
extended studies of the effects of rod composition on the 
structures of welded joints with particular reference to 
the carbon/manganese ratio and concluded that it was 
without significance. 
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Manganese in steel is primarily a deoxidizing element. 
Its oxidizability is of the same order in welding as in the 
steel-refining processes according to Séférian,'* the losses 
of the deoxidizing elements during welding averaging 40 
to 50% for manganese, 35 to 50% for carbon and 70 to 
S0% for silicon. Increasing the manganese of the 
welding rods was found by Okada!® and Hoffmann'* to 
reduce the oxygen contamination of the weld. Leitner!’ 
indicated that at least 1.7% of manganese was necessary 
to prevent blow-hole formation. An amount of man- 
ganese such as this or higher to as much as 2%, Harris!*® 
believed not to be harmful in welding rods of mild steel. 

Blomberg"! asserted that manganese is less active than 
silicon in avoiding blow-holes in electrodes with neutral 
coatings of pure hornblende asbestos, and with 3% 
manganese content in the rods complete freedom from 
blow-holes was experienced. It was further stated that 
manganese is less effective than silicon in preventing 
blow-holes. High manganese may be desirable, but 
according to Streb and Kemper’® this must be qualified 
by pointing out that excessive manganese causes exces- 
sive slag formation. 

Sveginzev*® tried electrodes of 1.45% manganese 
and their coating consisting mainly of pyrolusite ore 
gave no better results than electrodes which contain 0.3 
to 0.5% manganese because most of the manganese had 
burned out during deposition. When bare electrodes 
of 1.6% manganese were tried by Hoff?! manganese to 
the extent of 0.82% was found in the weld metal and 
good effects were obtained. Becker? further increased 
the manganese contents of the welding rods with adverse 
effects. Bokio”® investigated the effects of the carbon 
and manganese contents of the coatings on the nitrogen 
and oxygen contents in the weld metal and pointed out 
the fact that these equilibria were closely connected. 
These equilibria were also considered by Moses** who 
found that with coated rods containing 0.44 to 0.50% 
manganese of which only 0.01% was manganese, oxide 
was present in the metal whereas with bare electrodes 
only 0.10 to 0.13% manganese was found in the weld 
metal. 

Besides carbon and manganese, silicon is found in the 
weld metal. It is present in the fluxes as silicates, and 
in general silica is most abundant of the acidic oxides 
present in either the coating or the slags. The equilib- 
rium trends between the slags and the weld metal with 
basic fluxes tend to deprive the deposited metal of both 
manganese and silicon. However, acidic slags usually 
containing high percentages of silicon dioxide tend to 
preserve the manganese and increase the silicon content 
of the weld metal through are reduction, Shepherd and 
Moritz*® reported. The same equilibrium conditions 
were studied by Losana and Jarach*® and by Pilarezyk?’ 
who were investigating the relation of the silicon and 
manganese contents of the weld metal to that of the 
slags and the fluxes. 

Silicon as an alloying element is a powerful deoxidizing 
element, an effect which is clearly shown by the thermo- 
dynamic investigations of Chipman.?* This property of 
being a good deoxidizer is quite in agreement with state- 
ments by Chapman’® as to the difficulty of controlling 
the silicon content in alloying amounts and as to its ease 
of oxidation. 

It has been noted by Blomberg" that silicon, man- 
ganese and aluminum are all used in controlling ingot 
blow-holes but of these only aluminum is not used in 
welding rods. Silicon is more effective than manganese 
in this property and the reaction of iron oxide with 
carbon may be largely overcome by adding silicon ac- 
cording to Epstein, Nead and Halley.*° 

Such added silicon reacts with the iron oxide to form 
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silicon dioxide. The amount of the silicon dioxide 


present in the metal varies with the kind of rod used 
and its analysis. Investigations by Hoyt,*' who em- 
ployed fractional oxygen determinations by means of the 
vacuum fusion method, has shown that bare electrode 
deposited metal analyses 0.01% silicon of which 98% is 
present as silicon dioxide and with metal deposited with 
coated electrodes of 0.20% silicon present 75% of it 
was metallic. Conditions such as these indicate well 
the deoxidizing power of silicon, and it would be ex- 
pected that Leitner’? would report steel of 0.6% silicon 
to weld with less porosity than lower silicon steels. The 
oxygen absorption which was reported by Séférian**"* 
to be decreased as the silicon and manganese contents of 
the base metal were increased, further supports the data 
of Chipman,”* Hoyt*! and others. The high silicon 
content in the deposited metal was reported to give the 
best results and good physical properties by Reeve** and 
somewhat contradictory claims for silicon were made by 
Swinden.** Of particular interest in Reeve’s data was 
the fact that with the shielded are with 0.25% silicon 
and 0.54% manganese, the nitrogen was low, being about 
0.01%, and with 0.014% silicon and 0.09°% manganese, 
the nitrogen varied from 0.04 to 0.18% nitrogen 

An investigation by Chipman*® on the solubility of 
nitrogen in liquid iron showed that the velocity of the 
solution of nitrogen was greater with the presence of 
silicon as well as aluminum, and that conversely if the 
velocity of solution was greater the velocity of the evolu- 
tion may be correspondingly rapid. This, Chipman**® 
indicated, may affect the porosity of weld-metal deposits 
and should be considered in any welding investigation. 

Phosphorus and sulfur either individually or combined 
have rather generally been regarded as nuisance elements. 
The effects of phosphorus in “welding have been men- 
tioned by Howe*’ and Kemper.** 

Rosenthal*® concluded that these elements were harm- 

ful and cause brittleness and that sulfur in moderate 
amounts usually tolerated in steel for construction was 
not harmful. Rosenthal set the maximum for sulfur 
at 0.06% and phosphorus, on the other hand, should not 
exceed 0.04% as brittleness of the base metal at the edge 
of the weld results. It was chiefly to phosphorus that 
the development of cracks was attributed. Bollenrath 
and Cornelius*® and literatures cited in a review by 
Lohmann“ have stated that the opinions advanced on 
all sides concerning the damaging effects of sulfur and 
phosphorus alone, or in high sulfur steels with phos- 
phorus, on the occurrence of cracks were regarded with 
skepticism in view of the absence in many countries of 
strict regulation of sulfur and phosphorus. The effects 
of these elements were of greater importance in the steel 
being welded than in the welding rods and the deposited 
metal. The data agree with the results of the studies of 
Streb and Kemper**'® wherein they state that trom 
0.05 to 0.10% phosphorus was not harmful although they 
suggested it be kept below 0.05%. As in any other 
steel, phosphorus increased the physicals excepting 
elongation, which it reduced linearly as the phosphorus 
increased. The tensile strength was increased to about 
0.20% phosphorus. Sulfur of 0.03 to 0.04% was not 
bad, although it caused failure under hot bending condi 
tions. 
- Akins* found that during the welding the sulfur and 
the phosphorus in the weld metal remained the same as 
that in the wire. The same condition was observed by 
Notvest:? however, there were cases of deviation which 
should have been considered for reason of their devia 
tions. 

One phase of the study of are welding which has been 
investigated extensively is the effect of nitrogen. The 
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element nitrogen in solid solution in ferrite is an age- 
hardening element, and in this light was investigated by 
Hensel and Larsen,*® by Notvest,’ Comstock,**® Fuchs, *? 
Miller,*® Shamovskii and Prokhorov,*’ Boitsev and Soro- 
kin,®® Larsen,*' Doan and Schulte,®* Séférian and Porte- 
vin®* and numerous others. Most of these investiga- 
tions have been directly concerned with the amounts of 
nitrogen absorbed and the conditions limiting absorption 
which under arc-welding conditions may be controlled 
or limited by the following conditions according to 
Miller :*8 


1. Increased carbon content of the rod. 
Increased current. 


to 


3. Shorter arc length. 

4. Increased electrode diameters. 
5. Reducing atmosphere. 

6. Heavy electrode coatings. 


The nitrogen appears to be absorbed from the gas as 
atomic nitrogen and not directly as molecular nitrogen. 
This absorption of nitrogen could readily occur under 
such conditions as cited in Electric Welding®* which 
indicated the molecular nitrogen to be dissociated at 
various temperatures as follows: 


Temperature, ° C. Per Cent Dissociation 


3700 2.0 
5700 80.0 
6200 Practically complete 


Chipman* investigated the solubilities of nitrogen in 
molten iron; the data obtained were quite accurate. 
However, the most interesting effects observed were 
the changes in the rates of nitrogen absorption or solution 
and its relation to the presence of small amounts of 
aluminum and silicon. Both of these elements increase 
as much as from ten- to twenty-fold the rate of solution 
of nitrogen by molten iron. These effects in them- 
selves are much larger in magnitude than the tempera- 
ture coefficient of the uncatalyzed solution rate. An 
unpublished communication by this author brings atten- 
tion to the fact that the aluminum and silicon should 
increase equally well the rate of exsolution of nitrogen 
and hence be effective in blow-hole formation and elimi- 
nation. The catalytic effects of other agents such as 
zirconium, chromium, molybdenum, vanadium, uranium, 
titanium, aluminum, etc., have been mentioned before 
by others'® but without quantitative studies of the 
kinetics of the process. 


PHYSICAL PROPERTIES OF MOLTEN IRON 


In molten iron the problem of the fluidity or viscosity 
has a very important bearing on its castability in mold- 
ing operations. Oberhoffer and Wimmer*® investigated 
the effects of phosphorus and silicon on the viscosity of 
a 2.62% carbon-iron alloy. They found the viscosity of 
these alloys to be reduced by phosphorus, increased 
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slightly by manganese and to a great extent by sulfur, 
Experiments by Saito and Matsukawa*® inferred that 
phosphorus, carbon, silicon and manganese lower the 
viscosity, which was considerably raised by sulfur. The 
behavior of the fluidity appeared to be in direct relation 
to the equilibrium diagram. The characteristic tendency 
of the elements to decrease the melting point of the iron 
seemed to be in direct relation to its ability to increase 
the fluidity. Hence, from data on the relative freezing- 
point depression per unit weight of elements present, we 
may estimate the effect of each element in increasing 
the fluidity. A comparison of the published data on 
phase diagrams for the iron alloy systems and data 
concerning the freezing-point depression of molten iron 
by the addition of various alloying elements showed 
these data to be in accord. The depression of the freez- 
ing point per one per cent of the alloying element added 
is as follows: 


Element Added to 
Molten Iron 


Lowering of the 
Freezing Point 


1% Carbon 80.5° C. 
1% Phosphorus 25.0 
1% Silicon 15.0 
1% Nickel 6.7 
1% Sulfur 6.7 
1% Manganese 2.8 
1% Chromium 


The interrelation of fluidity and surface tension cannot 
be overlooked. Doan*’ showed the  surface-tension 
effects present in pure iron welding in argon and con- 
siders this problem theoretically. It was pointed out 
that the growth of large droplets interferes with melting 
of the welding rod metal. These changes were found 
to vary as much as 50% in the presence of surface active 
materials. The method of checking these effects was 
by drop formation and the change$ in the current values. 

Since finer droplets result in the increase of metal 
melting and increase ultimately the rate of metal depo- 
sition, the factors affecting fluidity become of economic 
and commercial importance. Larson®* further investi- 
gated the mechanism of metal transfer and determined 
the velocity of the droplets emitted as a spray. These 
droplets so emitted traveled from 4 to 16 feet per second 
with an average velocity of 9 feet per second. The small 
droplets approached speeds of 128 feet per second. The 
drop frequency was as follows: 


Diameter—Inches Rel. Frequency 


0.01 inch l 
0.005 inch 6 
0.001 inch 100 
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Work by Doan and Weed** demonstrated essentially the 
same conditions as reported by Larson. 

Since the droplet of metal and the mechanism of 
transfer have been demonstrated to be a mixed liquid 
and vapor transfer of metal and slag, the conditions in- 
volved in the gain or loss in the chemical composition of 
the weld metal during deposition should be more readily 
interpreted. The effects of the surface tension of the 
metals, slag viscosity, drop formation and coalescence 
should all be apparent in the results obtained in varia- 
tion of welding conditions. 


APPARATUS 


[he apparatus consisted of an arc-welding unit, a 
25- to 40-volt, 300-ampere machine driven by a 3-phase 
motor. Under standard operating conditions, the 
welding generator was rated as follows for various welder 
adjustments: 


Light Heavy 
Coated Rods Coated Rods 
Are Voltage 25 40 
Open Circuit Voltage 65 65 
Setting amperes amperes 
A 90 
B 130 90 
C 175 130 
D 225 160 
E 250 190 
F 300 230 
G 350 275 


In conjunction with the welder unit, an automatic 
timing device was employed. The circuit is illustrated 
in Fig. 1. The voltage drop across the resistance R of 
100 ohms (200-watt capacity) was tapped at the variable 
sliding contact to provide a potential sufficient to 
operate the relay S (a 4-volt radio keying relay). The 
voltage of the welding generator on open circuit was 65 
volts and the resistance R was so adjusted that the 
potential across the relay terminals will open the relay 
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and keep it open so long as the generator was not under 
load. 

When the welding was begun the voltage dropped, 
due to the welding load, and the relay, not having suffi- 
cient power to operate it, closed the circuit to the electric 
stop watch (standard electric timer S-100). The relay 
was closed so long as welding was in progress, thus giving 
an accurate value for the total time the welding was 
being done. 

One small handicap was that the clock also included 
the time during which the are was short-circuited, intro 
ducing a small error. Since with good welders this error 
was small, it would be without ultimate significance in 
the data. 

The electrodes employed were all */;, inch in diameter 
and either 14 or 18 inches long, and the same welder 
setting was used to afford direct comparison of these 
rods under as nearly identical conditions as possible. 

The voltage at the electrodes was measured by means 
of a voltmeter, connected directly across the electrode 
grip and ground-plate connection, giving the voltage 
across the are except for a small error due to the electrode 
voltage drop itself. 


EXPERIMENTAL TEST PROCEDURE 


Test-plates have been prepared from § in. x 6 in. x | 
in. pieces of flange steel by cutting three equally spaced 
and identical slots 8 inches long with sides sloping at 
60°, 1'/s inches wide at the top, */, inch deep and */s inch 
wide at the bottom as illustrated in Fig. 2. 

The test-plate was then weighed. 

A sample of ten 18-inch rods or twelve 14-inch rods, 
/y inch in diameter was selected and weighed. The 
automatic timer recorder was set and welder current 
and polarity setting was made. The time required to 
deposit each weld bead and to use each full length of 
welding rod was observed and recorded, along with cur 
rent and arc-voltage values for the particular welder 
setting under operating conditions. The length of the 
unused portion of each welding rod was taken. After 
completion of each weld bead (Fig. 3), the slag was re 
moved from the weld and samples were collected for 
analyses. The test-piece was then allowed to cool 
below 300° C. before depositing the next bead in the 
manner described in Fig. 2. 

The test was then examined for porosity, blow-holes, 
wetting effects and weld penetration. 

When the weld was completed and spattered metal 
removed, the plate was weighed again, and the total 
weight of the rod ends was determined. The total length 
of the wire in them was measured. The time required 
to complete the weld was taken, the rate of metal depo 
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sition was calculated, and the slag tests and ends of 
rod left were prepared for complete chemical analyses. 
The weld-metal tests were prepared to the specifica- 


tions as shown in Fig. 4. The test was strain relieved 


at 1200° F. for an hour. 


When the 2.5-inch middle section of the tensile test 
specimen was turned down on the lathe to 0.505 inch 
diameter, at each '/s-inch cut on the diameter taken 
on the lathe, the number and kind of holes appearing in 
the weld-metal specimens were noted and recorded under 


All-Weld Test Pieces Made from Various Types of Steel Coated with the Same Flux 


Chemical 
Cc 
Mn 
P 
Si 
Cu 
Physical 
Yield, psi 
Tensile, psi 
El. 2 in., % 
Re. A., % 
Slag residue 
SiO, 


Fe,O; 
Comments 
Rod bare 
Rod coated 
Flux 
Ends 
Metal 
Loss 
Lb. /hr. 
Current 
Time 


Chemical 


Mn 

P 

Ss 

Si 

Cu 
Physical 

Yield, psi 

Tensile, psi 


Re. A., % 


Fe,O,; 
Comments 
Rod bare 
Rod coated 
Flux 
Ends 
Metal 
Loss 
Lb. /hr. 
Current 
Time 
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Test 1 Test 2 Test 3 Test 4 
Rod Weld Metal Rod Weld Metal Rod Weld Metal Rod Weld Metal 
% % % % To % % % 
0.04 0.045 0.105 0.065 0.09 0.065 0.175 0.065 
0.13 0.39 0.38 0.48 0.42 0.50 0.68 0.58 
0.010 0.032 0.010 0.032 0.074 0.074 0.010 0.030 
0.032 0.026 0.030 0.027 0.034 0.034 0.027 0.032 
0.011 0.18 0.010 0.22 0.010 0.22 0.010 0.25 
0.11 0.11 0.98 0.11 0.06 0.12 0.06 0.10 
68,000 45,000 80,300 48,350 89,400 51,450 88,800 47,800 
78,600 60,400 80,300 64,700 89,400 64,900 88,800 67,000 
6.0 14 6.0 24 4.5 32.5 5.7 35.0 
64.0 27.4 59.4 33.3 57.0 52.2 49.6 62.3 
% % % % 
45.50 45.80 47.70 45.60 
12.50 11.80 11.70 11.10 
14.32 15.35 15.61 16.64 
0.015 0.015 0.022 0.016 
14.33 14.67 14.40 14.63 
0.90 0.70 0.50 0.50 
0.65 0.62 0.58 0.54 
0.013 0.014 0.014 0.015 
0.50 0.30 0.30 0.35 
7.53 7.16 7.68 7.30 
14.80 13.65 13.90 13.40 
1.43 1.71 1.29 1.00 
500 g. 500 g 500 g. 502 g. 
617 = 100% 616.5 = 100% 615 = 100% 616.5 = 100% 
117 = 18.9% 116.5 = 18.9% 115 = 18.7% 114.5 = 18.6% 
49.8 = 8.1% 68.8 = 11.1% 58.9 = 9g 6% 63.1 = 10.2% 
397.5 = 64.4% 368 = 59.8% 387.5 = 63.0% ° 368.5 = 59.8% 
= 86% = 10.2% = 8.7% = 11.0% 
4.28 3.89 3.87 3.57 


30-200 
736 Sec. 


30-200 
751 Sec. 


794 Sec. 


30-200 
819 Sec. 


Test 8 Test 13 Test 17 Test 18 
Rod Weld Metal Rod Weld Metal Rod Weld Metal Rod Weld Metal 
% % % % % % % % 
0.115 0.050 0.125 0.075 0.125 0.080 0.115 0.055 
0.48 0.51 0.46 0.50 0.52 0.51 0.31 0.47 
0.010 0.029 0.010 0.038 0.010 0.034 0.010 0.028 
0.027 0.029 0.034 0.032 0.030 0.032 0.027 0.025 
0.010 0.24 0.010 0.24 0.010 0.24 0.010 0.25 
0.09 0.07 0.10 0.11 0.08 0.11 0.05 0.07 
74,250 46,900 41,150 46,250 82,400 56,700 80,480 47,150 
78,600 65,200 79,360 65,000 90,500 66,700 84,700 65,650 
6.7 33 6.7 25 5.0 25 5.0 22.5 
61.7 55.7 56.8 37.8 57.7 40.3 60.6 30.4 
% % % % 
45.60 45.40 45.50 45.50 
11.20 11.60 12.10 11.20 
16.51 16.25 16.25 15.87 
0.016 0.014 0.015 0.016 
14.68 14.20 14.05 14.90 
0.60 0.60 0.50 0.50 
0.50 0.60 0.56 0.55 
0.015 0.014 0.015 0.013 
0.35 0.50 0.45 0.50 
7.25 7.33 7.04 7.64 
13.90 13.65 14.90 13.65 
0.57 1.438 0.71 O.85 
498 g. 492 514g 489 g. 
613.5 = 100% 609 = 100% 641 = 100% 606.5 = 100% 
1155 = 18.8% 117 = 19.2% 127 = 19.8% 117.5 = 19.4% 
§9.2= 9.7% 53.7 = 8.8% 75 = 11.7% 96 = YI8% 
373.5 = 60.8% 379.5 = 62.3% 377 = 588% 366 = 604% 
= 10.7% = 9.7% = 9.7% = 104% 
3.45 3.68 2.85 3.50 
30-200 30-200 28-160 30-200 
859 Sec. 817 Sec. 1049 Sec. 829 Sec. 


1940 


WELDING RESEARCH SUPPLEMENT 


JUNE 


q 
Fe 
MnO 
P 
Al,O; 
CaO 
MgO 
TiO, 
Na,O 
FeO 
Cc 4 
El. 2in., % 
Slag residue 
SiO, 
Fe 
MnO 3 
P 
Al,O; 
CaO 
MgO 
S 
TiO, 
Na,O 
FeO 
| i 


Test 19 Test 20 Test 21 
Rod Weld Metal Rod Weld Metal Rod Weld Metal 
Chemical % % % % % 
Cc 0.065 0.06 0.10 0.055 0.175 0.070 
Mn 0.36 0.50 0.45 0.54 0.52 0.56 
P 0.055 0.062 0.066 0.070 0.056 0.066 
S 0.034 0.031 0.034 0.031 0.028 0.026 
Si 0.010 0.20 0.010 0.21 0.010 0.29 
Cu 0.07 0.050 0.04 0.040 0.06 0.060 
Physical 
Yield, psi 49,270 49,700 52,550 
Tensile, psi 63,510 66,390 68,500 
El. 2 in., % 25 25 25 
Re. A., % 38.9 36 $1.5 
Slag residue % % % 
SiO; 45.50 44.70 44.10 
Fe 12.10 11.70 11.40 
MnO 14.50 14.70 15.22 
P 0.021 0.012 0.010 
Al,O; 12.90 14.50 13.88 
CaO 0.50 0.46 1.04 
MgO 0.10 0.15 0.15 
S 0.015 0.015 0.019 
TiO, 0.40 0.38 0.42 
Na,O 10.12 9.76 11.27 
FeO 12.99 12.87 12.87 
FeO; 2.86 2.43 2.00 
Comments 
Rod bare 
Rod coated 571.5 = 100% 571 = 100% 571.5 = 100% 
Flux 126 = 22% 125.5 = 22% 126 = 22% 
Ends 57 = 10% 64 = 11.2% 61 = 10.7% 
Metal 378.5 = 66.2% 367 = 64.2% 360 = 62.8° 
Loss = 1.8% = 2.6% = 4.5% 
Lb. /hr. 4.92 4.67 4.34 
Current 30-200 32-200 30-200 
Time 610 Sec. 623 Sec 657 Sec 
Test 1 Test 2 Test 3 Test 4 
Layer 1 5 holes Blister crater—3—pin 4 holes 3 pinholes 
2 Pinholes 3 pinholes 5 pinholes 3 holes 
3 Pinholes O.K. 1 pinhole Blister crater 
4 10 pinholes 3 holes 5 pinholes Many pinholes 
5 O.K. 7 holes O.K. 5 pinholes 
6 3 pinholes Blister crater O.K. O.K 
7 Pinholes—spongy crater O.K. 2 pinholes Blister crater 
8 2 pinholes Spongy crater 1 pinhole O.K 
9 Few pinholes O.K. Spongy crater O.K 
10 Holes O.K. O.K. O.K 
Turn down tests 
q Cut 1283 456 123456 123456 1234 t 
4 Holes S 11 30 12 115 200000 eisiis 1220 
Test 8 Test 13 Test 17 Test 18 
Layer 1 O.K. 6 holes Fair O.K 
2 Blister crater 6 holes 3 holes O.K 
3 O.K. Bad holes 1 pinhole O.K 
4 O.K. Bad holes 1 pinhole—blister crater 1 pinhole 
5 O.K. O.K. Few pinholes Few pinholes 
6 O.K. 2 pinholes 2 pinholes OK 
7 O.K. Blister crater O.K. O.K 
& O.K. O.K. O.K. O.K 
9 O.K. O.K. O.K. 2 small pins 
10 O.K. O.K. O.K. O.K 
Turn down tests 
Cut 123456 123456 123456 2 } t 
Holes 20103 423110 6231120 2 
Test 19 Test 20 Test 21 
Layer 1 Small crack 2 pinholes O.K 
2 1/,-in. crack 1 pinhole 1 hole 
3 Few cracks and pinholes O.K O.K 
4 Few pinholes Few pinholes Few pinholes 
5 O.K One pinhole O.K 
6 O.K. 1 hole O.K 
7 O.K O.K OK 
O.K. O.K O.K 
O.K. O.K O.K 
10 O.K. O.K. O.K 
Turn down tests 
Cut 2345678 12343978 12234656 
Holes 05211011 RESERSEG, 34201 
4 All very small All very small but 1 I'wo fairly large—best very small 
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Relative Mol-Fractions in Slag 


Test 1 Test 2 

% Mol-Fraction %  Mol-Fraction 
SiO, 45.50 0.51327 SiO 45.80 0.51654 
Fe 12.50 0.15259 Fe 11.80 0. 14407 
MnO 14.32 0.13861 MnO 15.35 0.14755 
P 0.015 0.00033 P 0.015 0.00033 
ALO; 14 33 0 0953 Al,O; 14 67 0 09812 
CaO 0.90 0.0109 CaO 0.70 0. 00806 
MgO 0.65 0.0109 MgO 0.62 0.01048 
0.013 0.00028 Sal 0.014 0.00030 
Ti0, 0.50 0.00427 TiO, 0.30 0.00256 
Na,O 7.53 0.0823 Na,O 7.16 0.07875 
FeO 14.80 0. 13960 FeO 13.65 0. 12955 
Fe.O3 1.43 0. 00607 Fe.O; 1.71 0.00730 

Test 8 Test 13 

 Mol-Fraction %  Mol-Fraction 
SiO, 45.60 0. 50689 Si0, 45.40 0. 50589 
Fe 11.20 0.13390 Fe 11.60 0.13903 
MnO 16.51 0.15540 MnO 16.25 0. 15332 
P 0.016 0.000385 P 0.014 0. 000380 
AlLOs 14.68 0.09615 Al,O; 14.30 0.09388 
CaO 0.60 0.00714 CaO 0.60 0.00716 
MgO 0.50 0. 00828 MgO 0.60 0. 00996 
Sal 0.015 0.00081 Sal 0.014 0.00029 
TiO, 0.35 0.00292 TiO, 0.50 0.00419 
Na,O 7.25 0.07808 Na,O 7.33 0.07913 
FeO 13.90 0.14209 FeO 13.65 0. 13988 
Fe.Os 0.57 0.00238 FeO; 1.48 0. 00600 

Test 19 Test 20 

%  Mol-Fraction % Mol-Fraction 
SiO, 45.50 0.46649 SiO, 44.70 0.45975 
Fe 12.10 0.13343 Fe 11.70 0. 12943 
MnO 14.50 0. 12588 MnO 14.70 0. 12802 
P 0.021 0.00042 P 0.012 0.00024 
CaO 0.50 0.00549 CaO 0.46 0. 00507 
MgO 0.10 0.00152 MgO 0.15 0.00230 
Sil 0.015 0.00029 Sil 0.015 0.00029 
TiO, 0.40 0.00308 TiO, 0.38 0.00294 
Na,O 10.12 0.10052 Na,O 9.76 0.09725 
FeO 12.99 0.12248 FeO 12.87 0.12173 
2.86 0.01108 2.43 0.00940 


the observations referred to as the “turn down tests’’ 
or weld-metal ‘‘step down tests.’’ The test was then 
pulled in tension and its physicals determined. One end 
of the test-bar machine section was then analyzed 
chemically. The porosity of the tensile test was again 
observed and recorded along with the type of fracture 
resulting. 

The final comparisons of the chemical analyses of the 
rods used, the slag obtained and the weld metal were 
made to determine what changes had occurred during 
welding and what, if any, equilibrium conditions may 
have existed in the slag-metal system formed. 


DISCUSSION OF THE DATA 


The data as obtained from these eleven tests gave 
little direct evidence of outstanding character which 
would account for the porosity of the weld-metal de- 
posits. In order to detect the correlations which might 
exist between blow-hole formation and the chemistry of 
the welding rod and weld-metal-slag system, a graphic plot 
(Fig. 5) was made with one coordinate used to indicate 
the number of blow-holes found in the ‘‘turn down”’ tests 
and the other the percentage of the elements present in 
the welding rod or the change in the composition during 
the deposition of the weld metal. In both curves for 
carbon and manganese the per cent of these elements in 
the rod and the difference between the percentages of 
these elements in the rods and the weld were to each other 
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Test 3 Test 4 
% Mbol-Fraction % Mol-Fraction 
Sid, 47.70 0.52624 SiO, 45.60 0.5145: 
Fe 11.70 0. 13884 Fe 11.10 0. 1347) 
MnO 15.61 0.14583 MnO 16.64 0. 15899 
Pp 0.022 0.00047 P 0.016 0.00035 
ALO; 14.40 0.09360 Al,O; 14.63 0. 0972% 
CaO 0.50 0.00591 CaO 0.50 0.00604 
MgO 0.58 0.00953 MgO 0.54 0. 00907 
Syl 0.014 0.00029 Sul 0.015 0.00033 
TiO, 0.30 0.00248 TiO, 0.35 0.00297 
Na,O 7.68 0.08209 Na,O 7.30 0.07980 
FeO 13.90 0. 12820 FeO 13.40 0.12641 
1.29 0.00535 FeO; 1.00 0.00425 
Test 17 Test 18 
%  Mbol-Fraction % Mol-Fraction 
45.50 0. 50693 SiO, 45.50 0. 50681 
Fe 12.10 0.14500 Fe 11.20 0.13418 
MnO 16.25 0. 15830 MnO 15.87 0. 14968 
P 0.015 0.00032 P 0.016 0.00035 
ALO, 14.05 0.0922: Al, O; 14.90 0.09778 
CaO 0.50 0.00597 CaO 0.50 0.00597 
MgO 0.56 0.00929 MgO 0.55 0.00913 
0.015 0.00031 Sul 0.013 0. 00027 
TiO, 0.45 0.00377 TiO, 0.50 0.00419 
Na,O 7.04 0.07600 Na,O 7.64 0.08245 
FeO 14.90 0. 15267 FeO 13.65 0. 13982 
Fe.O; 0.71 0.00298 Fe.O; 0.85 0.00356 
Test 21 
%  Mol-Fraction 
SiO 44.10 0.48794 
Fe 11.40 0.13566 
MnO 15.22 0.14259 
P 0.010 0.00021 
13.88 0.09048 
CaO 1.04 0.01232 
MgO 0.15 0.00247 
Sil 0.019 0.00039 
TiO, 0.42 0.00350 
11.27 0.12081 
FeO 12.87 0.13095 
Fe.O; 2 00 0.00833 


as mirror images. Hence, by the nature of this it ap 
peared that a mean or apparent equilibrium value for 
carbon and manganese could be established. It was so 
and this value was found to be 0.067% carbon and 
0.52% manganese. 

As the blow-holes increased in number, a tendency to 
decline was noted in the carbon losses of the welding 
rods. The effects of silicon were not readily observable 
from the data presented although there seemed little 
doubt of its deoxidizing power in the weld metal. 

In accord with previous notations concerning the 
effects of phosphorus on welding the data relating to 
phosphorus were plotted as shown in Fig. 6. When 
noting the peculiar shot grouping of these points and 
their distribution on both the curves of the rate of metal 
deposit and the metal loss versus the phosphorus content 
seemed to indicate the presence of two distinct slag-meta! 
systems, not a simple function of phosphorus alone. _ The 
presence of an odd point belonging to the same slag- 
metal system is illustrated by the dotted line drawn in 
to show the probable slope of the curve in a single slag 
system where phosphorus would be the only variable 
The curves, however, do indicate some benefit resulting 
from the phosphorus additions. 

The compositions of the slags were then examined b) 
determining the average composition of the entire group 
and those showing wide deviations were closely scrutt- 
nized. It became apparent that the high sodium-oxide 
content slags were at variance to the lower sodium-oxue 
content slags. 
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NUMBER OF BLOW HOLES 
Fig. 5 


The slag-metal systems were then separated and the 
data plotted using metal loss versus the carbon contents. 
Since the iron carbide-iron oxide reaction would be the 
main cause of the boiling and sputtering of the electrode 
during welding, the graph in Fig. 7 was then obtained. 
The sodium-oxide rich slags markedly reduced the 
metal losses during welding but in both slag systems 
increasing the carbon content increased the metal loss 
in almost a direct relation to the carbon content, if such 
an interpretation can be considered fair to so limited 
data as are herein presented. 

Comparing these data of the pounds of metal de- 
posited per hour versus the per cent carbon content in 
the rod for each slag system, a definite decline in the rate 
of metal deposition is observed as the carbon in the rod 
is increased, a condition in direct contrast to the data 
of Ronay.'? The higher sodium oxide slags show mark- 
edly superior rates of metal deposition, but the decline 
effected by increased carbon was still apparent as shown 
in Fig. 8. 

The plot of the mol-fraction of the manganese oxide 
in the slag versus the manganese content of the weld 
metal was made and appears in Fig. 9. The dotted line 
slopes indicate the average ratios in the two slag systems. 
They are plotted using two different scales for the mol- 
fraction in order to get them on the plate. The scale 
on the left is for the left curve and the scale to the right 
of the graph is for the curve on the right-hand side. 
The curve on the right is displaced toward the direction 
of increased effective activity of the manganese oxide 
contents of the slags rich in sodium oxide. The lowered 


activity of the activities of the manganese-oxide con 
tents of the slags may then be observed in the slags of 
lower sodium-oxide concentration. These curves are 
nearly parallel. There are two points, one very low in 
manganese, and one point where the rod had very high 
manganese content which do not give ratios which corre 
spond to the slopes of the lines as dotted in on the graph 
The lowest point had to pick up large amounts of man 
ganese and never reached the estimated point on the 
curve, and the high manganese rod had to lose man- 
ganese to such an extent that the slag systems were 
changed markedly in both cases and varying results were 
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obtained. Curves, however, could be drawn through 
all of these points belonging to the same slag system and 
the line slope would then cross the manganese mol- 
fraction coordinate at some point above the origin 
indicating that a definite portion of the manganese oxide 
must be present before there was sufficient of it to be free 
for distribution in the metal of the weld. The effect of 
the sodium-oxide addition to the slag system would then 
seem to lie in its ability to displace the manganese oxide 
and also iron oxide from combinations with the acidic 
components of the slags and effectively increase their 
activities in so doing. 

It also becomes apparent that more information must 
be sought if an understanding of blow-hole formation 
and the factors affecting weld-metal porosity are to be 
understood and satisfactorily interpreted. 
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the flame on the casting during welding Métallique, April 1940, pp. 181-189) that 


The following discussion of the section encourages porosity and brittleness. A research is planned with the assistance of 
on Die Castings in the review of literature soft, mellow flame and unhurried welding the Belgian Funds for Scientific Research 
on Welding Zinc, page 214-s, was con- without puddling produce a good weld.” to study eleven types of welded rigid 


tributed by R. H. Ogden, Alladin Rod 
and Flux Mfg. Company, Grand Rapids, 
Michigan. The discussion was received 


connections. The specimens will be full 
size and will be subjected te (1) extensom 
eter surveys to determine stress distribu 


too late for consideration in the review. 
“Vee the broken parts of the zinc-base 
die casting by filing or grinding. Use a 
tip 0.0250 in. diameter (72 drill) with 
1 to 2 Ib./in.* oxygen and 3 to 4 Ib. /in.? 
acetylene. Adjust the flame to an ex- 
treme excess of acetylene with just enough 
oxygen to clean the flame, which should 
be about 1 in. long. Direct the flame at 
one side of the joint until melting begins. 
Insert the filler rod in the flame. Heat 
the rod by holding the flame parallel with, 
and slightly above, the weld, directing the 
flame alongside the rod. The casting and 
the filler rod should flow as one. Playing 
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CORRECTION 


On page 186-s of the May 1940 Welding 
Research Supplement the last sentence 
above the heading ‘Torch Adjustment”’ 
in the right-hand column should be de- 
leted. The experiments of Schimpke and 
Horn were performed only with methane 
and hydrogen, as stated on page 190-s. 


BELGIAN RESEARCH 


Professor F. Campus of the University 
of Liége announced recently (L’Ossature 
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tion, (2) static load tests to failure, (3) 
fatigue tests to failure. In the tests an 
effort will be made to reproduce as closely 
as possible the conditions in a Vierendeel 
truss. Direct stress will be applied to the 
specimens simultaneously with flexural 
stress. The specimens will consist of a 
post and a chord, the junction between 
the two being by means of circular or 
sinusoidal curves. The over-all dimensions 
will be 45 x 63 in. Mild steel will be used 
(tensile strength = 53,000-60,000 Ib. /in.* 
with covered electrodes. The welds will 
be radiographed and will be made in th« 
most convenient position. 
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GRAPHICAL ANALYSIS OF 


By D. WHITE! 


stress and distortion due to any local heating. By 

the method described the stresses and distortion 
resulting from temperature differences in any structure 
can be determined, whether the heat is from fire, welding, 
friction or any source. 


‘em article describes a method of determining the 


* Contribution to Welding Research Committee. 
+ Research Engineer Metallurgist. 
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Fig. l—Etched Section of Brake Drum No. 01 Fig. 2—Etched Section of Brake Drum No. 04 
i After 1 Year Service 


After 1 Year Service 
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Thermal 


The accuracy of the method is dependent upon the 
knowledge of the properties of the material. If the 
temperature distribution and the thermal and mechani- 
cal properties of the material are known the analysis is 
exact. In most cases some of the information is only 
approximate but even then the analysis will serve as a 
guide for designers and help them to understand prob- 
lems such as welding distortion that have proved so 
troublesome in the past. 


Stresses 


Fig. 3—Etched Section of Brake Drum No. 214 
After 2' : Months Service 
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The example chosen is a brake drum made of two 
materials of different strength and shows the designer 
how to design this part to meet the service conditions 
with the aid of a few simple tests. If applied to welding 
the stresses can be determined either parallel to or across 
the weld in the same manner as the analysis for the 
brake drum. 

The brake drums are 44-inch diameter welded drums, 
%°/16 inches across the face. They are made of heat- 
treated medium-carbon steel with two reinforcing ribs 
of '/s-inch mild steel and one */,-inch-thick mild steel 
rib drilled for bolting to the end of an oil-well winch 
drum. 

They are subjected to unusually severe service condi- 
tions. The brake drums are cooled with a water spray 
on the inside and become red-hot on the outside surface 
where the brake band is applied. This severe service has 
made brake drum design and choice of material a major 
problem for designers of oil-well equipment. 


Fig. 4—Part of Section of a Brake Drum Showing the Result of Very 
vere Service Etched 


: 
Fig. 5—View of Part of Face of Brake Drum No. 04 Showing Check 


Cracks. Ful Size Not Etched. Checks Show as Short Irregular 
Horizontal Lines in Toe Photograph 


Table 1 


Diam- Diam- 
eter at eter at 
Original Bolting Outside 
Test Diam- Time in Face, Edge, Taper, 
Fig. No. eter Service In. In. In. 
Notshown 56 43.9 2'/> yr. 43.8 42.8 1.0 
] Ol 43.9 1 yr. 43.9 43.4 0.5 
6 04 43.9 1° yr. 43.9 43.3 06 
7 214 43.9 2'/, mo. 43.9 43.7 0.2 


As originally designed (see Fig. 7) the brake drum 
shrank enough to cause trouble with the brakes and an 
investigation was undertaken to ascertain the cause and 
cure. The first tests consisted in determining the extent 
of shrinkage and the manner of shrinking. Table | 
shows typical measurements. The fifth column of 
Table 1 shows the diameter over the */,-inch-thick rib 
and the sixth column gives the diameter at the outside 
edge. The difference of the diameters shows the total 
taper of the brake drum. From Figs. 6 and 7 we see 
that there is less support under the outside edge and the 
natural thing to do would be to increase this support. 

If no stress analysis had ever been made this might 
have been done without further tests. As it was, we 
had ‘‘mathematical proof’ (4)' that the stress was 
almost nil, the ribs were supposedly only for cooling. 
Having the room temperature stress analysis to contend 
with the investigation continued. Brake drums were 
sectioned and etched, hardness surveys taken, and opera- 
tions in the field studied. Efforts were even made to 
take temperature readings during field operations. 

From each test some knowledge was gained until 
finally the whole problem became clear and the design 
was changed according to engineering principles. Con- 
siderable knowledge was gained regarding other aspects 
of brake drums which opens the field for further research. 

The method of determining the service conditions was 
as follows: 

(a) The high temperature was established by the 
refining effect of heating steel above the critical tem- 
perature and then cooling. Figures 2, 3 and 4 show a 
wavy line near the braking surface. This is a typical 
heat line that can be observed whenever steel is heated 
locally above the critical temperature. In this way it is 
definitely established that the outside surface of the 
brake drum is heated above 726° C. (1340° F.). In 
Figs. 2 and 3 the heat line is somewhat wavy but Fig. 4 
shows a piece of a brake drum that was in exceptionally 
hard service and it has a continuous heat line nearly ‘/; 
inch deep. The results of hardness tests also indicate that 
temperatures in this range were reached. Compare the 
hardness of the used brake drums in Table 2 (195-214 
BHN.) with the hardness after heating shown in Table 3 
(644 C 212-217 BHN.) and (705 C 128-187 BHN.). It 
seems remarkable that the hardness after slow heating 
and slow cooling should be so near the results from 
repeated rapid heating and cooling in service. 


1 Numbers in parentheses refer to sections in the appendix. 


Table 2—Brinell Hardness Tests om New and Used Brake 


ms 
Hardness Hardness 
Drum No. New Time in Service Used 
O1 210 to 230 1 year 195 
O04 210 to 230 1 year 207 
214 241 2'/, months 196 
No number 240 to 275 More than 1 yr. 214 
No number 240 to 275 More than 1 yr. 200 
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Table 3—Brinell Hardness Tests at Elevated Termperatures 
on Same Material as Brake Drums 


Hardness 
Plate Temperature Before At Heat After 
1 705° C. 277 38.6 128 
B 705° C 269 35.7 187 
4A 644° C. 269 59.5 212 
B 644°C. 277 60.9 217 
A 538° C. 277 121 241 
B 538° C 255 116 262 
A 259 299 255 
B 27°C 264 192 255 
A 316°C 269 285 255 
B 316°C 269 285 241 
Chemical Analysis 
Mn P Si 
Plate A 0.43 0.68 0.032 0.020 0.19 
Plate B 0.46 0.69 0.030 0.021 0.19 


(b) The low temperature was established by the 
manner of boiling of the cooling water. Tests for boiler 
work have demonstrated that at temperatures between 
100° and 200° C. (212° and 392° F.) the water adheres 
to or wets the plate while at temperatures above 200° C. 
a steam film separates the water from the plate. Under 
these conditions the water appears to dance over the 
hot metal and heat transfer is much slower. The exact 
temperature at which the change in manner of boiling 
takes place is the subject of much interest to steam- 
boiler designers but for the case in hand it suffices to 
establish the temperature to the nearest 100° C. 

The intermediate temperatures were calculated from 
the thermal conductivity of steel (1). Other investiga- 
tors (5) have found that a quasistatic state exists and 
that the intermediate temperatures are nearly propor- 
tional to the distance from the hot surface. 

Figure 8 shows the temperature across the brake drum 
section. Note that the high temperature penetrates 
deeper at the outside edge of the first section, labeled 
“present design’’ due to the absence of cooling water 
beyond the rib. 

The analysis of the effect of this temperature gradient 
is shown by Fig. 9 for the “present design’ and by 
Fig. 10 for the new design; both are analyzed in the 
same way. The first curve shows the area of the various 
temperature zones plotted against temperature. The 
second curve the abscissas are again area but in this case 
the ordinates are strain taken from the expansion curve 
for steel (2). The third curve shows area plotted against 
stress which was obtained by measuring the effect of 
the strain on the stress-strain curve (3). The area above 
the axis must of course equal the area below the axis. 
The location of the axis is found by approximation. 
The method of locating the axis and the expansion line 
of the area-strain curve is described in Section 6. 

From the analysis it can be seen that the 400° C. 
temperature zone just reaches the yield stress (first and 
third curves, Fig. 9) and that all the steel heated above 
400° C. is plastically deformed more than 0.001 inch per 
inch; also the outside layer is upset about 0.008 inch per 
inch, 

The upset area is cross hatched in Fig. 8. On cooling 
the upset metal endeavors to contract in the manner 
shown by the dotted portion of the expansion curve.(2) 
This contraction is resisted by the balance of material 
that was not heated to so high a temperature. When 
the strain reaches the yield point, this time in tension, 
the steel is again plastically deformed but at a much 
higher stress than before 
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When the brake drum has cooled to room temperature 
the following conditions will exist. There will be 4.6 sq 
in. of S. A. E.-1040 steel stressed to the yield point in 
tension resisted by 3.5 sq. in. of S. A. E.-1040 and 3.9 
sq. in. of mild steel. 


Tension 4.6 & 40,000 = 184,000 Ib. 
Yield strength of resisting material 
53.3 & 40,000 plus 3.9 &K 35,000 = 258,500 Ib. 
Safety factor 1.4 
Under the above conditions, the metal in compression 
behaves elastically and the brake flange will shrink 
according to the formula 


Strai Unit stress 
Strain 
Modulus of elasticity 


Total stress 
Since the unit stress = - . 


Area 
184,000 
= — >> or 25,600 per sq. in. approx 
25,000 
Then strain = 50.000.000 0.00088 inch per inch. 


This is equal to 0.039 inch across the diameter. In 
service the cycle will be repeated but the brake drum 
will never contract more than this amount. The outside 
edge, however, contains the greater part of the upset 
metal with very little support. 

If we consider the drum as tfiree parts supported by 
three ribs (see Fig. 8) the analysis of the outside portion 
will show: 


Upset Area 
Tension 
2.01 &K 40,000 
Supporting material 
S. A. E.-1040 
Mild steel 
Yield strength of support 
0.829 & 40,000 
plus 
1.188 & 35,000 


2.01 sq. in. 
80,400 Ib 


0.829 sq. in. 
1.188 sq. in 


73,740 Ib 


so that here our factor of safety is less than | and the 
drum will shrink plastically and shrink more at each 
heating and cooling. It is because of this that the drum 
becomes conical. The exact amount of shrink is difficult 
to determine because the mild steel is upset more than 
the medium-carbon steel due to its lower yield stress. 
Also there seems little justification to determine it here 
as the drum shrinks some with each run and soon be 
comes worthless. 
Now if we analyze the new design in the same manner, 
we find from Fig. 10 
Tension 4.4 & 40,000 176,000 Ib 
Resistance 
3.7 X 40,000 
$5 & 35,000 305.500 Ib 
There is no hot section of the drum so under normal 
service it will not shrink. Nevertheless our factor ot 
safety is small (1.7) and should we desire additional 
guarantee we can use one of the modern high- 
strength low-allov steels for the ribs 
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Fig. 9—Analysis of Present Design 


CONCLUSIONS 


After glancing through the investigation we notice 
several things: First, the new brake drum expands 0.088 
inch and then contracts 0.039 inch below the original 
size the first time it is used. Second, the steel at the 
braking surface is repeatedly heated above the critical 
temperature. From (2) we see that this results in great 
local deformation as the temperature crosses the hump 
in the expansion curve. This may be the cause of 
checking (Fig. 5). There are steels that do not evidence 
this. Third, the steel becomes much softened at the 
high temperature and the choice of material should be 
based on the high-temperature properties and not those 
at room temperature. Figure 1 shows an example of 
excessive wear. 

In the case of welded construction the part is heated 
only once for each pass and the distortion is almost 
always elastic. The temperature distribution can be 
determined by measurement or from the heat lines and 
oxide colors on test-pieces. It suffices to point out that 
the amount of heat released from an arc weld remains 
constant for each setting of the machine and rod size, 
so that if the welding conditions are specified by the 
engineering department the amount of distortion can be 
graphically determined with the aid of a few easily made 
temperature measurements. 


APPENDIX 


Section 1 


Determining the temperature distribution from the 
formula for thermal conductivity of Hodgmann 
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Qe 
d 
K is coefficient of heat conductivity. 
f; and are the temperatures. 
d is the thickness in centimeters. 
a is the area. 
T is time. 
Example: For temperatures at the center, when the 


drum is turning, the brakes on and the water boiling 
inside the flange a quasistatic condition exists with the 
outside temperature at about 800° C. and the inside 
temperature near 200° C. 


Now for the center d, = 2d, and 7, = 7,, a, = a, 
so we set 0.= Q, 
f fo f, f, 
or = d, 
fi = 800°C. 
fe 200° C. 
d. = 2.2 cm. (See Fig. 11) 
d, = 1.1 cm. 
From A. S$. M. Handbook 
K, = 0.10 
800 — 200 f. — 200 
0.10 = ().1] 
600 0.10 
2.2 x 0.11 
235-s 


=<, 
A 
a 
j 
FY 
| 
4 
an 
‘ 


= 283 
= 483° 


In like manner the temperatures were determined. 
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Fig. 11 
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Fig. 12—Expansion Curve for Steel 
C .44, Mn .57, P .013, S .033, Si .161 
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Fig. 13 


Force due to brake pressure : 
Line pull = 25,000 Ib. (estimate) 


Tangential force 


il 
x 


= 9100 lb. on both drums 


or Fy, = 4550 Ib. on one drum 
Compressive force = F,/coeff. of friction 
4550 
0.35 
236-s 
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Section 4 


F. = 13,000 tb. 


The horizontal component of F, 


Fy = cos a F. 


‘ F 
aF, = 5“ aé 
at 
F 
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Fig. 15—Temperature Gradients in Cast-Iron Plate 


Values Calculated from Following Expression: 


1 — (2/d) 
K =1 


aod 


i 


" 


Ass umMptions 


verywhere 
400° F 


1940 


sin (K 


3, 5 


Btu applied per sa. in. of plate (steady) = 0.708 
Thermal conductivity = 0.615 K 107° Ib./in.-sec. 
Thickness of plate = 0.813 inch 

Depth in plate from brake surface 


V c/ps where p= density of iron! = 0.96 Ib./in.? 


sp. heat of iron } 0.12 


(1) Plate infinite 


(3) Unit 


he 


per 


= Time after heat application, sec 
= Temperature rise above 400 


no edge eHects). (2) Initiel temperature 400° F 
in. epplied to one side of plete, other side held at 


(Johns Manville Research Laboratory) 


F, 
T 
_ 13,000 
353.1416 
= 4140 
At one section of the band 
2 
4140 
> 


= 2070 Ib. on a section of 11.75 sq. in. 


or 176 pounds per sq. in. 


Section 6 


Construction of the Curves 


Figure 8. Draw a section of the brake drum. Con 
sidering the brake lining as the heating element and the 
water as the cooling element, lay out the temperature 
zones as follows: 

At the average depth of the heat line (Fig. 4) a line is 
drawn for the 800-700° dividing line. The exact tem- 
perature would be 726°C. The reader will notice a 
number of approximations throughout the article. The 
method has been simplified so as to be understandable 
and workable. Persons interested in theoretically ac- 
curate results may use smooth curves instead of the 
bands and steps of Figs. 8, 9 and 10, and may also prefer 
to consider the whole as an elagtic instead of a rigid 
body. The 800-700° line is curved toward the surface 
at the edges of the drum section because the brake 
lining does not extend to the edge. See the limit of 
wear, Figs. 1 and 2, at the bolting face. 

The cooling water is at 100° C. and the steel inside the 
scale and other films is assumed to be 200° C. The 
intermediate line can be calculated as in (1) or taken 
directly from the straight line curve (5). 

Figure 9—First Curve: Find the area of the 800° zone. 
Lay this off to a suitable scale as an abscissa. Set the 
800° C. as an ordinate. Continue to lay off the areas of 
the zones as abscissas until the first curve is completed. 
Be careful to mark any change in material. 

Second Curve: Project the areas of the first curve to 
a new axis of abscissas. For ordinates use the expansion 
corresponding to each temperature as shown on the 
expansion curve (2). 

Third Curve: Since the second curve is made from 
the free expansion curve of steel the top of this curve 
shows the positions the zones would occupy if they were 
separated. Since they are one piece the whole must 
expand some and the remainder will be strain either 
elastic or inelastic as the case may be. The exact 
amount of the expansion is unknown but it must be 
such that the sum of compressive and tensile stress is 
zero. To find this, an assumption is made, say at 0.002 
inch per inch. 

For the third curve again project areas down to a new 
axis of abscissas. From the stress strain curve (3) deter- 
mine the stress of each zone. The SOO” zone is strained 
0.008 inch per inch which is far beyond the yield point 
and hence the yield stress is used. Likewise with the 
700°, 600° and 500° zones. The 400° zone is strained 
only 0.003 inch per inch. The stress-strain curve shows 
the 400° line leveling off at about 0.002 inch per inch 
where the chart (3) ends so that any set it might have 
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taken would be less than 0.001 and probably close to zero. 
The 300° zone is strained 0.0015 inch per inch with a 
corre sponding elastic stress of 25,000 psi, the 200° zone 
0.003 inch strain or 8000 psi compression and the balance 
0.001 inch strain or 27,000 psi tension. Adding the 
total stresses or areas we find that the area above the 
axis (not shown) is slightly more than the area below 
the axis. This means that the expansion line of the 
second curve must be raised a little and a new stress area 
diagram made. ‘The second or third approximation will 
usually locate this line within the limit of accuracy of the 
measurements and the yield point can be located and the 
upset area determined. 

Should one desire to find the upset area in a part that 
is not heated above the critical temperature another 
method of determining the temperature, such as ob- 
serving the discoloration of a polished part by the oxida- 


tion at various temperatures, would have to be employed. 
Where the piece is not in motion as in determinine 
welding shrinkage, thermocouples can be used. ; 
Whatever the manner of determining the temperature. 
the method of finding the upset area is the same. 
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REINFORCEMENT OF OPENINGS 


By E. SIEBEL and 
S. SCHWAIGERER 


EFORE the stress distribution in a pressure vessel 
R was investigated, the stress distribution in the 

vicinity of a hole 2 in. diameter in a mild steel ten- 
sile specimen 9'/, in. wide, 1.18 in. thick was determined 
by means of Huggenberger extensometers, Fig. 1. The 
stresses were calculated from the strains and Young’s 
Modulus = 28,400,000 Ib./in.* Although the reinforce- 
ment reduces the stress on the upper side of the plate 
the stress concentration on the lower side is scarcely 
reduced. Tests on a number of similar reinforcements, 
which increased the thickness 50 to 75%, demonstrated 
“<a Extended abstract of the first section of ‘‘Neuere Untersuchungen an 
Dampfkesselteilen und Behaltern,”’ V. D. J., Forschungsheft 400, 1940. The 
investigation was performed in the Materials Testing Laboratory of the Tech- 
nical College of Stuttgart, Germany Translated by Dr. G. E. Claussen 
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Fig. 1—Stress Distribution a Tension : cc, with Hole at a Load of 
12 


—_— = measured stress on upper side. o@ = EA where A = measured strain. 
= measured stress on lower side. 
- §- -- = uniform stress on on unreinforced plate calculated from the applied load. 
Left: Unreinforced hole. 
Right: Reinforced hole. Note that the negative tangential stress at some points is 
proof of eccentricity | bending stresses. 


in a Welded Pressure Vessel 


that the average stress at the edge of the hole was de 
creased only 15 to 25% compared with the unreinforced 
hole. The small effect exerted by the reinforcements 
is due to their being too far from the hole. 

By reinforcing the very edge of the hole and extending 
the reinforcement on both sides, Fig. 2, the stress con 
centration is diminished greatly. Although the plates 
are thinner in Fig. 2 than in Fig. 1, the stresses are lower 
in Fig. 2. Increasing the height of the reinforcement is 
beneficial, on account of its bending under stress, but 
the investigations show that the height should not exceed 
four times the thickness of the reinforcement. The re- 
sults of the static tests were confirmed qualitatively by 
pulsating tension fatigue tests of models simulating the 
welded reinforcements. 

With the results of these preliminary tests and tly 


b-0.39" 


Fig. 2—Stress Distribution in Drilled Tension Specimens with Welded 
Reinforcements at a Load of 121, 600 Lb 


= measured stresses = ¢. 

-~---- = uniform stress calculated on unreinforced section = on 
Left: Ratio of height to width of reinforcement = 1.5 

Right: Ratio of height to width of reinforcement = 4.8 
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Fig. 3—Experimental Pressure Vessels with Openings Fig. 4—Stress Distribution at Opening B (Internal Pressure 1420 
Wal! thickness = 1.10 in. for cylindrical part, 1.18 in. for heads Lb./In.*) 


Fig. 5—Stress Distribution at Opening C. Internal Pressure = 1420 Fig. 6—Stress Distribution at Opening F. Internal Pressure 710 
Lb./In.? (see Caption of Fig. 4) Lb./In.* (see Caption of Fig. 4) 
~ 
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Fig. 8. Stress Distribution at Reinforced Manhole M; at an Internal 
Pressure of 1420 Lb./In.* (see Caption of Fig. 4) 
= om = Stress in head 
Fig.j7—Stress Distribution at O ening G. Internal Pressure = 710 The light lines designated or and ot are the calculated tangential and radia! stresses in the 
Lb/In.? (see Caption of Fig. 4) head 
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knowledge that stress concentrations around a hole are 
higher in uni-axial tension than in bi-axial tension of the 
type existing in cylindrical pressure vessels, the investi- 
gation was extended to the welded mild steel pressure 
vessel in Fig. 3 containing two manholes and seven 
openings. It was calculated that the stress concentra- 
tions at the manholes would be 32 to 36% and at open- 
ings A and Cto E 10 to 15%. The stress concentration 
at opening B was calculated to be zero, which was 
confirmed by the measurements, Fig. 4. The gage 
length for all measurements was 0.79 in. and the ac- 
curacy was estimated to be 1400 lb./in.2 The measure- 
ments on the openings were made at the ends of two 
diameters, one axial, the other circumferential. 

The results of measurements on some of the openings 
are shown in Figs. 4, 5, 6 and 7. The stress concentra- 
tions in the types shown in Figs. 4 and 5 are small. It 
appears permissible to expect a maximum stress concen- 
tration of 35%. In agreement with the measurements 
under uni-axial tension, the stress concentrations around 
the openings in Figs. 6 and 7 are large, nearly three 
times the circumferential stress in the shell. The re- 
inforcing ring in Fig. 6 exerts little effect on the stress 
concentration. It should be noted that the openings 


The Crippling Load of a 
Compression Member 
in a Framework with 


Stitt Joints 


By PROFESSOR CHARLES E. INGLIS 


HEN calculating the terminal bending moments 

induced in the members of a framework by the 

stiffness of the joints, it is customary to ignore 
the increased flexibility (deflection under a constant load; 
reciprocal of stiffness) of a member which is acting as a 
strut (compression), and its increased stiffness if it is 
acting as a tie (tension), and this simplified theory at 
once leads to the conclusion that the process of super- 
position is applicable, and that the terminal bending 
moments will mount up and continue to mount up in 
direct proportion to the applied loads. Actually, this 
deduction is very far removed from the truth, and, if 
change of flexibility is taken into account, it will be 
found that terminal bending moments may in many 
cases diminish, and even change sign, as the loading 
increases, thus enabling a compression-member to with- 
stand a much greater thrust than would be expected 
according to the ordinary theory. 

Changes in flexibility may not affect stress calculations 
to any serious extent when the loading is quite moderate, 
but they may have a most important influence on the 
behavior of a compression-member which is stressed 
nearly up to the limit of failure, and, unless these changes 
are taken into account, it is impossible to predict with 
any real accuracy the ultimate load a given framework 
can withstand, or to form any reliable estimate of the 


Abstracted from the Journal of the Institution of Civil Engineers, Vol. 14 
No. 6, pp 205-226, April 1940. The paper was to have been presented at 
the British-American Engineering Congress at New York last September 


F and G were made only after the other openings had 
been tested at an internal pressure 1400 Ib./in.* without 
permanent deformation. Permanent deformation o¢- 
curred around F and especially G at an internal pressure o{ 
between 710 and 850 Ib./in.* Asin the uni-axial tension 
tests, Fig. 1, the cross section of the reinforcing ring, 
Fig. 6, was too far from the edge of the hole. The resu|ts 
show that small openings (diameter of opening less 
than 0.3 times the diameter of the vessel) are best re- 
inforced by welding a ring whose height is 3 to 4 times 
the width. Disk reinforcement cannot be avoided for 
larger openings. A disk 1.5 times as thick as the plate 
and a breadth of 0.4 times the radius of the vessel! js 
equivalent to a disk of the same thickness as the vessel] 
and of the same width as the radius of the vessel. It is 
best to avoid reinforcing only one side; hence disks 
should be placed both inside and outside. The circular 
manhole MM), Fig. 8, illustrates the unexpectedly high 
stress concentration around large openings. Similar 
results were secured with the elliptical manhole. The 
high stresses at points 14 and 15 show that bending oc- 
curred. Thicker reinforcement and greater curvature 
of the head would have decreased the stress concentra 
tions. 


margin of safety it possesses under normal working 
conditions. 


In the research which forms the subject of this Paper, 
the crippling load of a strut forming part of a framework 
with stiff joints has been investigated mathematically for 
a number of different cases, the analysis taking full 
account of the change in flexibility of members due to 
axial thrust or pull. Experiments then were performed 
on five different frameworks in which the slenderness 
ratio of the strut had the values 60, 80, 100, 120 and 140, 
the framework in each case being an isoceles right- 
angled triangle. The inclined members of the triangle 
were 1*/, in. wide, '/: in. thick and were cut from a mild 
steel plate. The strut consisted of two channels each 
1'/,” x 5/9”, the ends of which were fillet welded to the 
inclined members. 

For each framework five different values of the eccen 
tricity were taken, corresponding to the cases where the 
ratios of the secondary to the primary stress in the strut 
as calculated by the ordinary “‘constant flexibility 
theory had the values 0, 10%, 20%, 30° and 40°, 
Measurements were made of the central deflection of the 
strut as the axial thrust was increased. In all tests the 
agreement between measurements and the mathematica! 
predictions were remarkably close. In accordance with 
expectation, the crippling load is diminished as the rati 
of secondary to primary stresses increases. 

The crippling load recorded in the tests was the 
greatest load which the strut could sustain permanent!) 
and always was considerably higher than the predictions 
for safe primary stresses in struts with riveted ends 
yielded by British Specifications and by the formula 0! 
the American Railway Engineering Association. Eve! 
when an initial ratio of secondary to primary stress 
40°) existed, the actual primary stress at crippling was 
almost double that prescribed by the standard formulas 
Consequently, if either of these formulas is adopted th 
margin of safety is such that there would appear to 
no necessity to evaluate secondary stresses due to stl! 
ness of joints, unless it is expected that the ratio 
secondary to primary stress as ordinarily calculated ' 
likely to exceed 40°;. 
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Summary 


SPOT WELDING 


Aluminum and its alloys are spot welded by the same 
basic process as other metals. Aluminum alloys usually 
require surface preparation, and the conductivity, 
cleanliness and shape of the tip of the electrode are im- 
portant. The properties of the welds, besides being 
influenced by machine settings, depend on the alloying 
elements. 


Surface Preparation 


A film of hard, crystalline oxide (Al,O3, perhaps hy- 
drated) grows on aluminum surfaces exposed to the air. 
The oxide film is an insulator of high melting point 
(2050° C.) through which the tips must crush before 
electrical contact is made with the metal. For these 
reasons it is recommended that surfaces in contact with 
the electrodes be cleaned either mechanically or chemi- 
cally. Under conditions favorable to a heavy film, the 
sheet-to-sheet contacting surfaces also should be cleaned. 


Chemical Preparation 


There are a number of chemical solutions which are 
effective but it is essential that these chemical reagents 
be well washed off or neutralized after cleaning. 


Mechanical Preparation 


The preferred method of mechanical preparation ap- 
pears to be wire brushing. Buffers and sand papers have 
been used successfully. 


Inserts 


To make it possible to spot weld aluminum or dur- 
alumin, one authority interposed steel shims between 
each copper electrode and the sheet surface. Inserts 
have also been placed between the sheets, instead of 
between tip and sheet. An aluminum foil 0.004—0.012 in. 
thick may be placed between sheets of heat-treated 
alloys, such as 3.5-5.5 Cu, 0.2—2 Mg or 4.5—6 Cu, or 0.5-2 
Mg, 0.3-1.5 Si. 


Contact Resistance 


Aluminum has a high contact resistance compared 
with copper, but conditions favorable to absence of oxi- 
dation lower the contact resistance. Increase in pressure 
lowers the contact resistance. Too low pressure causes 
fouling of electrodes due to high contact resistance and 
severe heating. On the other hand, the low contact 
resistance of Alclad calls for high currents, which involve 
rapid deterioration of the electrode through pick-up of 
aluminum. 


Electrodes (Tips) 


The tip must fulfil three general requirements: (1) 
retain its shape for a considerable time under high pres- 
sure at operating temperature, (2) possess high thermal 
conductivity in order to remain cool, (3) form no alloy 
with the sheet. 

Alloys of a hard copper-base alloy are preferred by 
most authorities. The alloy may be of the heat-treated 
or precipitation hardening type. High conductivity is 
essential. The lowest recommendation is at least 75% 
of hard-drawn or pure copper. Rockwell B 60 or over is 
advisable. Frequency of cleaning probably depends on 
the machine settings, including thickness to be welded, 


as well as on composition, hardness and surface finish of 
sheets and electrodes. Water cooling is essential for any 
tip material and should extend to within '/, or */, in. of 
the end of the tip, except for large flat electrodes, for 
which water cooling is not so essential. The conical 
electrode is most frequently mentioned. The angle js 
7°, except for thick sheets ('/s in.) for which the angle js 
increased to 11°. 

From the standpoints of machine setting and quality 
of weld, it is immaterial whether a hemispherical or a 
conical tip is used. The conical tip is easier to machine 
but the spherical tip is easier to clean. The smaller the 
radius, the deeper is the indentation. It is generally 
agreed that one of the electrodes may be flat, that jis, 
about 1 inch square. 

Hard-drawn copper is as good as any other material 
for tips according to many authorities. Although copper 
requires more frequent cleaning than copper-base alloys, 
it is easier to clean because aluminum does not penetrate 
so deeply. Furthermore, copper has high conductivity. 
Water cooling is essential. About 100 gallons of water 
per hour must be supplied to a machine rapidly welding 
light alloy sheets 0.08 in. thick. For electrolytic copper 
tips the cone angle may be 10 to 20°. 


Other Electrodes 


Tungsten-copper tips were among the first to be used 
for aluminum and its alloys. Up to about 1930 chro- 
mium-plated copper tips were used successfully. Solid 
chromium or tungsten tips have been recommended. 


Pick-Up 


Tips for spot welding aluminum and its alloys requir 
periodic cleaning to remove accumulations of tiny parti 
cles of oxide or aluminum called pick-up. Flat electrodes 
exhibit less pick-up than other shapes, because the cur 
rent density is lower. As the temperature increases, 
pick-up is said to become more troublesome. As pick-up 
fouls the tip, the weld first loses its metallic appearance: 
due to an alloy layer, then molten metal containing cop 
per is formed on the surface, and at last, as the tip-sheet 
contact resistance becomes excessive, a hole may lx 
melted through the sheets. 

Tip Load 

The total load is approximately proportional to thick 
ness. Starting with a minimum load of 150 Ib. for two 
sheets each of 0.01 in. thickness the load is about 100 Ib 
additional for each 0.01 in. thickness of the sheets. 

Size of Slug—Other factors held constant, increase in 
total load decreases the diameter of the welded slug, 
which occupies a smaller proportion of the thickness 
Total load affected the thickness of the slug more con 
sistently than the diameter. At intermediate currents 
there is a considerable range of pressure over which welds 
of constant strength may be obtained. 

Low pressure reduces the required current and length 
ens the life of the tip, low current and low pressure favor 
ing long tip life. However, low pressure increases po 
rosity. Apparently, low pressure permits shrinkage cav! 
ties (pipes) to form and does not suppress evolution 0! 
gas. In thick sheet it is impossible to prevent porosity 
by increasing the pressure without lowering the strength 
of the weld, perhaps because high pressure reduces thi 
size of the spot. Beyond the effect of excessive total 
load in reducing the size of the slug, there may be ex 
cessive deformation of tips and sheets. An increase 1! 
total load increases the permissible current and with 1 
the strength. 

Program Control.—Program control has been utilized 
with a. c. as well as with d. c. machines. Two pressures 
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are used: a relatively light pressure during welding and 
a relatively heavy pressure, which is 57,000 to 78,000 
lb./in.2 The high pressure is applied only after the cur- 
rent is switched off. Recompression, as the process is 
called, is claimed to remove blow-holes and other cavi- 
ties in duralumin 0.047 in. thick, and to overcome the 
softening effect of welding by a forging action. Re- 
compression is effective principally with heat-treated 
alloys, and may raise the strength 5% or more. The high 
pressure may also be applied both before and after cur- 
rent is passed. The initial high pressure is intended to 
secure good contact (rupture of oxide film) and to pro- 
vide ample plastic deformation for fine recrystallization 
during welding. The total load is decreased to '/2—'/s 
the initial value during passage of current to raise the 
contact resistance, and to avoid deep indentation. The 
pressures (load per unit area of tip contact) are 11,400- 
17,100 Ib./in.? during welding and 57,000—78,000 Ib. /in.? 
during initial compression and recompression, for spot 
welding heat-treated alloys under program control. 


Time 


The duration of current is increased from '/: cycle or 
less to 25 cycles as thickness is increased from 0.002 to 
0.188 in. The time increases rapidly as the thickness in- 
creases up to 0.06 in., beyond which the time is approxi- 
mately directly proportional to thickness. Extreme 
accuracy of timing is not essential. 

With sheet above 0.021 in. thick, an increase in time 
rapidly raised the strength for the first 4 cycles until 
with further increase up to 24 cycles, there was little 
effect on strength. 

Beyond a critical time, which appears to be about 2 
cycles for sheet 0.051 in. thick, further increase up to at 
least 25 cycles has no effect on the size of the slug, but 
reduces porosity by permitting the tips to squeeze the 
molten metal. Beyond porosity, inadequate time is 
characterized by small welded area, and in the extreme, 
failure to weld. 

D. C. Welders.—Short times are used for welders 
operating on the principle of accumulation of energy 
(0.012 sec. for sheets 0.20 in. thick and 0.056 sec. for 
sheets 0.14 in. thick). Time is directly proportional to 
thickness and to current. If the energy is accumulated 
from an a. c. source, the time is longer. 


Current 


A. C. Welders.—Welding Handbook increases the cur- 

rent from 14,000 to 42,000 amp. as thickness is increased 
from 0.016 to 0.188 in. Current is approximately pro- 
portional to thickness. Within a range of 5% for all 
thicknesses from 0.016 to 0.128 in. one authority used 
higher current for 2S-O and 2S-H than for 3S-'/,H, 
35-H, 525, 53S-W and 53S-T. Intermediate current was 
used for Alclad 24S-T. 
_ Size of Slug.—The area of the surface over which weld- 
ing occurs increases with increase in current. The effect 
is pronounced in thin sheet. As the current was in- 
creased from 16,000 to 32,000 amp. at 10 cycles and 620 
lb. in welding Alclad 24S-T, 0.064 in. thick, it was found 
that the diameter of the slug doubled in diameter and 
increased in thickness until it reached the surface. 

In general, strength is more sensitive to changes in 
current than to changes in pressure and time, the effect 
of current on size of slug perhaps being the explanation. 
Strength increased in almost direct proportion to current 
until excessive current is used, sufficient to cause the 
slug to reach the surface, beyond which further growth 
in any direction is unlikely. Excessive current may 
cause cracks and porosity. 

D. C. Welders.—Welders based on the accumulation of 


energy principle utilize extraordinarily high current for 
the thicker gages (treble), if actuated by condensers, but 
may utilize currents of average intensity, if actuated in 
other ways. 


Power 


One authority recommends that transformer capacity 
increase in direct proportion to current, being 150 kva. 
at 18,000 amp. and 300 kva. at 36,000 amp., which corre- 
spond with sheets 0.03 and 0.12 in. thick, respectively. 

Welders based on the principle of accumulation of 
energy require relatively little power, because the energy 
is accumulated over a long period. For example, a welder 
with a. c. source of supply makes a weld with 20 kva. 
which would require 200 kva. with a transformer. There 
are two basic types of spot welders used for aluminum: 
(1) transformer type in which the current passing 
through the tips is of sine-wave type, (2) accumulation of 
energy type in which energy is stored in a choke or con- 
denser and is released by opening a contact. The current 
passing through the weld in Type 2 welders is in the form 
of a single impulse. Low inertia of the moving head is 
essential. 


Type I—Transformer 


Spot welders for aluminum require transformers of 
high capacity. Nevertheless, the thickness that can be 
welded depends on throat depth, gap and arm construc 
tion as much as on transformer rating. Electronic con 
trol is preferable for any machine. 


Type Il—Accumulation-of-Energy 


The energy may be stored in a choke or in a condenser. 
Although 30 spots per minute is the customary speed, 
adjustments can be made to provile higher rates of 
welding. The longer the time between welds, the less 
power is required for a given store of energy. 


Program Control 


Pressure can be varied during the welding cycle with 
any type of machine. Current has been varied from high 
during welding to low during recompression in trans 
former welders. Photoelectric control with a rotating 
notched disk may be used. 


Spot Spacing 


Shunting is more troublesome in aluminum than in 
steel. One authority found that the minimum distances 
between spots to develop maximum strength in 525 
'/,5H, 0.032, 0.064 and 0.125 in. thick were */s, °/, and 
1'/, in., respectively. Shunt effect could be overcome to 
some extent with closer spacing by increasing the current. 
A spot should not be closer to the edge of a sheet than 47° 
(7 = thickness). 


Properties of Spot Welds 


Static Shear Strength (Single Shear) 


The shear strength of spot welds in aluminum is quoted 
as pounds per spot, not as lb./in.*, because the area of the 
spot is difficult to measure, especially when unbuttoning 
occurs. Shear strength in lb./spot is the maximum load, 
initially parallel to the surface which a spot will with 
stand before rupture. As in other metals, spot welds in 
aluminum are difficult to test in such a way that a 
strength value of general significance is secured. It is 
realized that strength per spot varies with: (1) machine 
settings, (2) composition of sheet, (3) its thermal and 
mechanical treatment, (4) thickness of sheet, (5) number 
of spots and sheets in specimen, (6) overlap of sheets and 
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spacing of spots from edges and each other (shunt effect) 
in specimen, (7) size of spot. 

The shear strength of spot welds in commercial alumi- 
num increases from 100 lb./spot at 0.020 in. thick to 
800 Ib./spot at 0.130 in. Al-Mn (3S): Shear strength 
rises from 100 Ib./spot at 0.020 in. thick to 1400 Ib./spot 
at 0.130 in. thick in cold-rolled tempers. 

Al-Cu-Mg (Duralumin): Shear strength varies from 
240 Ib./spot in sheets 0.016 in. to 1060 Ib./spot in sheets 
0.059 in. Al-2.5% Mg (52S): The minimum shear 
strength rises from 95 lb./spot at 0.020 in. to 290 Ib./ 
spot at 0.060 in. for annealed sheet. These values are 
only about 60% of the values for cold-rolled sheet. 

Al-7% Mg Alloy: Shear strength varies from 110 Ib./ 
spot in sheets 0.012 in. thick to 800 lb./spot in sheets 
0.079 in. thick. 

Al-Mg-Si (53S): Whether or not the sheet is heat 
treated before welding, the shear strength is the same as 
in cold rolled 52S (Al-2.5% Mg). Al-2% Si-1% Mg: 
Welds are weaker than in duralumin and are equivalent 
to welds in 52S. 

Al-3.5% Cu-1% Mg-1% Cr: The strength was found 
to be 1050-1080 Ib./spot in sheet 0.039 in. thick. 

Alclad 24S-T: The minimum shear strength rises 
from 100 lb./spot at 0.015 in. sheet to 780 Ib./spot 
at 0.070 in. Higher strengths (900-1275 Ib./spot, 0.064 
in. thick) also have been recorded. 

Alclad 17S-T: Strength of 350 Ib./spot for 0.032 in. 
sheet and 825-1230 lb./spot for 0.064 in. thick has been 
obtained. 

Effect of Thickness.—Shear strength is directly pro- 
portional to thickness. Beyond 0.08 in. the strength is 
less than proportional to thickness. The deviation of the 
shear strength of a spot from the average may be + 15- 
20%. 


Double Shear 


If three sheets are spot welded and the middle sheet is 
pulled in the opposite direction from the outside sheets, 
the “‘double-shear strength’ is determined. Double- 
shear strength of a spot varies from 1.6 times the strength 
of a single spot in 0.02 in. thick to 2.0 in 0.04-in. material. 


Muitiple-Spot Joints 


The strength per spot of a multiple-spot joint in 
general is 5% less than the strength of a single-spot 
joint. Shunt and heat effects complicate the determina- 
tion of the strength of multiple-spot joints to an un- 


known extent. 


Fatigue 


Aircraft spars 6'/, ft. long, 2 in. square, made of an- 
nealed 7% and 9% Mg alloys 0.039 in. thick were tested 
at a fixed amplitude. As-welded spars failed after 200,- 
000 to 800,000 cycles, fine cracks being observed in the 
vicinity of the main fracture through the spot welds. 
Heat treatment (1 hr. at 330° C.) to remove columnar 
structure and shrinkage stresses had no effect on static 
shear strength but greatly improved the fatigue strength. 
For example, a heat-treated spar in 99% Mg alloy with- 
stood 4,000,000 cycles at the given amplitude (0.63 in.), 
withstood an additional 4,000,000 cycles at an amplitude 
of 0.79 in., and a further 5,000,000 cycles at 0.98 in. be- 
fore failure. ° 

Fatigue Fractures.—Fatigue fractures in pulsating 
tension tests occur at the edge of the weld, due to stress 
concentration and to notch effect created by exuded 
metal. It is possible that the softness of the zone near 
the weld favors fatigue fracture. The capacity of the 
softened zone for cold work may exert some influence. 


The effect of porosity and cracks on fatigue value is not 
clear. 


Corrosion 


Alloys containing about 4% Cu are not suitable for 
spot welding if they are to be used in marine atmospheres 
or in contact with saline solutions. Cladding is a com 
plete remedy. 

Commercially Pure Aluminum.—Exposure in marine 
atmospheres and alternate immersion under tidewater 
conditions have no greater effect on spot welded 2S- 
'/oH than on unwelded metal. Annealed sheets have 
even better corrosion characteristics after spot welding 
than cold rolled. 

Alclad.—Copper-bearing alloys that have been clad 
with aluminum have as good corrosion resistance after 
spot welding as before. Spot-welded Alclad 17S-T and 
Alclad 24S-RT showed no deterioration in marine at- 
mospheres or in tidewater in New York or in Florida 
after several years. 

Al-Cu Alloys.—Tests show that other alloys are better 
than the Al-Cu alloys for withstanding corrosion in 
saline conditions. With 175-T and 24S-T there was 
preferential attack of the welds in tidewater and loss of 
strength in marine atmospheres. Tidewater corrosion 
in Florida was of the intergranular type. Metals Hand 
book points out that spot-welded Al-Cu-Mg-Mn (175) 
alloys have less corrosion resistance than unwelded, and 
a French authority protects spot-welded duralumin 
exposed to marine conditions. Unclad duralumin is not 
so resistant to corrosion as Alclad. 

Salt spray reduced the strength of spot welds in Al 
Cu-Mg alloy 64 to 85%. Substitution of 2% Ni and 
0.75% Fe for the magnesium content rendered the welds 
remarkably resistant to corrosion from the standpoint oi 
strength. 

Intergranular corrosion has been observed in spot 
welds in 24S-T (tidewater, Florida). 

In general, rapidly quenched Al-Cu alloys are not sus 
ceptible to intergranular corrosion, nor are alloys that 
have aged at room temperature. Heating the quenched 
alloy to a relatively low temperature, particularly 150 
145° C., creates susceptibility to intergranular corrosion, 
which occurs in warm marine climates. It is believed 
that the thin network of aluminum depleted of copper 
in sensitized alloys is anodic to the remainder of the 
metal; hence, attack is concentrated on the boundaries 

Al-Si-Mg Alloys.—Tests of spot-welded 515 in saline 
solutions and in tidewater revealed preferential corrosion 
On the other hand, spot-welded 535S-T is satisfactory. 

Al-Mg Alloys.—Alloys containing small quantities oi 
magnesium (4S and 52S) are satisfactory in marine at 
mospheres and tidewater. Spot-welded alloys containing 
7% Mg have excellent corrosion resistance. Spot welds 
between unclad duralumin and Al-9% Mg are likely to 


have low corrosion resistance. Spot welds joining Alclad. 


24S-T to 3S or 52S exhibited no corrosion after 20 hrs. in 
an accelerated test. 

Heat Treatment.—If spot welds in duralumin are heat 
treated, the corrosion resistance is improved and there 
is no tendency toward intergranular corrosion. 

Pick-Up.—Pick-up of copper from the tip lowers the 
corrosion resistance of spot welds in aluminum and its 
alloys. Frequent cleaning of tips therefore is important. 


Corrosion Fatigue 


Heat-treated and uniformly corroded aircraft spars 
failed after fewer cycles than heat-treated and unco! 
roded spars, though all corroded spars withstood 
million cycles at an amplitude of 0.63 in. without failure 
The corroded spars that had not been heat treated 
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failed at about the same number of cycles (200,000 to 
360,000) as similar spars that had not been subjected to 
corrosion. 


Alloys That Have Been Spot Welded 


Wrought Alloys.—All of the more common wrought 
alloys of aluminum have been spot welded. Some 
porosity is inevitable in the strongest spot welds in thick 
sheet. Although duralumin was the alloy most commonly 
selected for spot welding in the period 1924-1932, it is 
now the only alloy that should not be spot welded unless 
there is good protection from corrosion. Substitution of 
nickel and iron for the magnesium may remove some of 
the spot-welding disabilities of duralumin. 

Essentially the same spot-welding characteristics are 
exhibited by all alloys. Some recommend higher total 
load for hard alloys than for soft; others adjust the cur- 
rent setting for different alloys. The stronger alloys pro- 
duce the stronger welds in static tests, but there is no 
direct relationship between static shear strength and 
tensile strength of unwelded sheet. 

Extruded Alloys.—Strong welds have been obtained 
between sheet and extruded section. 

Cast Alloys—As a general rule, castings may be spot 
welded to each other or to sheet. The following cast 
alloys have been spot welded: (a) 2S, (6) 43 and 195 
T6, */s in. thick, (c) Al-12 Si-0.3 Mg alloy. 

Dissimilar Alloys.—There is no difficulty in welding 
2S or 3S to 17S, 25S or 51S and any combination of Al- 
clad 24S-T, 52S and 53S-T is satisfactory. In tests, spot 
welds between 2S and duralumin 0.032 or 0.039 in. thick 
had breaking loads intermediate between spot welds in 
2S and spot welds in duralumin. 

A comprehensive investigation of spot welding dis- 
similar aluminum alloys on sheets 0.039 in. thick showed 
that the greater the difference in solidus temperature, 
the lower is the strength. The welds were made on a 
seam welder with electronic control. A single spot was 
tested in shear. Examination of the structure showed 
that the major part of the slug was in the sheet having 
the lower melting point. Aluminum seldom has been 
spot welded to other metals. One investigator could not 
spot weld Al to tin, cadmium, nickel or chromium- 
plated steel, but could produce good spot welds between 
Al and magnesium, zinc, iron, stainless steel and tin- 
coated steel. 


Sheet Thickness 


The thinnest sheet that has been welded is 0.002, 
0.004 or 0.008 in. thick. Single sheets up to */) in. thick 
0.188 in.) were welded in 1928 (2S and 51S-W), which 
seems to be the maximum thickness now. 

Eff ect of Diameter of Spot.—The size of the spot weld is 
best determined on a plane through the center of the 
weld perpendicular to the sheets. The vertical thickness 
and the diameter at the mid-section are the two chief 
measurements, although shape of weld also is important. 
Of the machine settings, increase in current increases the 
size of the spot, increase in tip load decreases the size, and 
increase in time appears to have no effect, beyond pos- 
sibly permitting the slug to fuse properly. The size of 
the weld is said to be a function of the thickness of the 
oxide coating and to be smaller in 3S-O than in 3S-!/,H 
or 3S-H. 

Effect on Strength.The static shear strength of spot 
welds is approximately proportional to thickness. 

Dissimilar Sheet T hickness.—In 1928 it was found that 
sheets up to 0.064 in. thick can be welded to castings 

, in. thick. The limiting ratio of thick to thin sheet is 
said to be 3:1. If the ratio is high, the thin sheet is 
overheated, and there is poor fusion. The machine set- 


ting or total tip load should be that corresponding with 
the thinner sheet. One investigator found that spot 
welds in duralumin 0.032 to 0.079 in. thick had the same 
breaking stress (31,000 Ib./in.*) whether the sheets were 
of the same or dissimilar thickness. 

Stack Welds.—Up to 5 sheets have been spot welded 
together. 


Macrostructure 


Macrostructural examination of spot welds in alumi- 
num and its alloys reveals the presence of a slug, indenta- 
tion, and sometimes cracking or porosity. Usually it 
is recommended that the slug occupy */; of the thickness 
of the sheets. 


Microstructure 


An investigation was made of a heat-treated alloy 
about 0.03 in. thick containing 3.5-5.5 Cu, 0.2-2 Mg, 
0.2-1.5 Si, 0.1-1.5 Mn. With low current which barely 
produced a weld, the oxide film at the interface between 
sheets extended a short distance into the slug before 
being shattered into fragments that were pushed to the 
circumference of the weld. At the higher currents re- 
quired for good welds the fragments of the oxide film 
were found at the circumference of the slug. The liquid 
metal had exuded between the sheets. The exuded 
metal contained 15-16°, Cu (Cu-CuAbk eutectic contains 
33° Cu), and its structure consisted of primary copper 
rich phase embedded in a matrix that was said to possess 
a eutectic structure. During welding the center portions 
of the spot weld had reached 620° C. but not 650° C. 
At the center of the slug about 75°, of the structure con 
sists of liquid; the remainder is unmglted solid solution. 
The crystals of CuAl, containing Mn are unchanged but 
are pushed to the circumference of the spot. 

Fusion or Recrystallization.—Opinion is_ divided 
whether fusion occurs in spot welding aluminum and its 
alloys. Some authorities believe that a molten zone 
always is formed without excluding the possibility of 
recrystallization occurring in the outer portions of the 
slug, or the possibility that spot welds may be made 
without fusion under exceptional circumstances. M1- 
crographs show that spot welding through fusion may 
occur. The exudation of metal between the sheets 
proves that liquid capable of exerting a welding action 
existed in all parts of the welded interface during weld- 
ing. The liquid exerts its welding action by forcing 
crystallization to occur across the interface, thus ob- 
literating it. 

However, aluminum alloys are not difficult to pressure 
weld below the melting temperature. Some authorities 
believe that the center of the slug is welded by fusion, 
the circumferential portions being welded without fusion 
by crystal growth across the interface (pressure weld 
ing). 

Other Observations.—By making spot welds in Alclad 
24S-T, 0.064 in. thick, with successively higher current, 
the slug grows parallel to the surface as well as perpen 
dicular. It was believed that the layers represented the 
successive stages of growth outward of the columnar 
crystals, which pass unchanged through the layers 
The growth occurred in steps corresponding to the cycles 
of current. 


Heat Treatment 


A 20% increase in strength due to heat treatment 
of spot welds in heat-treatable alloys is reported. Heat 
treatment has a beneficial effect on fatigue value. Heat- 
ing spot welds in Al-0.8 Mg-1.0 Si alloy to 500—570° C. in 
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the welder after welding eliminated layer structure and 
raised the double-shear strength after 8 days from 1320 
to 1470 Ib./spot. Heat treatment increased the single- 
shear strength of spot welds in duralumin 0.045 in. thick 
from 512-810 Ib. to 805-1130 lb. In thicker sheet (0.063 
in.) heat treatment appeared to decrease the strength. 


Aging 


Three investigators report an increase in strength of 
spot-welded aluminum alloys during the passage of time 
after spot welding. The shear strength of spot welded 
Alclad 24S-T immediately after welding is only 70% of 
the strength attained after aging is complete (6 days). 
One investigator reported a 25% increase in shear 
strength of spot-welded duralumin after 4 days. 


Porosity 


It is not uncommon in spot-welded aluminum and its 
alloys to observe porosity, which is confined principally 
to the center of the slug. Being remote from the circum- 
ference of the weld, which is the region of highest stress 
concentration under load, porosity has little effect on 
static shear strength. Apparently, all alloys have an 
equal tendency toward porosity. In general, porosity 
may be due to solidification shrinkage or gas or both. 
Porosity is unavoidable in high-strength welds. 

Overheated welds are noted for porosity. By ‘‘over- 
heated”’ the different investigators sometimes signify 
excessive current, sometimes excessive current and time. 
Some authorities state that too low tip load causes poros- 
ity. Porosity becomes more pronounced as sheet thick- 
ness is increased. Recompression in welding duralumin 
with program control eliminates porosity. 


Splashing and Spitting 


The exudation of molten metal between the tips and 
sheet or between the sheets is called splashing or spitting. 
The metal exuded between the sheets lowers the corro- 
sion resistance, especially in Al-7°% Mg alloy. Exudation 
occurs at high current at which liquid is formed in the 
weld. When the weld is made too close to the edge of the 
sheet, exudation (spitting) also occurs. Spitting is an 
indication of inadequate tip load. 


Cracks 


If cracks are present they are approximately perpen- 
dicular to the surface of the sheet. The cracks follow a 
jagged course and may be intergranular. Sometimes 
the cracks extend to the surface. Radiographs show that 
cracks tend to be radial and do not reach the circum- 
ference of the weld. Cracks are undesirable from the 
standpoint of strength. The stress causing the cracks 
may arise through shrinkage during cooling or may be 
produced by tip pressure bending the sheet inward during 
welding. 

Overheating is the usual cause assigned to cracks. 
Whereas excessive current, which increases the size of the 
slug, favors cracks, excessive time, which has no effect 
on size of slug, may prevent cracking in heat-treated 
alloys. Inadequate tip load favors cracks by permitting 
the formation of a large slug. Surface preparation may 
affect cracking. Failure to remove the oxide film from 
heat-treated alloys may cause cracks. 

Cracks have not been observed in spot welds in com- 
mercially pure aluminum, nor are the alloys not sus- 
ceptible to heat treatment sensitive to cracks. Al-2.5-9% 
Mg alloys are particularly free from cracks, perhaps be- 
cause no “eutectic’’ is formed. Duralumin and Alclad 
are prone to cracking. 


SEAM WELDING 
Process 


Seam welding of aluminum and its alloys is based oy 
the same principles as the seam welding of other metals, 
The surface of the sheets must be prepared in the same 
way as for spot welding. Foil as thin as 0.004 in. has 
been seam welded. The upper limit seems to be !/; in. 

Rollers are water cooled and are made of heat-treated 
copper alloy having over 75% conductivity. The peri- 
phery may be shaped to a 7° cone. One roller may be 
flat or rounded, the other being a 7° cone. An average 
roller is 4 to 5 in. diameter. When cleaning becomes 
necessary emery cloth may be wiped over the surface 
The usual seam-welding speed is 1 to 6 ft./min., although 
10 ft./min. has been attained on sheet 0.10 in. thick. 

Machine settings differ from spot welding in that 2) 
to 50% higher current and 25% higher total load are 
used for the same thickness. The duration of flow of 
current is only a fraction of that for spot welding. 
Higher current is necessary to overcome shunt effect, 
according to some authorities; in addition, high currents 
may be required on account of the short duration of flow 
of current. Power should be on not over 30% of the 
time. Electronic controllers are required. The individ- 
ual spots in seam welds ordinarily overlap for liquid 
tightness, but the welds may be separated '/2 in. or more 
As in spot welding, the thickness of the slug is '/» to * 
the combined thickness of the two sheets to be welded 


Strength 


Single-shear seam welds fail in the sheet close to the 
welds. The following strengths have been reported for 
overlapping seam welds in sheet 0.639 in. thick. 

Aluminum and medium-strength alloys = 50 to 60°, 

of the tensile strength of hard-rolled sheet. 

Heat treated alloys = 60 to 75°% of the tensile strength 

of heat-treated sheet (based on sheet cross section). 

Pure aluminum = 14,000—16,000 Ib. /in.’. 

Al-7°> Mg = 36,000--38,000 Ib. /in.*. 

Duralumin = 36,000—43,000 Ib. /in.?. 

Aging at 20° C. for 1 to 40 days doubled the strength 
of seam welds in duralumin, but had less effect on Al-5‘ 
Mg alloy. 


PROJECTION WELDING 


Projection welding is satisfactory for several spots on 
small aluminum parts. 


PERCUSSION WELDING 


Electro-percussive welding of aluminum wire was (dis- 
covered in 1905. Joints between an aluminum wire an‘ 
a copper wire were ductile. Others used the process t) 
join Al to Cu wires, and Al to tungsten wire. 


RESISTANCE BUTT WELDING 


In resistance butt welding the parts are pushed 1" 
contact before the current is switched on. After th 
current is applied, melting occurs and soft metal 1s 
squeezed out. The process is particularly adapted t 
2S and 3S, although other alloys (probably not cast 
alloys) can be resistance butt welded. 
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r) 


rhe surfaces to be welded must fit together well 
Oxide is said to be squeezed out asa collar. Rubbing the 
parts together during welding has been recommended. 
Bronze jaws hold the parts. The distance between jaws 
unsupported length of parts) should be as large as pos- 
sible to secure uniform distribution of current. The high 
conductivity of aluminum rather limits the process to 
symmetrical sections, such as bars and thick tubes. 
Pressure is about 2000 Ib./in.2. Time of welding is 
', to 10 sec. Sections from 0.0003 to 3'/2 sq. in. have 
been resistance butt welded. MHeat-treated welds in 
17S-O (or heat-treatable alloys) have 70 to 80°; of the 
tensile strength of unwelded heat-treated alloys. Re- 


sistance butt welds of copper to aluminum always fail 
in the aluminum at a tensile strength of 14,200 Ib. in. 


FLASH WELDING 


Aluminum is flash welded like steel, but high current ts 
required and the final upset is based on pressure rather 
than on travel. Flash for '/, to 1'/» sec. to remove '/» 
to 1 in. of metal; then switch off the current and sud 
denly increase the rate of travel. The parts need not 
fit closely before welding. Short time (1 second or less) 
is essential to prevent excessive oxidation 


Resistance Welding Aluminum and Its Alloys 


INTRODUCTION 


F WE may judge from what has been written about 

the resistance welding of aluminum and its alloys, 

their spot and seam welding is among the urgent 
current problems facing welding technologists. Spot 
welding and its related process, seam welding, are given 
first consideration in the present review. Every other 
process of resistance welding has been experimented 
with, if not applied commercially. However, the review 
assumes familiarity with resistance-welding machines 
and controls, which are not basically different from those 
employed for other metals. While emphasis has been 
placed upon the two chief questions, ‘‘How are aluminum 
and its alloys resistance welded?’’ and ‘“‘What may be 
expected of the welds?’’ the explanations of the numerous 
characteristics of the process and product have been 
given due prominence, so far as they are known. Re- 
views of literature on spot welding have been made by 
Rosenberg,! who summarized the major German re- 
searches, and by Portier,” whose review accentuates the 
utility of basic principles. Aluminum welding is not an 
old art. Resistance butt welding* was done in the 1890's. 
Spot welding had been done‘ in 1909 but was not on a 
commerical basis’ until after 1920. 


SPOT WELDING 


Aluminum and its alloys are spot welded by the same 
basic process as other metals. Aluminum alloys usually 
require surface preparation, and the conductivity, 
cleanliness and shape of the tip of the electrode are im- 
portant. After the sheets have been gripped by the 
tips, the high welding current is passed for a time 
governed by the thickness of the sheets. Accurate con- 
trol of machine settings is essential. The properties of 
the welds, besides being influenced by machine settings, 
depend on the alloying elements, which affect the 
Strength, thermal and electrical constants, and fusion 
characteristics of the sheets. The majority of investi- 
gators have interpreted the structure of their welds in 
terms of fusion or partial fusion in the weld zone. De- 
lective welds frequently are traceable to incorrect ma- 
chine settings; sometimes the defects seem to express 
reactions of the alloy not observed in any other manu- 
facturing operation. 


Surface Preparation 


A film of hard, crystalline oxide (AlO;, perhaps hy- 
(rated) grows on aluminum surfaces exposed to the air. 
Che film may be twice as thick at the end of a month as 


after the first day. Further increase in thickness occurs 
through chance cracking or porosity. The film is about 
25% thicker on 99.6% Al than on 99.98% Al. It is 
about 0.0000004 inch thick at room temperature and 
about 0.00001 inch thick at 600° C. after 30 days and 3 
days, respectively. Increase in film thickness with time 
and with increasing content of impurities is confirmed 
by Steward® who observed that wire-brushed surfaces 
of unclad alloys darken after several days, but that Al- 
clad surfaces do not. The oxide film is an insulator of 
high melting point (2050° C.) through which the tips 
must crush before electrical contact is made with the 
metal. If the metal is soft, the presumably brittle film 
will crack away from the surface under tip pressure and 
electrical contact will be good. On the other hand, if the 
metal is hard, the deformation will be small and the film 
will remain comparatively intact. Evidence that the 
surface film participates in welding is supplied by Bor 
stel,? who found the film pressed below the surface of 
welds in dirty sheet, and by Rohrig and Kapernick* 
who found particles of the film in the slug at the circum 
ference of the weld. Bollenrath and Bungardt’ and 
Hobrock” believed, without evidence, that a nitride 
film might be present on aluminum, as well as an oxide 
film. 

For these reasons it is recommended by nearly all 
authorities!" that surfaces in contact with the 
electrodes be cleaned either mechanically or chemically. 
Under conditions favorable to a heavy film, the sheet- 
to-sheet contacting surfaces also should be cleaned. 
Cleaning is not necessary'*.'* for the alloys, such as 25 
and 3S, that are not welded in the heat-treated condi- 
tion. However, Larsen” stated that cleaning is not 
essential for any alloy, although mechanical cleaning 1s 
advantageous for alloys that have been heat treated. 
Some" advise cleaning for all materials, and for all sur- 
faces’ to be welded. Dietze"” found that cracks were 
more prevalent if the surface of heat-treated alloys was 
not cleaned. From the standpoint of machine settings 
it is immaterial''*!.** whether the cleaning is mechanical 
or chemical, but the latter is faster’. for production 
applications. Uneven surfaces, distinct from scratched 
or oxidized surfaces, require higher electrode pressure" 
to localize the contact. 


Chemical Preparation 


Although Portier? was not in favor of etching, it 1s 
commonly used for preparing mass-production parts for 
spot welding. There are six etches: 


1. Twelve to 15°, HeSO,," 20 min. at 45-60 C., 
rinse in cold running water, dip in cold 15-20°) HNOs 
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for 1 min. to replace gray tint with bright finish, rinse in 
running water, and dry at once. 

2. Three per cent hydrofluoric acid,''*” 15 to 60 
sec. at room temperature, rinse in water. 

3. Five per cent NaOH,**.** 15 sec. at 65° C., rinse 
in water; or 10% NaOH,” boiling, for 10 min., rinse in 
water, dip a few minutes in HNOs (1.33 sp. gr.), rinse in 
water. The 10% NaOH etch leaves a gray or black 
surface, which is brightened by HNO;. The etch is 
energetic and may seriously reduce the thickness, es- 
pecially of Alclad, unless it is performed under strict 
supervision.”” Anstruther*? recommends NaOH for all 
but exceptional parts which may require HF. Scratch 
brushing followed by NaOH etch has been recommended 
for duralumin.'* 

4. Sulfuric and chromic acids'.*.'* (approximately 
15% HeSO,, 5% chromic acid), 20-30 min. at 45-60° C., 
or three hours at room temperature; rinse in water and 
dry rapidly. The solution attacks aluminum and its 
alloys very slowly, compared with NaOH. 

5. Ten per cent H2SO,, 1% NaF, 10 min.,” following 
which dip for one min. in 50°% HNOs, and wash in water. 

6. Five per cent HNOs;, 10% HF, 85% water, 30 
sec., rinse in water and weld as soon as possible.'™* 

To clean duralumin before spot welding, Ward® used 
carbon tetrachloride to remove oily matter. Trichlor- 
ethylene is used*® to remove grease before chemical or 
mechanical cleaning, or before spot welding sheets that 
have been cleaned and greased not more than about two 
months before. 


Mechanical Preparation 


The preferred method"? of mechanical preparation 
appears to be wire brushing. It is used by one author- 
ity® for duralumin, by another*® as the equivalent of 
emery, and by still another” to remove dirt, grease or 
paint from parts that have not been heat treated, etching 
being used for heat-treated parts. Steward,*® who cleaned 
all four sheet surfaces, used a rotary steel wire brush 
2*/, in. diameter. More frequent tip dressing was re- 
quired with emery or aloxite than with wire brushing. 
The brush used by Hubert" had wires 0.008 in. diameter, 
the wheel was 0.79 in. wide, 2*/s in. diameter, and the 
speed was 1500 r.p.m. Ayers’'* brush operates at 3000 
r.p.m., is 3 in. diameter, and has wires 0.012 in. diameter. 
It is possible to wire brush Alclad 0.004 in. thick without 
puncturing the cladding, although Hinxman” warns 
against scratch brushing Alclad. 

Besides wire brushing, emery paper*' or fine emery 
cloth*?* may be used. Emery dust should be wiped*! 
off before welding. Buffers? have been used. Steel 
wool’ removes the film from Al-Cu alloys, but is too weak 
for other alloys to which the film adheres more strongly. 
Although sand is not satisfactory, according to one 
authority,*® sand paper” has been used for heat-treated 
alloys. Hibert* found that sand paper is essential to 
remove the film from parts that have been heat treated 
several times, for which etching is too weak. Bohn* 
used sand paper under the tip and sometimes on one of 
the faying surfaces of heat-treated alloys. Sand paper 
was too rough for Alclad. 

There is a basic difference between the surfaces pro- 
duced by chemical and mechanical preparation. In the 
etching solution the crystals of aluminum dissolve at 
different rates. The surface is roughened on a micro- 
scopic scale, but there is no deformation of the crystals. 
Upon being dried the surface oxidizes. The surface 
created by mechanical preparation of aluminum has 
not been thoroughly investigated. The surface of a 
single crystal of aluminum that had been ground, 
smoothed with emery paper and metallographically 


polished with two grades of alumina, revealed a layer oj 
extremely fine, equi-axed crystals 0.006 in. deep, below 
which was a layer of deformed crystals 0.0012 in. deep. 
These results were deduced from X-ray reflection pat- 
terns. Other studies suggest that a thin layer of stirred- 
up atoms without crystal structure may be present on 
polished surfaces of aluminum, the amorphous layer per- 
haps possessing unusual solvent capacity for other met- 
als. The heat developed by any method of mechanical 
preparation would favor the formation of a thick oxide 
film over the abraded surface. If we may assume that 
emery papering and wire brushing of aluminum create a 
ridged surface, the flattening of the ridges under elec- 
trode pressure would assist in cracking loose the oxide 
film. 


Inserts 


To make it possible to spot weld aluminum or duralu- 
min, Meadowcroft** interposed steel shims between 
each copper electrode and the sheet surface. For ex- 
ample, for aluminum 0.050 in. thick, steel shims 0.01s- 
0.020 in. thick were used. Others*****° adopted the 
suggestion, which appeared to prevent sticking of tip to 
sheet and may have affected the depth of the depression. 

Inserts have also been placed between the sheets, in- 
stead of between tip and sheet. An aluminum foil 
0.004—0.012 in. thick may be placed®** between sheets of 
heat-treated alloys, such as 3.5-5.5 Cu, 0.2-2 Mg, or 
4.5-6 Cu, or 0.5-2 Mg, 0.3-1.5 Si. LoBue’*® inserted a 
shim of anodically oxidized duralumin between unoxi 
dized sheets (see section on LoBue Method). To raise 
the electric resistance in the weld zone, one investigator’ 
inserted a mesh of iron, nickel, copper or brass between 
the sheets, and thus succeeded in welding greater thick- 
nesses than had been possible without the benefit of the 
mesh (no details). Flat electrodes anay be used on bot! 
sides of the joint if an insert (no details) is placed between 
the sheets, according to Frost.* 


LoBue Method 


Contrary to accepted ideas, LoBue® anodically oxi- 
dized the surfaces of duralumin in order to increase thi 
contact resistance. A brush, which contained a felt- 
covered electrode, applied 3% oxalic acid (4 to 8 in. per 
sec. 80 volts d.c.) to the spots to be welded. A milky 
white, adherent oxide is formed. The best tip pressur 
was 500 lb./in.* of tip surface. With an electrode 0.1!” 
in. diameter and a total load of 132 Ib., a joint between 
two sheets of duralumin 0.039 inch thick containing tw: 
welds, each made in '/; sec., had a strength of 375-420 
lb., four days after welding. Increasing the time to | 
sec. lowered the strength to 330-350 lb., while decrease 
in total load to 90 Ib. reduced the strength to 310-330 Ib 
Too high pressure breaks through the oxide, lowers th 
contact resistance and requires an increase in current, 
which defeats the purpose of the method. Current and 
type of electrode were not stated, and the strength is low 
compared with welds in cleaned sheets. 


Contact Resistance 


Contact resistance, which is the resistance to curren! 
passing from the surface of the tip to the surface of the 
sheet, or from the surface of one sheet to the surface 0! 
the next sheet, probably is made uniform by suriace 
preparation. The effect of surface preparation on d 
contact resistance is shown in Table 1. The bars were 
twice as thick as the upper limit for spot welding anc 
the contact surfaces were many times greater. Neve! 
theless, the results show that aluminum has a high con 
tact resistance compared with copper, but that cond 
tions favorable to absence of oxidation lower the contact 
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resistance. Increase in pressure lowers the contact re- 
sistance. At a pressure of 4000-6000 Ib. /in.* the contact 
resistance of the specimen exposed several weeks before 
test dropped suddenly from 90 to 52 ohm x 10~‘/in.’, 
presumably because the oxide film was punctured. 
Zimmerman believed that the surge of current in the 
first cycle of the oscillogram of a spot weld in Alclad was 
related to the breakdown of an oxide film. Similar surges 
unexplained) were observed by an English writer* in 
spot welding duralumin 0.08 in. thick. High currents 
and short times were recommended by Ferney* because 
high voltages, which break down contact resistance, were 
required. If low voltages were used, it was believed that 
there would be a surge of current when breakdown oc- 
curred, which might burn a hole in the sheets. 


Table 1—Effect of Surface Preparation on Contact Resist- 
ance. H. Schmitt and B. Wulff (1930) 


Contact Resistance, 
Ohm X 10° */In.? 
Pressure = Pressure = 
Surface Preparation 1000 Lb./In.? 7100 Lb. /In.? 
Filed with a fine file and smoothed 
with emery cloth immediately 
before test 20 10 
Filed; immediately before test coated 
with vaseline, then smoothed with 


emery cloth; vaseline not removed 8.1 3.9 
Filed with a fine file immediately be- 
fore test 5.9 3.5 


Filed longitudinally with a coarse file 


immediately before test 4.7 2.6 
As-rolled, but coated with a special 

paste 4.0 1.2 
Filed with a fine file several weeks 

before test 104 52 
Ditto, coated with a special paste 

immediately before test 3.8 1.8 


Contact was made between two commercially pure aluminum 
bars 0.24 in. thick, 1.57 in. wide, overlap = 3.3 in., held together 
by hydraulic pressure at room temperature. The paste contained 
tiny angular particles of a hard metal. For comparison copper 
bars of the same dimensions filed with a fine file and smoothed 
with emery immediately before test had contact resistances of 
3.9 and 1.5 ohm x 10~‘/in.? under pressures of 1000 and 7100 
lb. /in.*, respectively. Current not stated. 


Although Popov** believed that contact resistance is 
inversely proportional to pressure, Schmitt and Wulff 
could not confirm inverse proportionality, and Steward’ 
mentions tests in which contact resistance decreased with 
increase in pressure approaching a constant value. Al- 
though it was found that the current required to make a 
good weld in duralumin approached a constant value as 
pressure was increased, it was not suggested that contact 
resistance at room temperature was responsible. Lo- 
Bue*® believed that oxide films increase the contact 
resistance and, in accordance with I?RT, decrease the 
current required to weld. 

_ Several authorities*®“* believe that contact resistance 
is a major factor in spot welding aluminum and its alloys. 
Bollenrath and Bungardt® adjusted the electrode pres- 
sure to secure good contact resistance and to break the 
oxide film, but no measurements or observations on either 
factor were reported. After applying an initial high 
pressure, they lowered the pressure before switching on 
the current, in order to raise the contact resistance. 
Again, no measurements of contact resistance were re- 
ported for decreasing pressures. Too low pressure causes 
louling of electrodes due to high contact resistance and 
severe heating, according to Borstel.'* Hubert'® is of the 
opmion that the temperature developed in the weld is 
governed by contact resistance. At the same time that 
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high contact resistance causes the electrode to deterio- 
rate, necessitating cleaning of the sheet surface, Hibert*® 
points out that the low contact resistance of Alclad calls 
for high currents, which involve rapid deterioration of the 
electrode through pick-up of aluminum. He stated'® 
that the contacting surfaces of alloys that do not contain 
copper should not be etched, otherwise there is insuf- 
ficient contact resistance for good welding. 


Electrodes (Tips 


More writers have discussed tips than any other single 
factor in the spot welding of aluminum and its alloys. 
The important part of the electrode is the tip, which 
according to Bollenrath and Bungardt* must fulfil three 
general requirements: 

1. Retain its shape for a considerable time under high 

pressure at operating temperature. 

Possess high thermal conductivity in order to re- 
main cool. 
3. Form no alloy with the sheet. 


In addition, the electrode assembly must be light (low 
inertia), particularly if the pressure must vary during 
the welding cycle. Of the general requirements, the first 
is measured at present in terms of hardness at room tem 
perature. The composition and metallurgical treatment 
of the tip are balanced against thermal conductivity, 
which is measured in terms of electrical conductivity, 
the two conductivities being loosely related. Electrical 
conductivity itself may be an important factor, too. 
The third general requirement depends on many vari- 
ables; perhaps the ““X"’ property discussed by Harring- 
ton*’ is involved. 

Progress in tips has been steady during the last decade 
as their requirements were realized. Most authorities 
recommend a hard, copper-base alloy; a few prefer elec- 
trolytic copper. The choice between these two does not 
seem to be governed by differences in machine settings 
or welding cycles, so far as the literature reveals. 


Hard, Copper-Base Alloy 


Alloys of this type are preferred by most authori 
ties. ®:71,22,45,49,50,51 The alloy may be of the heat- 
treated®’ or precipitation hardening type.®* For some 
aluminum alloys (no details) Harrington*’ recommended 
cold-rolled copper containing 1% cadmium. Copper 
containing 1°, tin®! was satisfactory in 1930. One 
authority”® states that hard copper alloys are superior 
to tungsten-copper tips. On the other hand, Osswald” 
found that welds made with hard copper alloy tips had 
greater variation in strength than welds made with elec- 
trolytic copper tips. It seemed to be inferred that the 
hard alloy is supported on the ridges of the sheet surface 
and does not make contact over so large an area as the 
soft copper, which flows around microscopic projections 
on the surface. 

Electric Conductwity.—-High conductivity is essential. 
The lowest recommendation is at least 75°; 
hard-drawn"! or pure** copper. Others recommend over 
75%,7! 85%,™ or SO to 90%.*® The cold-rolled 
copper containing 1°, Cd, proposed by Harrington,*’ 
has conductivity. 

According to F. R. Hensel (private communication, 
April 1940), best results in tests on 2S-'/2H in the mirror 
bright condition were obtained with a work-hardened, 
copper-base alloy with 92% electric conductivity, 74 B 
Rockwell. Satisfactory results also were obtained with 
another work-hardened, copper-base alloy with electric 
conductivity = 98%, hardness = 64 B Rockwell and 
with an age-hardened, copper-base alloy with over SO"; 


of! 22,24 
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TEMPLEATURE OF 
COOLING WATER 


CONTACT OF TIP 
WITH WATER 


| 
COPPER-HASE ALLY TIP HAVING 
THERMAL CONDUCTA VITY = 0.82 THIS CURVE SHOWS 
TEMPERATURE ALONG 
CENTER LINE OF 
TIP AND SLUG 


THERMAL CONDUCTIVITY = 0.4 


SLUG 15! HOT AND 


\, TENDS TO EXPAND / 


THIS KEGION IN TENSION 
PARALLEL TO SURFACE OF 
SHEET AND IN COMPRESSION 
PERPENDICULAR TO SHEET 
DURING WELDING 


FLAT ELECTHMODE 
ON THIS SIDE 


OF TIP-~SHEET CONTACT 


Fig. l—Diagrammatic Sketch of the Spot Welding of Aluminum Sheets 
with a Conical Tip (7°) on One Side and a Flat Electrode on the Other. 
The Conical Tip Is */s In. Diameter, the Cooling Water Well Being '/: In. 
Diameter. Sheets Are 0.102 In. Thick. The Temperature Distribution 
at the Right Is Hypothetical and Is Adapted from W. Johnson. The 
Reversed Temperature Gradient in the Sheet at the Tip-Sheet Contact 
Is in Accordance with Local Melting at the Tip-Sheet Contact That Has 
Been Observed Under Some Conditions 


electric conductivity, 85 Rockwell B. The electric con- 
ductivity of the aluminum was found to be 60% I. A. C. 
S. and the hardness was 30 Brinell (500 kg. load, 10 mm. 
ball). The surface of the sheets was not prepared before 
welding. All tests were made on a 100 kva. synchro- 
matic press type welder under the following conditions: 
Sheet thickness—0.040 in. 
Sheet size—10 x 12 in. 
Spot weld spacing—'/2 to °/s in. between spots. 
Current timing—4 to § cycles. 
Welding speed—50 spots per minute. 
Tip load—450 to 620 Ib. 
Stroke—1'/¢ in. 
Piston push-up—*/s in. 
Water flow through holders—-0.90 gal./min./ tip. 
Welding cycle: 
Delay—12 cycles. 
Weld—4 to 8 cycles. 
Hold—16 cycles. 
Welding current—15,600 to 19,400 amps. 
Electrode design: 
2 in. No. 2 Morse taper tip, °/s in. major diameter. 
in. water hole. 
*/, in. nose length. 
7 deg. conical and | in. radius face. 


Both tip endurance and weld strength were the criteria 
of good performance; it was found that considerable 
variations in welding conditions might be tolerated with 
the best tip without producing weak welds. 
Hardness.—Rockwell B 60** or over*! is advisable, 
Weigner*’ recommending B 65 to B 90. Harrington’s*’ 
cold-rolled copper alloy containing 1% Cd was B 65, 
and had a proportional limit (Sayre extensometer) of 
27,000 to 30,000 Ib./in.* at room temperature. 
Cleaning.—The frequency with which tips have to be 
cleaned is: every 6 to 10 welds,”® 20 to 30,’ 100 to 


200,°:'>? 200,°* 200 to 400,7* 250 to 400,'! or 300 to 509." 
It was necessary to clean the copper-alloy tips tested 
by Hensel (see section on Electric Conductivity) with 
No. 0 French emery paper every 15 or 20 welds to prevent 
sticking, extend the life of the tip, and improve the ap- 
pearance of the welds. Steward® could make ten times 
as many welds on Alclad before cleaning became neces. 
sary than on unclad alloys. Cleaning was necessary 
when small brown specks appeared on the weld. Fre- 
quency of cleaning probably depends on the machine 
settings, including thickness to be welded, as well as on 
composition, hardness and surface finish of sheets and 
electrodes. 

Tips may be cleaned with sand paper,”’*' emery 
paper®® or any fine abrasive cloth."! Filing''** damages 
the contour and should not be used. A special jig*® (no 
details) may be used. Hibert,*’.'** who cleaned the tip 
after 6 to 10 welds, remachined it’after 200 to 400 welds 
Hensel remachined the copper-base alloy tips described 
in the section on Electric Conductivity after 300 welds 

Water Cooling is essential for any tip material and 
should extend to within '/, or */, in. of the end of the 
tip,''** except for large flat electrodes,** for which water 
cooling is not so essential. The rdle of water cooling may 
be appreciated from Fig. 1. Although no experiments 
have been reported, it seems likely that the size of the 
slug can be influenced by the temperature of the tip, 
that is, by the temperature and rate of flow of cooling 
fluid. 

Shape of Tip; Conical.—The conical electrode, Fig. 2, 
is most frequently mentioned. The angle is 7°,°!°!)" 
19,22,40,46,50,161 except for thick sheets ('/s in.) for which 
the angle''®* is increased to 11°. A few recommend 
7'/. to 10°.*!3%53 The angle appears to have been de 
termined by experience, although Larsen’ and others 
state that the angle is related to the angle of friction (no 
details). As the sheet softens during welding the cone is 
believed*® to penetrate deeper into the sheet and to in- 
crease the area of contact between sheet and tip. In 
this way the current density is decreased, which is be 
lieved to exert a stabilizing action. No measurements 0! 
the penetration of tip into sheet during welding were 
made, but it is clear that a decrease in current per unit 
area of tip contact will decrease the tendency of the sur 
face of the sheet in contact with the tip to melt. 

Hobrock” and Bollenrath and Bungardt® used 
conical tips because they were believed to provide uni 
form pressure (plastic deformation) over the contact 
area. The compression tests upon which these investi 
gators based their use of conical tips were made by Siebe! 
and Pomp on aluminum cylinders 2.4 in. high, 1.2 in 
diameter. When the cylinders were slowly compressed 
between plane parallel plates without lubrication, th 
well-known barrel shape was produced. If cones (17 
angle) were used instead of plates, the cylinders did not 
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Fig. 2—Conical Water-Cooled Tips. Hoglund'! 
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become barre] shaped during compression. Lubrication 
of plane parallel compression plates removed the major- 
ity of the friction that restrains the ends of the specimens 
and also prevented barrel-shaped deformation. Siebel 
and Pomp concluded that the conical indenters of the 
correct angle create uniform plastic deformation through- 
out the specimen. Unlike conditions in spot welding, the 
distance between indenters was never less than '/»2 the 
diameter of the specimen in the tests, and the tempera- 
ture was uniform throughout the specimens. 

Hobrock believed uniform plastic deformation in the 
metal between the electrodes was desirable because the 
shape of the slug was rectangular instead of lenticular. 
Fusion did not occur during welding. The conical tips 
created nearly uniform plastic deformation throughout 
the cylinder of metal exactly between the electrodes. 
Passage of current heated the contact zone in which fur- 
ther plastic deformation accompanied by immediate 
recrystallization (hot work) occurred. Hobrock did not 
state the réle played by the conical tips during the heat- 
ing period. Doubtless the nearly uniform plastic defor- 
mation over the contact area yielded uniform contact 
resistance and heat distribution, neglecting non-uniform 
current path and thermal conduction. Thus local over- 
heating and fusion may have been prevented. Bollen- 
rath and Bungardt wished to have all the metal between 
the electrodes strained beyond the critical extent leading 
to coarse recrystallization, despite the fact that a criti- 
cally strained zone was bound to surround the more 
heavily deformed metal. 

Spherical—From the standpoints of machine setting 
and quality of weld, it is immaterial*.'*.*!%.5% whether 
a hemispherical or a conical tip is used. The conical tip 
is easier to machine but the spherical tip is easier to 
clean. In the tests reported by Hensel (see section on 
Electric Conductivity) the spherical tip was quite satis- 
factory for copper-base alloys. The radii of the tips 
used by Frost*! and Fassler®! were '/2 and 2 in., respec- 
tively. Others using spherical tips rely upon good judg- 
ment in producing a “‘slightly rounded’’ contour. The 
smaller the radius, the deeper is the indentation.” 

Flat.—It is generally agreed that one of the electrodes 
may be flat, that is, about 1 inch square.“ The flat elec- 
trode is placed on a spherical seat, which alone is water 
cooled. There is no depression on the sheet in contact 
with the flat electrode, but the slug is off center.*? An 
11” cone may be used if one of the electrodes is flat in 
stead of the 7° cone.”* Frost*! states that an insert must 
be placed between the sheets if two flat electrodes are to 
be used. However, with condenser-discharge welders,' 
it is possible to use two flat electrodes, although it is 
doubtful whether the pressure is more uniformly dis 


tributed under them than under conical or spherical 
tips. 


Copper 


Although unsatisfactory according to one authority,’ 
hard-drawn copper is as good as any other material 
lor tips according to Osswald™ 
preferred electrolytic copper to copper-base alloys de 
spite the fact that the latter require less frequent clean 
ing. However, copper is easier to clean because alumi 
ium does not penetrate so deeply and has high conduc 
uvity. The softness of copper is a disadvantage only for 
electre des of complex shape. An electrolytic copper tip 
reimlorced with steel (no details) was recommended by 
Van Thijn.® 

Cleaning.—Hubert describes a complicated pro- 
cedure for cleaning and cold working electrolytic copper 
Ups (truncated 120° cone, see section on Shape of Tips). 
lhe tips are closed under light pressure on a flat bar 


1940 


RESISTANCE WELDING ALUMINUM 251 -: 


covered with fine emery cloth. The bar is turned be- 
tween the tips. The emery cloth is replaced by a bar of 
polished steel which is turned between the tips under a 
heavy pressure. The pressure should not cause seizure 
When the tips are remachined, the ends are hammered to 
raise the hardness. 

Water Cooling.—Water is carried to within 0.47—-0.59 
in. of the end of the tip'' by a tube 0.32 in. diam. About 
100 gallons of water per hour must be supplied to a ma- 
chine rapidly welding light alloy sheets 0.08 in. thick. 

Shape of Tip: Conical.—For electrolytic copper tips 
the angle should be 10 to 20°, according to L’Aluminium 
Francais,'* or 30°, according to Hubert." The angle is 
larger than for hard copper base alloys of lower conduc 
tivity, but is sufficiently small to prevent overheating the 
apex. Hubert’s tips are truncated cones, Table 2. The 
contacting surfaces are flat, in which condition they are 
simpler to maintain than slightly rounded surfaces. 


Table 2—Diameter of Plane Surface of Truncated Conical 


Tips of Electrolytic Copper. Hubert" 

Sheet Thickness, Diameter, Sheet Thickness, Diameter, 
Inch Inch Inch Inch 
0.013 0.12 0.039 0.18 
0.020 0.14 0.047 0.20 
0.025 0.16 0.059 0.22 


0.032 0.20 0.079 0.24 


Spherical, Flat and Tubular-Two slightly domed 
tips were used by Reichel.*! Osswald™ used a flat fixed 
electrode and a slightly hemispherical tip on the movable 
electrode. Welds made with these tips in 7% Mg alloy, 
0.079 in. thick were subjected to alternate immersion for 
3'/, months in an agitated solution containing 3°; NaCl, 
0.1% HeO.. The static strength was not decreased. 
There was slight uniform corrosion of the side in contact 
with the flat electrode. The vicinity of the weld in con- 
tact with the spherical electrode was attacked locally, 
and there was a dark deposit over the spot. The explana 
tion may lie in the fact that the flat electrode required 
little cleaning because the current density was low. One 
flat copper tip may be used for sheets less than 0.08 in. 
thick, according to L’Aluminium Frangais."* 

Two different types of tubular electrodes with ring 
shaped contact surfaces were used by Osswald," in con 
junction with flat fixed electrodes. Similar tests were 
made with two different types of spherical electrodes also 
in conjunction with flat fixed electrodes. There was no 
essential difference in strength between welds made by 
the different combinations at each of three machine 
settings, and the scatter of results was less than 20°, 
Details of the electrodes and machine settings were not 
supplied. 


Other Electrodes 


Tungsten-Copper.—Tungsten-copper were 
among the first to be used for aluminum and its alloys 
Dunlap* used tungsten-copper tips with a contact sur 
face '/,-*/s in. diameter for thick sheets. To weld dur 
alumin 0.018—0.032 in. thick, Ward® used tungsten-cop 
per tips, which were cleaned with sand paper. The upper 
tip was slightly spherical, the lower was flat. Bollen 
rath and Bungardt’ found that copper-rich tungsten 
copper tips maintained their shape well under pressure 
There was less pick-up with tungsten-copper tips than 
with pure copper in Reichel’s*' experience, who neverthe 
less used pure copper for economic reasons. Bosshard*’ 
used either pure copper or tungsten-copper tips. A 
French authority” stated that tungsten-copper tips ar 
not so satisfactory as hard copper-base alloys, which is 
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in agreement with Hensel (see section on Electric Con- 
ductivity) who had great difficulty with sticking of 
tungsten-copper electrodes of 29% electric conduc- 
tivity, 96 Rockwell B. 

Chromium-Plated Copper.—Daily production in 1928 
was twice as high with chromium-plated copper tips® 
as with unplated copper. The spherical tips, '/, in. 
radius, made it possible to weld thin sheet (0.010—0.020 
in.), which could not be welded with flat electrodes on 
account of uneven contact. Water cooling extended to 
within '/s in. of the end of the tip, which was never ground 
or filed. Later, Dunlap*' used a slightly rounded tip™ 
instead of pronounced curvature. A slightly curved tip 
was better than a tip having a flat surface to secure uni- 
form quality, especially in thin sheet. The contact area 
was '/,*/i in. diameter. Since about 1930,""* there 
has been no mention of the chromium plated tip, with 
which there was less pick-up than with unplated copper. 
Presumably the plating was of the industrial rather than 
the decorative type. F. R. Hensel (private communi- 
cation, April 1940) has had little success with chromium- 
plated tips, upon which oxide films seemed to form. 

Miscellaneous.—-Solid chromium®*® or tungsten®™ tips 
have been recommended. Pure tungsten (electric con- 
ductivity = 29%, 96 Rockwell B) as an insert on a cop- 
per-alloy backing cracked during welding in Hensel's 
tests (see section on Electric Conductivity). Aluminum 
entered the cracks, wedging them open, because surface 
melting was severe. A molybdenum tip with slightly 
rounded surface of the type shown in Welding Handbook 
(1938 Edition, p. 213, Fig. 3, right) was used by Dunlap** 
in 1929. In 1927 an iron electrode” was used. Hensel® 
recommended a tip containing 40 Ag, 60 Mo, in 1938 
but in later tests described in the section on Electric 
Conductivity, pick-up and sticking with a molybdenum- 
silver tip (electric conductivity = 48° I. A. C. S., 87 B 
Rockwell) were pronounced. Pure silver as a layer '/5 
in. thick on a copper alloy mushroomed after a few welds, 
lost its contour at once, and tended to pit. A silver alloy 
tip (7.5 Cu, 92.5 Ag, 85°) electric conductivity, 76 B 
Rockwell) stuck badly. 

Pick-Up 

Tips for spot welding aluminum and its alloys require 
periodic cleaning to remove accumulations of tiny parti- 
cles of oxide or aluminum called pick-up. In Hensel’s 
tests (see section on Electric Conductivity) alloying of 
aluminum with the copper-base alloy tips caused deep 
fissures in the tip face, which necessitated remachining. 
Pick-up may also refer to the adherence of particles from 
the tip to the aluminum (see section on Corrosion). 
Neither type requires the presence of fused metal. Flat 
electrodes exhibit less pick-up than other shapes, because 
the current density is lower." A French authority” 
believes that pick-up depends primarily on the magnitude 
of the pressure and its constancy during welding. If the 
pressure is high, the copper may seize to the aluminum. 
Fluctuations in pressure during a single weld increase 
rubbing, and serve to increase the relative motion be- 
tween sheet surface with respect to tip surface. Both 
seizure and rubbing are believed to increase pick-up. 

On the contrary, Hoglund and Bernard" found that 
increase in pressure decreases pick-up. However, 
whereas these investigators employ 700 to 900 Ib. total 
load on a tip °/s in. diameter, 7° cone, to weld two sheets 
0.08 in. thick with 27,000 to 29,000 amp., the French 
authority employs 16,500 Ib. total load on a tip 0.39 in. 
diameter with 75,000 amp. to weld the same thickness. 
When Hoglund and Bernard increase the pressure, it is 
nevertheless far lower than the pressure used by the 
French authority. The expedients adopted by Hoglund 


and Bernard to decrease pick-up are reduction in current 
and increase in pressure. Both measures probably re. 
duce the temperature at the tip-sheet contact. As the 
temperature increases, pick-up is said to become more 
troublesome. Pick-up occurs principally during the first 
'/s cycle of welding, when a. c. is used, because the eon. 
tact is small, and the current density is correspondingly 
high. 

A different view is held by Osswald,'* who nevertheless 
believes with Hoglund and Bernard that pick-up or 
alloying of tip with sheet occurs more rapidly as the 
temperature at the contact rises. Osswald, however 
states that the maximum temperature occurs near the 
end of the welding period. As pick-up fouls the tip, the 
weld first loses its metallic appearance due to an alloy 
layer, then molten metal containing copper is formed on 
the surface, and at last, as the tip-sheet contact resis. 
tance becomes excessive, a hole’ may be melted 
through the sheets. The higher contact resistance (no 
details) created by pick-up causes shrinkage cavities in 
the center of the weld for some reason. Pick-up is rapid 
if the sheets or tips have a rough surface. Localized high 
temperature at the contact between ridges on the tip and 
ridges on the sheet may promote alloying. Perhaps, too, 
the ridges may embed themselves mechanically in the 
tip or vice versa, and may be pulled loose as the tip is 
raised. 

An unusual source* of pick-up with d. c. machines 
(accumulation of energy) is the tiny flash that occurs if 
the tip is raised too soon from the sheet. The trans 
former and throat of these machines have a very high 
self-inductance, which prolongs the flow of current and 
gives rise to the spark. The spark is prevented by send 
ing a small reverse current through the primary directly 
after welding, which cancels the secondary current. Th: 
nature of the pick-up, which was not described, depends 
perhaps on the polarity. : 


MACHINE SETTINGS 


Consistently good spot welds can be made only ii all 
variables are controlled. Besides the variables intro 
duced by surface preparation, tips and the machine it 
self, there are the machine settings; pressure, timing and 
current. These are adjusted to suit the thickness, whili 
composition, surface preparation, mechanical properties 
and physical constants of the sheet and spot spacing hav 
minor influences on settings. 

Compared with other metals, aluminum has fair!) 
high thermal and electric conductivity and heat content 
Table 3, but has rather low melting point and hardness 
The alloys have approximately 50 to 80% of the condu: 
tivity of 99.97% Al, and are harder. The conductivity 
and hardness of 24S-T are closer to iron than to alu 
minum. 

The film on aluminum and its alloys is perhaps their 
most distinguishing characteristic for spot welding and !s 
discussed in the section on Surface Preparation. [li 
yield strength of aluminum and its alloys in compression 
appears to be approximately equal to the yield strengt! 
in tension at room temperature; at elevated tempera 
tures there is no information and the time of heating 
comes important. Aluminum has a high thermal coe! 
ficient of expansion about twice that of iron at room tem 
perature. 

Three other properties have been mentioned’ 4 
disadvantages of aluminum for spot welding: 

1. Heat-treatable alloys are liable to intergranula! 
corrosion near the weld. True only of the alloys contal! 
ing relatively large proportions of coppers, the statement 
provides no clue to any effect on machine settings. 
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Table 3—Some Properties of Aluminum and Its Alloys Significant for Spot Welding 


Electrolytic 
Property 38-'/2H 52S-'/,H 24S-O 24S-T 99.97% Al Iron Copper 
Electric conductivity at 20° C., per unit volume* 41 40 50 30 65 17.5 100 
Thermal conductivity at 20° C., c.g.s. unitst 0.38 0.37 0.45 0.28 0.50 0.18 0.91 
Heat to raise 1 lb. from 0° C. to melting point, Btu. 292 5 478 203 
Heat to raise 1 Ib. from 0° C. to above melting 
point, Btu. 461.6 595 295 
Lowest temperature at which liquid appears, °C. About 660 About 600 About 550 About 550 660 1530 1083 
Approximate recrystallization temperature, ° C. iy 200 500 250 
Brinell hardness at room temperaturet 40 42 105 16** 100** 45** 
Boiling point, ° C. L800 3000 2324 


* Per cent of International Annealed Copper Standard. 
+ Cal. /em.?/cem./sec./° C. 


t Values for aluminum and its alloys are for 10-mm. ball, 500 kg. 


** The softened condition. 


2. Narrow range of temperatures in which pressure 
welding is possible. The recommended temperature 
(400-420° C.) for forge welding aluminum is */, of the 
absolute melting point, about the same ratio as for nickel 
and iron. Its range of pressure welding temperatures 
(250° C. for Al) consequently is not abnormally narrow. 

3. Coarse recrystallization. Like most metals, alu- 
minum, when it is strained 5 to 10% and slowly re- 
heated to cause recrystallization, consists of large grains, 
a structure which is not so ductile as fine-grained alu- 
minum. However, it has been found that short time, 
for example 1 to 5 sec., as in spot welding, at the recrys- 
tallization or annealing temperatures may prevent the 
formation of coarse grains in critically strained alumi- 
num containing 8.8% Mg. Coarse recrystallization 
therefore, may depend closely on machine settings, but 
is a disadvantage which aluminum shares with many 
other metals. 


Three types of machine settings are: 


1. Constant pressure applied before a. c. is switched 
on, and maintained until current is switched off. 

2. Similar welding cycle substituting the accumula- 
tion of energy principle for ‘‘constant”’ a. c. 

3. Either a. c. or accumulation of energy with high 
pressure before and after passage of current, called 
“program control.’’ Compared with Type 1, the pres- 
sure and current are very high in Type 2. In Type 3 
the pressure during passage of current is about the same 
as in Type 1, even though the accumulation of energy 
principle is utilized, but is higher before and after current 
has passed. The current may be reduced toward the end 
of Type 3 welding cycle. In view of the differences be- 
tween the three types of machine settings, each type will 
be discussed separately under each machine factor. 


Tip Load 


Pressure is required in spot welding aluminum to hold 
the sheets together. The pressure affects the thermal 
and electrical contact resistance® between tip and sheet 
and also between sheets before welding occurs. Pressure 
may affect porosity, depth of impression and exudation 
of molten metal between sheets. Uniformity of plastic 
deformation® caused by tip pressure has been thought” 
to govern grain size in recrystallization welds. Indi- 
rectly, pressure may govern the rate of heating and cool- 
ing, and size of slug. 

Pressure in spot welding nearly always is quoted as the 
total load on the tips. If a platform scale were placed 
between the tips under pressure, its reading would be the 
total load. For some reason the total load is called 
pressure by most investigators. In this review the term 
total load is employed to signify that the load on the 
sheets when pressure is applied (current off) consists 
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usually of a part of the weight of the electrode assembly 
and arm (usually negligible) and of the load exerted by 
the pressure mechanism. Inertia loads are not included. 

Total load rather than load per unit area is quoted, 
because it seems meaningless to use the cross-sectional 
area of the electrode as the unit area. The area of con- 
tact between tip and sheet, besides being difficult to 
measure, is not used because the load is not uniformly dis- 
tributed over each unit area of the contact surface. Al- 
though the area of contact between sheets may increase 
during welding, the total load divided by the final cross- 
sectional area of the welded surfaces may be a useful 
measure of pressure at the end of the welding cycle. 

Total load is calculated by Hoglund and Bernard™ 
in spot welding aluminum by multiplying the air pres- 
sure by the area of the air cylinder and by the ratio of the 
lever system between tips and air ewlinder. They ap- 
plied pressure | sec. before switching on the current and 
maintained pressure 0.1 sec. after current was switched 
off. Similar calculations doubtless are relied upon by 
other investigators, including those who utilize program 
control." In program control a low pressure of about 
15,000 Ib./in.* is applied for 0.01—0.06 sec. during the 
passage of current between initial and final pressures of 
over 50,000 Ib./in.,* calculated on the area of contact of 
the tip. Doubt has been cast** on the capacity of spot 
welders to shift from high to low and back to high pres- 
sure again within the space of 0.01-0.06 sec. Direct 
measurement of the total load during spot welding 
aluminum has not been attempted. 

Type I (A. C. Welders).—The total load is approxi- 
mately proportional to thickness, Table 4. With a few 
exceptions the different authorities are in good agree- 
ment. Manevich® decreased the total load a trifle as 
the thickness of duralumin sheets was increased in the 
range 0.032—0.039 in. Pressure does not depend on com- 
position’ of sheet, but may be increased as the hardness 
of the sheet increases.**** Borstel’ increases the total 
load in direct proportion to the tensile strength of the 
sheet (no details). The pressure for aluminum has been 
said to be higher than for brass™ (comparison with recent 
information shows that the total load is about the same 
as for high brass) but lower than for 18-8,” and only ' 
to '/, that required for mild steel.**”! 

Size of Slug.—Other factors held constant, increase in 
total load decreases the diameter of the welded slug, 
which occupies a smaller proportion of the thickness, 
Table 5. Steward® found that the size of the slug (no 
details) was inversely proportional to pressure (300 
1150 Ib.) in welding Alclad 24S-T 0.064 in. thick, 10 
cycles, 27,000 amp. In other tests with 2S-O, 2S-H, and 
3S-H, Hoglund and Bernard"? found less effect than in 
Table 5. Total load affected the thickness of the slug 
more consistently than the diameter. It is possible that 
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Table 4—Machine Settings for Spot Welding with an A.C. Machine 


Thickness 


Inch, Time, 
of Each Total Cycles of 
of Two Load, 60 Cycle, Current, 
Sheets Lb. a <. Amp. Other Factors Reference 
0.010 220 min 2 min. 14,000 Alclad 24S-T Mallory,?* 1937 
Steward,® 1936 
0.010 150 (0.015 sec.) 11,000 17S-T Burns,*®® 1937 
0.016 200-350 4 13,500-15,000 2S, 3S, 52S, 53S, Alclad 24S-T Hoglund and Bernard,'? 193s 
0.016 150 3 13,000 Aluminum Frost,*! 1939 
0.016 200-400 4 14,000 Welding Handbook,"! 1938 
Hunt,** 1939 
0.020 250-400 6 15,000-16,000 25S, 3S, 52S, 53S, Alclad 24S-T Hoglund and Bernard,'? 1938 
0.020 200 4 15,000 Aluminum Frost,*! 1939 
0.020 300-500 6 16,000 Welding Handbook," 1938 
Hunt,5* 1939 
0.020 200 52S-O, Alclad 24S-T Hibert,”° 1938 
0.020 220-330 (0.01-0.02 sec.) 10,000 Duralumin, copper tips L’ Aluminium Frangais,'* 1938 
0.020 200 (0.020 sec.) 15,000 17S-T Burns,*? 1937 
0.020 300 3 18,000 Alclad 24S-T Mallory,®? 1937 
Steward,® 1936 
0.020 220 5 as piace Copper tips Osswald,'® 1937 
0.020 200-300 1 15,000 Larsen, 1936 
0.020 94.5 (0.032 sec.) 16,400 Duralumin, tungsten-copper tips Ward, 1934 
0.020 80 4,700 2S, 3S, spherical ('/, in. radius) Dunlap,®? 1928 
chromium-plated copper tips 
022 300-500 1 17,000 Hinxman,?’ 1939 
0.0380 300 . 52S0, Alclad 24S-T Hibert,” 1938 
0.052 350-500 8 18,000-19,000 = 2S, 3S, 52S, 53S, Alclad 24S-T Hoglund and Bernard,'? 1938 
0.082 300 5 19,000 Aluminum Frost,*! 1939 
0.032 400-600 8 18,000 Welding Handbook,'! 1938 
1939 
0.032 280 (0,032 sec.) 22,000 17S-T Burns,» 1937 
0.032 420 min 5 min. 22,000 Alclad 24S-T Steward,® 1936 
0.032 135 (0.029 sec.) 20,000 Duralumin, tungsten-copper tips Ward,* 1934 
0.036 400-650 2 21,000 Hinxman,” '6! 1939 
0.039 330-440 (0.03-0.06 sec.) 12,000 Duralumin, copper tips L’ Aluminium Frangats,* 1938 
0.051 525-700 10 22,000-23,000 25, 3S, 52S, 53S, Alclad 24S-T Hoglund and Bernard,!? 1938 
0.051 550 Zz 24,000 Aluminum Frost,*! 1939 
0.051 500-700 10 22,000 Welding Handbook,'! 1938 
Hunt,** 1939 
0.051 500 3-10 528-0, Alclad 24S-T Hibert,”™ 1938, 1940 
0.051 420 (0.049 sec.) 28,000 17S-T Burns, 1937 
0.051 600 min. 7 min. 26,000 Alclad 24S-T Steward,® 1936 
0. 059 440-550 (0.06-0.10 sec.) 18,000 Duralumin, copper tips L’ Aluminium Frangais,\* 1938 
0). 059 42-97 5-8 Mg, 0.5-1 Mn, 0.1-0.5 Ti, Orlow, 1937 
electrolytic copper tips, 0.16 in. 
diam. 
0.060 600 52S-O, Alclad 24S-T Hibert,” 1938 
0.060 8,500 2S, 3S, spherical ('/, in. radius) Dunlap,*®? 1928 
chromium-plated copper tips 
0.063 500-800 4 26,000 ; Hinxman,”’ 1939 
0.064 600-800 10 24,500-26,000 25S, 3S, 52S, 53S, Alclad 24S-T Hoglund and Bernard,'? 1938 
0.064 700 8 27,000 Aluminum Frost,* 1939 
0. 064 500-700 10 24,000 Welding Handbook,'! 1938 
Hunt,®* 1939 
0. 064 570 (0.058 sec.) 33,000 17S-T Burns, 1937 
0. 064 700 8 28,500 Alclad 24S-T Steward,® 1936 
0.064 500-800 4 24,000 Machinery,® 1935 
0.079 480-620 (0. 12-0. 15 sec.) 22,000 Duralumin, copper tips L’ Aluminium Frangats,'* 1938 
0.079 550 10 ee Copper tips Osswald,'® 1937 
0, O80 600-900 5 (50 cycle a. c.)'* 29,000 Hinxman,” 1939 
0.081 700-900 12 27,000-29,000 =—-25, 3S, 52S, 53S, Alclad 24S-T Hoglund and Bernard,'? 1938 
0.081 900 9 30,000 Aluminum Frost,*! 1939 
0.081 600-800 12 28,000 Welding Handbook,'! 1938 
Hunt,®* 1939 
0.081 800 (0.063 sec.) 35,000 17S-T Burns, 1937 
0.081 850 min. 9!/, min. 32,000 Alclad 24S-T Steward,® 1936 
0.081 550-700 5-6 26,000 Larsen, 1936 
0.118 550-660 (0. 15-0. 20 sec.) 30,000 Duralumin; copper tips L’ Aluminium Frangais,'* 1938 
0.120 1200 min 12 min. 38,000 Alclad 24S-T Steward,® 1936 
0.125 500-1500 8-20 33,000 Mallory,?* 1937 
0.125 800-1400 8-9 35,000 Larsen, 1936 
0.125 700-1200 9 33,000 Machinery, 1935 
0.128 700-1200 — 8 (50 cycles a. c.) 36,000 Aluminum Company of Canada 
(1939)! 
0.128 900-1200 15 33,000-36,000 25, 3S, 52S, 53S, Alclad 24S-T Hoglund and Bernard,'? 1938 
0.128 800-1200 15 35,000 Welding Handbook," 1938 


Norgs: 


',in. thick could be welded with a gap of 10 in. 
to welding with one flat electrode. 


The air-operated, scissors-type welder used by Hoglund and Bernard" was rated at 200 kva. 
of aluminum channels 36 in. long, spaced 3°/, in. apart. 


Hunt,®* 1939 
The secondary circuit consisted 


All specimens were etched with hydrofluoric acid before welding 
The air-operated welder used by Steward® had a throat depth of 36 in. and was rated at 300 kva. (peak rating over 600 kva.) 
All specimens were cleaned with a rotary wire brush 2°/, in. diameter. 
Higher pressures are permissible if two slightly rounded tips are used. 


Sheets 


The loads apply 


Hibert” stated that the total load could be varied +20%, and about the same range was allowed by Burns® for current and time 4s 


well. 


load in Ib. 


254-s 


Burns® secured his results in 1933. 
alloy tips were used 


Presumably all currents are root mean square. : 
Hibert® in 1937 multiplied the thickness of the thinner sheet in inches by 10,000 to determine the required tot! 
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Unless otherwise stated, hard copper-base 
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the reduction in thickness is related to the deeper pene- 
tration of the cool tip into the sheet at higher pressures. 
Since, however, the depth of recovered indentation was 
approximately the same at all loads, it may be that the 
better thermal conductivity of the tip-sheet contacts 
accounts for the decrease in slug size caused by increase 
in total load. Although Osswald"™ stated that increased 
total load increases the depression, measurement of Hog- 
lund and Bernard’s'*? macrographs does not confirm 
the observation. In fact, high pressure with low current 
is the condition'’ for best appearance. 


Table 5—Size of Slug’ Decreases as Total Load Is Increased 


Maximum 
Diam-  Thick- 
Total eter of ness Shear 
Load, Slug, of Slug, Strength, 
Lb Inch Inch Lb./Spot Reference 
500 0.22 0.05 1000 Hoglund and Bernard.” 
52S-!/.H, 0.051 in. thick, 
700 0.21 0.05 980 10 cycles, 7° cone, tips 
5/, in. diameter of hard 
1000 0.20 0.04 800 copper-base alloy, 23,500 
amp., depth of recovered 
indentation = 0.01 in 
at all loads 
800 0.35 0.19 Hoglund and _  Bernard.'” 
3S-O, 0.125 in. thick, 
1000 0.30 0.16 15 cycles, 11° cone, tips 
‘/, in. diameter of hard 
1200 0.30 0.13 copper-base alloy, 36,000 
amp., depth of recovered 
indentation = 0.05 in. at 
all loads 
190 0.24 0.068 650 Rietsch.??  Duralumin (AlI- 
400 0.20 0.056 470 Cu-Mg), 0.039 in. thick, 
730 0.20 0.047 320 10 cycles, 25,000 amp. 


* Measurements made from macrographs. The shear strength 
of the 52S-'/;H specimens was determined with a specimen con- 
taining two spots in line, 1'/: in. apart, 3 in. overlap, 1'/2 in. wide. 


Strength: Within the range of recommended pres- 

sures, Table 4, Hoglund and Bernard'’ observed prac- 
tically no effect on strength due only to changes in total 
load in spot welding 2S and 52S, 0.051 in. thick in all 
tempers, nor in 52S-'/2H 0.025, 0.081 and 0.126 in. thick. 
Welds in Alclad 17S-T, Alclad 24S-T, 3S-'/2H, and 3S 
H 0.051 in. thick made with 500-Ib. load had about 30°, 
higher strength than with 700 lb., which was the highest 
recommended pressure. Outside the range of recom- 
mended pressure, excessive pressure reduces the strength 
in agreement with Rietsch,’* Table 5, whereas low pres- 
sure appears to have little effect, Fig. 3. It was concluded 
that at intermediate currents there is a considerable 
range of pressure over which welds of constant strength 
may be obtained. 
_ At a given current (no details) Osswald'® found that 
increasing the total load from 340 to 1200 Ib. reduced the 
strength of spot welds in Al-7°> Mg alloy 0.078 in. thick 
‘3 to 10 cycles) over 50%. However, increase in total 
load to 1200 Ib. increased the permissible current, which 
increased the strength 100°% over that attainable at 340 
lb. As a matter of fact, the current had to be increased 
in order to utilize higher pressure. For heat-treated 
alloys less than 0.064 in. thick Steward® found that the 
required current approached a constant high value as the 
load approached 1000 Ib. (no details). 

Inadequate Pressure: There seems to be a minimum 
pressure below which spot welding cannot occur for a 
given surface preparation. Within the range of welding 
the pressure is said to be inadequate when arcing** occurs 
between tip and sheet or between sheets. Arcing causes 
Sticking of tip to sheet® with pitting of both.” The 


high electric contact resistance between tip and sheet 
when the pressure is low also fouls the tips.’'S Stew 

ard,® on the other hand, pointed out that low pressure 
reduces the required current and lengthens the life of the 
tip, low current and low pressure favoring long tip life. 
However, low pressure increases porosity.®'* While 
Hoglund and Bernard” did not suggest the origin of 
porosity, they found that an increase in pressure reduces 
porosity. Apparently low pressure permits shrinkage 
cavities (pipes*?) to form and does not suppress evolution 
of gas. In thick sheet it is impossible to prevent porosity 
by increasing the pressure without lowering the strength 
of the weld, perhaps because high pressure reduces the 
size of the spot. 

Welds made with inadequate pressure contain 
cracks.'*:7* The cracks appear to extend from the sur 
face of the slug to the surface of the sheet, and may 
signify inability of the thin supporting shell of unfused 
metal around the spot to withstand the pressure of the 
expanding liquid. Barrelon’* attributed the cracks to 
too large a slug. It was not stated whether the cracks 
were intergranular. In 192S it was the rule®* to use as 
low pressure as possible without exudation between the 
sheets. 

Excessive Pressure: Beyond the effect of excessive 
total load in reducing the size of the slug, there may be 
excessive deformation of tips and sheets,'*®* but no meas 
urements have been reported. An increase in total load 
increases‘* the permissible current and with it the 
strength. Taylor'®® used an inertialess electrode to 
spot weld aluminum tubing. 


Table 6—Machine Settings for D.C. Welders” (Al-7°; 


Mg Alloy) 

Thick 
ness of Diam Diam 

Each eter eter Strength 
of Two of of Total per Welding 
Sheets, Tips, Spot, Load, Spot, Time, Current, 

In In In. Lb. Lb Sec Amp 
0.020 0.20 0.16 330 210 0.012 5.000) 
0.0389 0). 28 0.20 S80) 550 0.020 30,000 
0.059 0.32 0.24 1200 770 0.027 50,000 
0.079 0.39 0.28 1650 990 0.032 75.000 
0.098 0.47 0.32 2200 1200 0.040 100,000 
0.12 0.55 0.35 2650 1380 0.048 120,000 
0.14 0.63 0.39 3300 L440 0.056 140,000 
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400 500 600 700 800 900 1000 
Electrode Pressure Pounds 
Fig. 3—Effect of Electrode Pressure on the Shear Strength of Spot Weld 
in 52S-'/:sH Sheet 0.052 In. Thick. All Surfaces Etched. Tips * « In 
Diameter, 7° Cone. Time = 10 Cycles Hoglund and Bernard 
Curve Y shows the approximate maximum weld strength thet can be obtained at cect 


pressure 

Curve no 2 3 4 

Welding current 17,500 eme 22,400 ame 23,500 emp 25.4 
Curve no 6 8 

Welding current 28,000 ame 1,000 ame 32,700 amo 
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Type II (D.C. Welders).—Welders utilizing the princi- 
ple of accumulation of energy require high total loads, 
Table 6, which prevent exudation between sheets and 
avoid holes, but necessitate high power. It was esti- 
mated that the pressure is close to the compressive 
strength of the sheets. A constant, high total load is 
utilized in some types of condenser-discharge welders” 
to secure the advantages of high initial and final loads 
without the uncertainty of reducing the load for a small 
fraction of a second during the passage of current. 

Type III (Program Control).—Program control has 
been utilized with a. c.'* as well as with d. c.*7* machines, 
Fig. 4. Two pressures are used: a relatively light pres 
sure during welding, Table 7, lower than for ferrous al 


Table 7—Total Loads During Passage of Current in Program 
Control with D.C. Machine and Copper Tips, Described in 
Table 2. Hubert" 


Thickness Thickness 


of Each Total of Each Total 
of Two Load, * of Two Load, * 
Sheets, In. Lb. Sheets, In Lb. 
0.013 175 0.039 385 
0.020 220 0.047 420 
0.025 285 0.059 440 
0.032 330 0.079 485 


* For soft materials, particularly annealed aluminum, lower 
total loads are used 


loys, and a relatively heavy pressure, which is 57,000 
to 71,000 Ib./in.*, according to Hubert,'® and 78,000 
lb./in.*, according to others.*75 In Fig. 4(@) the high 
pressure is applied only after the current is switched off. 
Recompression, as the process is called, is claimed to re 
move blow-holes and other cavities in duralumin 0.047 


Pressure 


n. thick,”* and to overcome the softening effect of weld- 
ing by a forging action® (no details). Recompression js 
effective principally with heat-treated alloys, and may 
raise the strength 5°"! or more, Table 8. 


Table 8—Recompression Raises the Strength of Spot Welds 
in Duralumin 0.047 In. Thick. Mandran”® 


Time of 


Breaking Breaking Passage of 

Load, per Stress, Current, * 

Spot, Lb Lb./In.? Sec. 
506 24,200 0.05-0.07 Without recompression 
540 26,000 0.07 With recompression 
670 19,000 0.15-0.16 Without recompression 
850 24,000 0.15-0.16 With recompression 


* Current and other details are not given 


In Fig. 4(b) the high pressure is applied both before 
and after current is passed. The initial high pressure is 
intended to secure good contact (rupture of oxide film’ 
and to provide ample plastic deformation for fine re- 
crystallization during welding. The total load is de- 
creased to '/.—'/s the initial value** during passage oj 
current to raise the contact resistance, and to avoid deep 
indentation.’ In Fig. 4(c) the current is maintained at 
a low value” (a.c. machine) during recompression t 
assist the forging action in some way. Welds so made in 
Alclad duralumin 0.020 in. thick had no fused and 
coarsely recrystallized zones,’ which were typical 
welds made with constant current. 

Unit Pressures.—The (load per unit 
area of tip contact) are 11,400 17,100 Ib./in.* during 
welding and 57,000-78,000 Ib. /i in.” during initial com- 
pression and recompression for spot welding heat-treated 
alloys under program control. The pressure in welding 
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(d) Seconalary (welding) 


current during 


_ Initial contact pressure the discharge 


Re-compression 


-Welding pressure (forging) 


Time 
Secondary current 
during the charge 


Fig. 4—Four Types of Program Control 


(a) Recompression. Current flows in jew interval represented by the shaded area. 
ubert! 
(b) Initial high pressure with recompression for machines of the d.c. type. Hubert'* 
= opening of the primary circuit and start of the discharge current 

P = curve of tip load 

| = exponential curve of the discharge current of the inductance 

tp = time elapsed between the application of tip load and the passage of current 
through the secondary 

te = time of application of initial pressure intended to put the sheets in close 
contact 


th = period during which the total load is decreased to pm 
ts = total time during which current is passed through the tips 
td = time during which recompression is maintained after welding 
“7 = tip load during welding 
= tip load during initial pressure and recompression 
(c) fnitial pressure and recompression according to Bollenrath and Bungerdt’ 
= tip load 

| = current 
(d) Cycle used by Sciaky ™7» 8? with a choke or reactor welder. A small prehestin? 

current is induced through the tips during charging 
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duralumin without program control (a.c. welder) in- 
creased from 5400 to 11,300 Ib./in.* as the thickness was 
increased from 0.018 to 0.032 in., according to Ward.™ 
He used a spring-actuated machine and _ tungsten- 
copper electrodes, '/, in. diameter, one of which was flat 
the other slightly rounded. Ferney*! used 34,000 Ib./ 
in.2 for these tips (no details, 400-750 Ib. for aluminum 
0.051 in. thick). In welding anodically oxidized dur- 
alumin sheets 0.039 in. thick with tips '/s in. diameter, 
LoBue*® used 500 Ib./in.* tip pressure. Since total load 
is proportional to thickness, and diameter of spot 
measured on macrographs) also is proportional to thick- 
ness, according to recommendations of those who use 
a.c. and d.c. machines without program control, it 
follows that pressure, calculated on area of welded sur- 
face, is inversely proportional to thickness. The pressure 
appears to decrease from about 40,000 Ib./in.? (based on 
area of welded surface) for sheet 0.020 in. thick to 10,000 
lb. /in.* for sheet 0.102 in. thick. 

Time 

The time during which current is passed for spot weld- 
ing aluminum alloys is short compared with the time for 
mild steel. There is no connection between the short 
time required for aluminum and the short time required 
for 18-8. The high current required for aluminum 
governs the time, whereas the short time used for 1S—S 
is not accompanied by high current, and is necessary to 
reduce intergranular carbide precipitation to a minimum. 

The time is controlled and measured in spot welding 
aluminum with a.c. machines usually by means of an 
electronic timer without mechanical contacts. The time 
is quoted as the number of cycles. In machines operating 
on electromagnetic or accumulation of energy principles 
a.c. or d.c.) the time is quoted from zero current at the 
start to approximately zero current at the end of welding; 
the time is governed by the current to some extent. 

Type I (A.C. Welders).—-The welding Handbook" 
and Hoglund and Bernard" increase the duration of 
current from '/» cycle or less to 25 cycles as thickness is 
increased from 0.002 to 0.188 in. The time increases 
rapidly as the thickness increases up to 0.06 in., beyond 
which the time is approximately directly proportional 
to thickness. Other authorities'>.*%.‘*.5°.5 aoree that 
time should increase with increase in sheet thickness, 
but the recommended times are shorter, Table 4. To 
facilitate timing of welds for 0.010 in. thick sheet Bohn**® 
suggested using 120 cycle power. Ward” decreased the 
time as the thickness of duralumin sheets increased. 
Three authorities found that time was unimportant 
within wide limits. Hibert®® used 1 to 3 cycles for all 
thicknesses in 1937, and 3 to 10 cycles in 1938 (0.02—0.06 
in. thick). In 1940 Hibert!* used 6 to 10 cycles for Al- 
clad 24S-T and 52S-O, 0.005-0.070 in. thick, and stated 
that it is unnecessary to prevent the fused slug from 
reaching the surface of the sheet. Steward® had good 
results with 10 cycles on all thicknesses from 0.012 to 
0.09 in. In welding aluminum 0.039 in. thick at 12,500 
amp. (no details) Rietsch’? found that the strength in- 
creased only from 150 to 170 Ib. as the time was increased 
irom 1 to 8 cycles (50 cycle supply), and concluded that 
the time should be as short as possible. Hoglund and 
Bernard™ also mentioned that extreme accuracy of tim- 
ing was not essential. 

Strength: Although Rietsch’? found no appreciable 
effect of timing on strength, more detailed investigation 
by Hoglund and Bernard" revealed that with sheet above 
).021 in. thick, an increase in time rapidly raised the 
Strength at first until with further increase in time, there 
was little effect on strength, Fig. 5. The small cross 
section of the welds made at short times may explain 


their low strength. Similar results were secured by 
Borstel’.'8 on Mg-1.5°% Si alloy 0.016 to 0.047 in. 
thick, with 1 to 20 cycles (50-cycle supply). The best 
time appeared to be 1 to 3 cycles for 0.016 in. sheet and 
4 to 8 cycles for 0.024-0.047 in. sheet, further increase 
in time failing to increase the strength. In agreement 
with Borstel, Osswald'® found that nearly maximum 
strength was obtained in Al-7°, Mg alloy, 0.079 in. 
thick, 330 Ib. total load on copper tip, between 5 and 10 
cycles (50-cycle supply). He agreed with Hoglund and 
Bernard that an increase in current at any time setting 
increased the strength. All these results are in sharp 
contrast with the statement®' in 1930 that the quicker 
a weld is made, the stronger it is. 

Excessive Time: Beyond a critical time, which ap 
pears to be about 2 cycles for sheet 0.051 in. thick, further 
increase up to at least 25 cycles has no effect on the size 
of the slug, but reduces porosity'® by permitting the tips 
to squeeze the molten metal. Steward®”** believed that 
excessive timing eliminated cracking in heat-treated 
alloys. On the other hand, excessive time is uneconomi- 
cal, increases distortion, prolongs the time during which 
intergranular precipitation can occur in heat-treated 
copper alloys, overheats the tips,’ and produces coarse, 
columnar and layered structure,” possibly due to re- 
tarded cooling. 

Inadequate Time: Porosity was observed in 0.04- 
in. Alclad 24S-T sheet welded at less than 6 cycles by 
Steward.* Beyond porosity, which was confirmed by 
Hoglund and Bernard,'* inadequate time is character 
ized by small welded area and, in the extreme, failure to 
weld. 

Type II (D.C. Welders).—Short times®®.® are used for 
welders operating on the principle of accumulation of 
energy, Table 6. Time is directly proportional to thick 
ness and to current. If the energy is accumulated from 
an a.c. source, the time is longer, Table 9, corresponding 
with the lower current. 

Type III (Program Control).—The time of passage of 
current is the same"™.'* with program control as without, 
whether a.c. or d.c. welders are used. In welding with 
low current during the recompression period, Fig. 4 
(c), Osswald'® maintained the low current for 14 cycles 
(50 cycle supply, 8 cycles welding time, no details) 


Current 


The current passing through the tips and sheets sup 
plies the heat for spot welding. The importance of pre 


1600 
\ 00 
Q 800 A 
‘a 
© 
400 
© 


Time Current Dwell Cycles 


Fig. 5—Effect of Time of Current Dwell on the Shear Strength of Spot 
Welds in 52S-':H Sheet. All Surfaces Etched. Electrode Tips * « In 
Diameter, 7° Cone 


Curve no 1 2 3 4 
Sheet thickness 9.021 in 9.051 in 1.065 ir 
Welding current 14,000 amp 25,400 amp 25,400 ame 26,8 amr 
Tip Load 200 Ib 800 Ib 10 Ib ~ t 
The specimens are shown in Fig. 8. Results nearly identical with Curves 1 and 


secured with Alclad 24S-T Hoglund and Bernard’? 
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Table 9—Machine Settings for Welder Operating on Prin- 


ciple of Accumulation of Energy with A.C. Source. 
Douchement”’ 


Thickness of Each of 


Two Sheets, In Time, Sec. Current, Amp. 
0.020 0.01-0.02 10,000 
0.059 0.06-0.10 18,000 
0.118 0.15-0.20 30,000 


Kva. Demand for a Condenser-Discharge Welder for Alumi- 


num'*° 
Thickness, Machine Throat Depth, In. 

In. 12 18 24 30 36 
0.020 5 7 15 20 25 
0.040 6 10 18 25 30 
0.060 Ss 12 25 30 35 
0.080 10 15 30 35 40 
0.125 15 20 35 40 50 


cise current adjustment is acknowledged by most au- 
thorities. It is expressed as R. M. S. amperes for a.c. 
welders (appropriate measures’? are taken to reduce 
transients to a minimum), and as maximum current for 
welders operating on the accumulation of energy prin- 
ciple. The current is high, compared with that required 
for other metals, and, being applied for only a small 
fraction of a second, is not easy to measure with pre- 
cision. One investigator® refers to uncertainty of meas- 
urement, which was affected by cleanliness and inclina- 
tion of electrodes. Spot welds can be made in aluminum 
alloys over a range of currents,'* and the authorities do 
not always make it clear whether the current they recom- 
mend is optimum, minimum or maximum. 

Type I (A.C. Welders).—Welding Handbook" and 
Hoglund and Bernard! increase the current from 14,000 
to 42,000 amp. as thickness is increased from 0.016 to 
0.188 in. Current is approximately proportional to 
thickness. Other authorities,®*.”: Table 4, are in reason- 
ably close agreement. In 1928 the current was as 
low®*.®.68 as possible, for example, 8500 amp. for alumi- 
num 0.060 in. thick, 95 Ib., spherical chromium plated 
tips, '/, in. radius, being only twice the current required 
for mild steel. Their low total load accounts for the low 
current, for Steward® found that the required current in- 
creases as total load is increased, but approaches a con- 
stant value for any heat-treated alloy less than 0.064 in. 
thick when the total load reached 1000 Ib. 

Whereas Steward® used the highest possible current 
which would not cause spitting, Hoglund and Bernard" 
preferred low current for best appearance. The currents 
which they recommend in Table 4 are maximum. An 
increase in total load widens® the range of currents 
which can be used without failure to weld or without 
spitting (exudation of molten metal). Hibert® con- 
sidered current the only variable and held pressure and 
time constant for all gages (no details). Osswald,” 
on the other hand, assigned less importance to current 
than to time (again incomplete details). Furthermore, 
Steward® stated that no appreciable change in current 
setting was required for any given thickness, once the 
time exceeded 2 or 3 cycles. 

Within a range of 5°% for all thicknesses from 0.016 
to 0.128 in., Hoglund and Bernard’ used higher current 
for 2S-O and 2S-H than for 3S-'/,H, 3S-H, 52S, 53S-W, 
and 535-T. Intermediate current was used for Alclad 
245-T. Osswald™ also varied current with composition 
(no details), and Steward® found that the required cur- 
rent was proportional to electric conductivity for alloys 
other than Alclad 24S-T in thin gages. 

Size of Slug: The area of the surface over which 
welding occurs increases with increase in current,®'?.7* 
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Table 10. The effect is pronounced in thin sheet. As 
the current was increased from 16,000 to 32,000 amp. at 
10 cycles and 620 Ib. in welding Alclad 24S-T, 0.064 in 
thick, Steward® found that the diameter of the slug 
doubled in diameter and increased in thickness until i: 
reached the surface. The depth of the recovered inden 
tation increased progressively as current was increased. 
Since with constant current no appreciable effect was 
exerted on depth of recovered indentation by increase in 
time or total load from 1 to 10 cycles and 300 to 1150 
Ib., respectively, it appears that current governs depth 
of indentation in Alclad 0.064 in. thick. 


Table 10—Increase in Current Increases the Area Over 
Which Welding Occurs. Hoglund and Bernard" 


Thick- Depth of 
Diameter ness of Recovered 
Current, of Slug, Slug, Indenta- 
Amp. In. In. tion, In. 
14,000 0.105 0.020 0.003 52S-'/:H, 0.020 in 
16,300 0.125 0.025* 0.004 thick, 6 cycles, 400 
17,500 0.140 0.027* 0.006 Ib., hard copper- 
base alloy tips, , 

in. diameter, 

cone 


Remarks 


25,400 0.31 0.13 0.007 52S-'/zH, 0.102 in 
28,000 0.36 0.13 0.007 thick, 12 cycles, 900) 
31,000 0.33 0.13 0.007 Ib., hard copper 


base alloy tips, * . 
in. diameter, 7 
cone’ 
*Slug reached surface. 


Strength: In general, strength is more sensitive to 
changes in current, Fig. 6, than to changes in pres 
sure®.'*.'* and time, the effect of current on size of slug 
perhaps being the explanation. Strength increased in 
almost direct proportion to current. The curve for sheet 
0.021 in. thick shows that excessive current, sufficient 
to cause the slug to reach the surface, beyond which 
further growth in any direction is unlikely, has no effect 
on strength. Confirming this conclusion, Steward’ 
found for Alclad 24S-T 0.016 in. thick, Fig. 7, that for 
short times excessive current decreased the strength on 
account of porosity and cracking, which appear to be the 
chief factors governing strength at high currents. Bor 
stel’.'8 also found that strength is directly proportional 
to current. The strength of spot welds in Pantal (dur 
alumin), 0.039 in. thick, rose from 90 Ib. at 15,000 amp 
to 600 Ib. at 21,600 amp. (no details). It may be signifi 
cant that at 22,400 amp. the strength fell to 550 Ib 
Whether the strength of welds in thick sheet reaches a 
constant value as current is increased remains to be seen 
The increase in strength attainable by increasing the 
total load at high currents may be a reflection of the 
effect of increasing total load in reducing porosity and 
cracks. At low currents there is little tendency for po 
rosity and cracking, consequently an increase in votal load 
decreases the size of the slug and reduces the strength. 

Excessive Current: Although an increase in current 
generally increases the strength, excessive current ma) 
cause cracks®".7§ and porosity.'*7§ Furthermore, the 
appearance of molten metal at the surface of the sheet 
places an upper limit on current for any given time and 
total load. When molten metal reaches the surface, 
spitting occurs,® and a hole may be formed (blow-up’’). 

Type II (D.C.Welders).—Welders based on the ac 
culation of energy principle utilize extraordinarily high 
current® for the thicker gages, Table 6, if actuated by 
condensers, but may utilize currents of average intensity, 
Table 9, if actuated in other ways. The quoted current 
is a peak current and the duration of passage is longet 
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8000 46000 24000 32000 40000 
Welding Current Amperes 


Fig. 6—Effect of Welding Cuscaas on the Shear Strength of Spot Welds in 


Sheet 
urve no 1 2 3 4 
Sheet thickness 0.021 in. 0.051 in. 0.101 in 0.126 in 
Time 6 cycles 10 cycles 12 cycles 15 cycles 
Tip Load 400 Ib 800 Ib 900 Ib 1000 Ib. 
Tips °/s in. diam 7° cone 7° cone 7° cone 11° cone 


Curves of similar shape and slope were obteined when other values of tip load and 
time were adopted. Hoglund and Bernard'? 


with chokes than with condensers. With condensers, 
too sudden rise in current causes spitting.** If the cur- 
rent is too high, there is porosity and instead of having a 
bright appearance, the spot has a matt surface."® The 
current is said to be 15 times that required for steel with 
condensers. A steeper wave front may be required for 
light sheet than for heavy sheet with condensers.'*° 

Type III (Program Control) —vThe current during 
welding appears to be about the same as for welding 
without program control, but no information is available. 
In an example (no details) quoted by Osswald”® the cur- 
rent during recompression was approximately 25°% of 
the current during welding. 

Unit Current.—Current per unit area may be expressed 
on the cross section of the electrode, on the projected 
area of tip-sheet contact or on the area of welded surface. 
No distinction among these has been made in the litera- 
ture. Although Ferney** used 2,000,000 amp./in.* of 
up area (hard alloy tip only '/s; in. diameter), measure- 
ments of micrographs" of welds made with copper-base 
alloy tip, 7° cone, °/s in. diameter, point to unit currents, 
based on projected area of tip-sheet contact, of 500,000 
to 1,000,000 amp./in.* It is difficult to measure the 
diameter of tip-sheet contact from micrographs, because 
the recovered indentation only is shown, and the metal 
may cave around the tip during welding. The unit 
current based on area of welded surface is higher than 
that based on tip-sheet contact. The unit current in 
a. ¢. welders decreases as thickness is increased. 

With d.c. welders based on the accumulation of energy 
principle the unit current®® is 1,300,000 to 1,900,000 
amp./in.*, 15 times that for mild steel. Hinxman?”’ used 
three times as high current for aluminum as for steel 
with any machine. 


Voltage 


Precise machine settings cannot be maintained if 
there are frequent variations in line voltage.'® There is a 
belief** that high voltage across the tips breaks down the 
contact resistance. The high voltage (no details) neces 
sitated high current, and, in turn, short time. The open 
circuit secondary voltage of Hoglund and Bernard's" 
welder was 1.73 to 13.1 volts. Siemers” quoted 8 volts 
as open-circuit secondary voltage with 0.5 power factor. 
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Power 


The power required to weld aluminum alloys has not 
been measured. The transformer capacity of a.c. 
welders is not a guide to the maximum thickness which 
can be welded.” One authority” recommends that 
transformer capacity increase in direct proportion to 
current, being 150 kva. at 18,000 amp. and 300 wa. 
at 36,000 amp., which correspond with sheets 0.03 and 
0.12 in. thick, respectively. Johnson” found that a 
welder with 6-in. gap and 30-in. throat, nominal rating 
= 300 kva., could weld two sheets of aluminum up to 
0.093 in. thick. Bohn“ mentions a welder with 1S-in. 
throat, 60 kva. nominal rating which welded two sheets 
up to 0.060 in. thick. He believed that power was 
nearly directly proportional to frequency and recom- 
mended lower frequency sources of supply for thick sheet 
to reduce the power. 

In an unsuccessful attempt to estimate the amount of 
heat required to weld duralumin, Fassler®'’ was forced 
to assume that heat conduction accounted for 7000, 
more heat than the heat required to bring the slug to the 
melting range of temperatures. Ward® estimated (no 
details) that 0.005-0.007 Btu. was required to make a 
spot weld in duralumin 0.018—0.032 in. thick. 

Welders based on the principle of accumulation of 
energy require relatively little power, Table 9, because 
the energy is accumulated over a long period. For ex- 
ample, a d.c. welder with a.c. source of supply makes a 
weld with 20 kva. which would require” 200 kva. with a 
transformer. D.c. welders require*®’* only 20 kva. to 
weld two sheets each 0.10 in. thick. Hubert" states 
that 30 kw., d.c., is equivalent to 170 kva., a.c. D2.c. 
machines using up to 100 kw. appear to be in use.*! 


Welders 


While it is not the function of the review to deal with 
the mechanism of spot welders, a brief description of the 
welders used for aluminum is given. Seam welders are 
of practically the same construction as spot welders. 
There are two basic types of spot welders used for alumi- 
num: (1) transformer type in which the current passing 
through the tips is of sine-wave type, (2) accumulation 
of energy type in which energy is stored in a choke or 
condenser and is released by opening a contact. The 
current passing through the weld in Type 2 welders is in 
the form of a single impulse. Low inertia of the moving 


72 46 22 2 28 32 34 


Fig. 7—Single-Spot Shear Strength of Alclad 24S-T, 0.016 In. Thick, as 
a Function of Current with ')-, 2 to 4 or 10 Cycles At the Current 
Corresponding to the Dotted Portions of the Curves the Welds Were 
Unsatisfactory Owing to Porosity, Cracks or the Slug Reaching the Outer 
Surfaces. Tip Load Was 350 Lb. in All Tests. Steward’ 
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head is essential.'*** Portable pincers for spot welding 
aluminum were not available to Hentzen* but had been 
made, according to Hubert.” Arms up to 5 ft. long have 
been used.** 


Type I—Transformer 


Spot welders for aluminum require transformers of 
high capacity. Nevertheless, the thickness that can be 
welded depends on throat depth, gap and arm construc- 
tion as much as on transformer rating. Ratings up to 
600 kwa.® (peak, no details) have been mentioned. To 
counteract the sudden decrease in resistance which seems 
to occur during the first cycle, Ferney“‘ uses a transformer 
with steeply dropping characteristic, and provides 
leads having a cross section of 0.00012 sq. in. per ft. per 
kva. The timer is important. Synchronized mechanical 
control is admissible only on small machines.’ Elec- 
tronic control is preferable for any machine. Electronic 
control was found® to yield welds 15 to 20% stronger 
than welds made with mechanical control (no details). 
and thyratron®* and other recti- 
fiers have been used for aluminum. Control based on 
energy has been suggested.** A light beam monitor with 
bell was used by Bohn.” The timer should prevent 
transients. 

The welder used by Hoglund and Bernard" had a low- 
reactance transformer (200 kva., 44 volts, 60 cycles) and 
aluminum arms 3 ft. long; 5 to 150 spots/min. were 
welded. A similar welder was used by Steward® who es- 
timated that welding cost was 85% labor, 7°) power, 8% 
tools. 


Type 


The energy '®*®.6,54,74,76,77 may be stored in a choke or 
in a condenser. Simplified circuits of both choke and 
condenser welders have been published.**'® Although 
30 spots per minute is the customary speed, adjustments 
can be made to provide higher rates of welding.*° The 
longer the time between welds, the less power is required 
for a given store of energy. Choke welders have dif- 
ficulties*® with the contacts that break the circuit. 

In the choke welder described by Sciaky'”’ direct 
current from a mercury vapor arc rectifier and three- 
phase star transformer is fed to the choke or reactor 
through a maximum energy relay. When the desired 
energy is stored in the iron core of the choke, the d.c. 
circuit is opened, whereupon the rapid decrease in flux 
in the choke creates the welding current in the secondary 
of the reactor. The welder utilizes program control, 
Fig. 4 (d), a small preheating current flowing through 
the unalloyed copper tips during the low-pressure period 
before 5.0 and 6.5% Mg alloys with a choke welder are 
quoted by Hérenguel and Santini.'® The diameter of 
the electrode increased from 0.20 in. for either alloy 0.020 
in. thick to 0.30 and 0.32 in. for the 5.0 and 6.59% Mg 
alloy, respectively, 0.079 in. thick. 


Program Control 


Pressure can be varied during the welding cycle with 
any type of machine.”."* Current has been varied from 
high during welding to low during recompression in 
transformer welders.":'7 Photoelectric control with a 
rotating notched disk may be used. A cam for controll- 
ing pressure is described by Manevich,® and a pressure 
gage based on pressure coefficient of electric conductivity 
is illustrated by Osswald." 


Instructions 


Instructions for spot welding aluminum relate to sur- 
face preparation, tip cleaning, machine settings and spot 
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spacing, the first three of which have been discussed. 
Machine settings are listed in Tables 4,6 and 9. Current 
is adjusted rather than time or total load. For instance, 
Hibert® set the total load at 10,000 7 (7° = thickness of 
thinner sheet, inch), set the timer at 1, 2 or 3 cycles, and 
adjusted current to secure the required weld strength. 
Current was the only adjustment made by Steward‘ 
and the main adjustment made by Hubert.'® Using a 
welder based on the accumulation-of-energy principle, 
Hubert adjusted total load and time in accordance with 
recommendations, and made welds at increasing currents 
until the weld “‘unbuttoned”’ in a shear test. If spitting 
occurred when the current was passed the total load was 
increased slightly. If the increase in load decreased the 
area of the spot to too great an extent, the current again 
was increased. All tests were made on sheets containing 
a number of spots, in order to satisfy shunting. 

On account of shunting, which is more troublesome in 
aluminum than in steel, spots should not be closer to each 
other than '/, in., according to Hibert,” nor closer than 
4 7 (7 = thickness), according to Anstruther.*? YVhe 
minimum center spacing should be not less than 3 to 
spot diameters in Hubert’s” opinion. Hoglund' 
found that the minimum distances between spots to de 
velop maximum strength in 52S-'/2H, 0.032, 0.064 and 
0.125 in. thick were */s, 5/s and 1'/: in., respectively 
Shunt effect could be overcome to some extent with 
closer spacing by increasing the current. 

A spot should not be closer to the edge of a sheet than 
4 7 (T = thickness), Hoglund found as a result of tests 
on 52S-'/sH, 0.032—0.125 in. thick. There was insuf- 
ficient mechanical support around welds made too close 
to the edge; consequently there was spitting and weak 
ness. The minimum distance from edge of sheet to center 
of spot should be 1'/: D (D = diameter of spot), and the 
minimum overlap of two sheets 3 D, according to Hu- 
bert.’° The staggering of spots itm two lines was useful. 
If in long seams the ends tended to separate during spot 
welding, Hubert riveted the ends together before weld- 
ing. The same procedure was recommended by Hi 
bert,'®* who also riveted long seams at regular intervals 
before spot welding to prevent tension failures. The 
sheets always should be perpendicular to the elec 
trodes. 


Properties of Spot Welds 


Static Shear Strength (Single Shear) 


The shear strength of spot welds in aluminum 1s 
quoted as pounds per spot, not as lb./in.*, because the 
area of the spot is difficult to measure, especially when 
unbuttoning occurs. Besides, the stress distribution 
around a spot in shear tests is decidedly non-uniform. 
Shear strength in lb. spot is the maxmum load, initially 
parallel to the surface, which a spot will withstand before 
rupture. As in other metals, spot welds in aluminum ar 
difficult to test in such a way that a strength value o! 
general significance is secured. It is realized that strength 
per spot varies with: (1) machine settings, (2) compos! 
tion of sheet, (3) its thermal and mechanical treatment, 
(4) thickness of sheet, (5) number of spots and sheets 11 
specimen, (6) overlap of sheets and spacing of spots from 
edges and each other (shunt effect) in specimen, (7) siz« 
of spot. Comparatively little is known about factors 
5,6 and 7. Spot diameter varies with the investigator 
and other factors. For example, Barrelon’* tested spots 
0.20—0.22 in. diameter in aluminum 0.079 in. thick and 
spots 0.24—0.28 in. diameter in duralumin of the sam 
thickness. 

The specimens used by Hoglund and Bernard,” Fig 
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Fig. 8—Spot-Welded Specimens Used by Hoglund and Bernard.!? 


\, consist of two spots in line and the head speed in test- 
ing is 0.2 in. per min. The strength per spot was believed 
to be slightly lower for a 2-spot specimen than for a 
single spot, on account of the averaging effect. The 
specimens were welded after the sheets had been cut to 
size. Two spots were said to decrease the possibility of 
twisting that is present with a single-spot specimen. Most 
authorities used a specimen containing a single central 
spot. Johnson’s”® specimen was °/s in. wide; Ward’s*® 
was the same width with '/2-in. overlap and was welded 
in a jig. Both were intended for relatively thin sheet, 
up to about 0.032 in. Schraivogel*® averaged five single- 
spot specimens cut from a seam 18 in. long. For sheet 
0.039 in. thick a specimen, 1 in. wide, 1 in. overlap has 
been used ;** the spot diameter was 0.20 in. An alum- 
inum firm!'*' spot welded two sheets 0.036 or 0.064 in. 
thick with l-in. overlap at intervals of */, in. Three 
specimens each */, in. wide sheared from the sheet and 
containing one spot were averaged to determine breaking 
load. 

Three different specimens were used by Doussin,*! 
Figs. 9 and 10, to determine (a) the total strength, R, of 
the spot weld, (b) the load R’ at rupture around the edge 
of the spot, and (c) the strength, R”, of the metal in the 
spot. As the cross section of the sheet in Fig. 9 is in- 
creased the rupture load increases to a maximum which is 
attained when the cross-sectional area of each sheet is at 
least equal either to the apparent area of the spot for 
thin sheet in which fracture occurs by shear through the 
spot or to the lateral surface of a cylinder having a di- 
ameter equal to the apparent diameter of the spot and a 
height = 2e for thick sheet in which fracture occurs at 
the periphery. In the specimen of Fig. 9 (6) the cross 
section of the sheet is selected so that the total load at 
fracture of the unwelded sheet equals R. Softening 
around the weld therefore forces fracture to occur in the 
heat-affected zone. The specimen in Fig. 10 generally 
fails through the center of the spot, which is the weakest 
region of the joint. 

The standard German method'® of testing spot welds 
in light alloys consists in making a series of spot welds in 
sheets 4 x 12 in. with the long edges overlapping. The 
overlap is 157 (7 = thickness) for a single row of spots 
and 157° + spot spacing for a double row. The first 
spot to be made is not tested. The width of the speci- 
men is the spot spacing, or if a seam is to be tested, 
1.6-1.8 in. containing a whole number of spot spacings 
The specimens are sawn not sheared from the sheets and 
tensile stress is applied parallel to the direction of roll- 
ing, the rate of loading not exceeding 0.39 in./min. The 
spot spacing increases from 0.47 in. for sheets up to 
0.020 in. thick, to 1.2 in. for sheets over 0.079 in. thick. 
A spherical, cold-drawn electrolytic copper tip (radius = 
4 in.) is used; the tip diameter is 0.32-0.39 in. for sheets 
up to 0.047 in. thick, and is 0.39-0.047 in. for thicker 
sheets. 

The effects of the different factors on shear strength 
are summarized in the following paragraphs as well as in 
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The Specimens Are Pulled at a Head Speed of 0.2 
In. per Min. in a Tension Testing Machine 


the sections on Machine Settings, Heat Treatment, 
Instructions (spot spacing) and Tip Shape (no effect). 
Type of fracture in a shear test depends on many factors, 
and does not appear to be related to strength. Two types 
of fracture are common: (1) unbuttoning, in which the 
fracture passes around the circumference of the spot, 
(2) shear in which the spot is cut in two along the internal 
surfaces of the sheets. Unbuttoning occurs in thin sheet, 
the upper limit being perhaps 0.03-—0.06 in., depending on 
type of specimen. Thicker sheets fail by shear through 
the spot. Other types of fractures possible in spot 
welded joints also have been observed in aluminum al 
loys. 

The strength of spot welds depends to some extent on 
the strength of the sheets, which in turn depends on 
composition, heat treatment and degree of cold work. 
Hoglund and Bernard” found that welds in '/, /7 to H 
tempers of any composition had about the same strength, 
which was 25%% higher than in annealed sheet. The 
lower strength of welds in annealed sheet was said to be 
accounted for by their smaller diameter; to increase the 
size of the weld and thus to increase the strength, 
slightly higher current or lower total load was used for 
annealed sheet than for cold rolled. 

Aluminum: The shear strength of spot welds in com 
mercial aluminum increases from 100 lb./spot at 0.020 
in. thick to 800 Ib./spot at 0.130 in., Fig. 11. Others” 
81,92 quote similar strength for thin sheet but lower for 
thick (above about 0.05 in.). Lunn found that a spot 
weld '/, in. diameter in aluminum sheets '/, in. thick 
failed at 1200 Ib. and Hubert’s"* results for welds in hard- 
temper sheet are nearly identical with Fig. 11 up to 
0.079 in. 

Al-Mn (35S): Shear strength rises from 100 Ib./spot 
at 0.020 in. thick to 1400 Ib./spot at 0.130 in. thick in 
cold-rolled tempers, Fig. 11. 
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Fig. 9—(a) Specimens for Determining the Total Strength, R, of the Spot 
hose Apparent Diameter Is 


Sheet Width of Lenath of Distance enath 
Thickness Specimen, Inch Overlap, Inch Betweer Enasaed by 
Inch ( ach srip, Inch 
Lessthan 0.06 #D?/4e 35D = 05D 15D LA 
Over 0.06 rD*/4e) + D 3.5D = 0.5D 15D 3A 


(b) Specimens for Determining the Strength, R’, of the Metal in the 
Heat-Affected Zone Around the Spot Weld 
Width of specimen, A’ = R/Te; R = load at failure, ka, e thickness of each sheet 
mm.; = tensile strength of unwelded base metal, kg./mm.* 


Length of overlap, C'’ = 3.5D = 0.5D 


Lenath between aripos = 0.6A"? 
Length in each grip = 3A’ 
Doussin®! 
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Fig. 10—Specimen for Determining the Strength, R”, of the Metal in 
the Spot Weld 

Width of specimen, A” = R/te; t = tensile strength of unwelded sheet, kg./mm.* 

Length between grips = 0.3A"*, e = thickness of each sheet, mm. 

Length in each grip = 3A"; R = load (kg.) at failure of specimen in Fig. 9. 

Doussin®! 


4 Al-Cu-Mg Duralumin: Good strength is attainable, 
a Table 11, but large deviations from the average may 
oS occur, Table 23. The shear strength of a specimen con- 
“ag taining two spot welds 0.32 in. spot in anodically oxi- 
dized duralumin was 375-420 according to LoBue.*® 

Oxidized sheets do not appear to yield strong welds; 

the welds were in '/; sec. with 132 Ib. total load on a tip 

0.12 in. diameter. 

2 Al-2.5% Mg (52S): The minimum shear strength, 
ot according to Hibert,*®'® rises from 95 Ib./spot at 0.015 
ts, in. to 540 Ib./spot at 0.070 in. for annealed sheet. These 


values are only about 60°% of the values for cold-rolled 
sheet given in Fig. 11, and quoted by Hinxman,” who 
estimated a shear stress of 16,500-17,000 Ib. /in.* for spot 
welds in sheets 0.039 in. thick. 


Table 12—Shear Strength of Spot Welds in Al-7% Mg Alloy 
(see Table 23). Frangais'* and 
arrelon’® 


Thickness of Thickness of 


Each of Shear Each of 
Two Sheets, Strength, Two Sheets, Shear Strength, 
In. Lb./Spot In. Lb. /Spot 
0.012 90-130 0.049 530-620 
0.024 200-220 0.063 620-680 
0.0389 490-550 


0.079 770-840 


Al-7° Mg: ‘Table 12 shows that higher strengths are 
attainable than in Al-2.59% Mg alloy. Orlov®® quoted 
shear strengths of 20,800 to 26,300 Ib./in.* for spot welds 
in an alloy containing 5-8 Mg, 0.5-1 Mn, 0.1—0.5 Ti, 0.059 


Thickness of Each of Two 
Sheets, In. 


0.079 


Rietsch™ 
Thickness Shear Thickness 
of Each of Shear Stress at of Each of 
Two Sheets, Strength, Fracture, Two Sheets, 
In. Lb./Spot Lb./In.? In. 
0.016 240 13,500 0.016 
0.039 675 18,800 0.030 
0.059 1060 22,500 0.039 
0.059 
0.079 


Thickness of Each 
of Two Sheets, In. 
0.036 

0.064 


Hubert, L’ Aluminium Frangais' 


Thickness Shear 
: of Each of Strength, 
a Two Sheets, In. Lb./Spot 
0.024 175-200 
0.049 490-530 
vi 0.079 770-880 


1540-1650 


Aluminum Company of Canada Ltd.'*! (17S-T) 
Breaking Load, Lb. Average of Three 
Specimens */, In. Wide, One In. Overlap 


670 


Two Sheets, In. 
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in. thick, using electrolytic copper tips 0.16 in. diameter 
(total load on tips only 50-100 Ib., 0.20 sec.). 

Al-9% Mg: As the thickness increased from 0.020 
to 0.039 in., Reichel*! found that the shear strength rose 
from 265 to 440 Ib./spot. 

Al-Mg-Si (53S): Whether or not the sheet is heat 
treated before welding, the shear strength is the same as 
in cold-rolled 52S (Al-2.5% Mg), Fig. 11. Similar 
strengths were quoted by Rietsch,’* and lower strengths 
by Schmitt,*? Table 13. 

Al-2% Si-1% Mg: Table 14 shows that the welds are 
weaker than in duralumin and are equivalent to welds in 
528. 

Table 14—Shear Strength of Spot Weldsin Al-2% Si-1% Mg’: 


Thickness of Each of 
Two Sheets, In. 


Shear Strength, 


Diameter of Spot, In. Lb./Spot 


0.016 0.13-0.14 150-175 
0.030 0.15-0.16 310-340 
0.039 0.16-0.17 330-375 
0.059 0.19-0.22 550-660 
0.079 0.21-0.24 660-770 


Al-3.5% Cu-1% Mg-1% Cr: The strength was found 
to be 1050-1080 Ib./spot in sheet 0.039 in. thick. The 
spots were 0.20 in. diameter and the specimens were 
1 in. wide, 1 in. overlap. 

Alclad 24S-T: The minimum shear strength, according 
to Hibert,*®'® rises from 100 Ib./spot at 0.015 in. sheet 
to 780 Ib./spot at 0.070 in. These values are only 50) 
to 60% of the strengths given in Fig. 11. Values lower'® 
76.93 than and similar® to those in Fig. 11 have been 
quoted. Higher strengths** (900-1275 lb./spot, 0.064 in 
thick) also have been recorded. 

Alclad 17S-T: The welds are a little weaker than in 
Alclad 24S-T. Hoglund'* quoted 350 Ib./spot for Alclad 
17S-T compared with 360 lb./spot in Alclad 245-T, 
0.032 in. sheet. Mutchler®* quoted 825-1230 lb. /spot for 
Alclad 17S-T, 0.064 in. thick, while an aluminum firm"! 


Table 11—Shear Strength of Spot Welds in Duralumin 


Shear Strength of Spot Welds in 5.0 and 6.5% Mg Alloys Made on a Choke Welder. 
Breaking Load per Spot, Lb.; 
5.0% Mg Alloy 


Hérenguel and Santini'® 
Range of Four Specimens 
6.5% Mg Alloy 


0.020 246-— 295 295- 328 
0.032 545- 640 605—- 705 
0.039 770—- 920 90C— 960 
0.059 1130-1310 1430-1590 


1710-1860 


Schmitt® (Heat-Treated Duralumin) 


Breaking 
Diameter of Load, Shear Stress at 
Spot, In. Lb./Spot Fracture, Lb./In.* 
0.13-0.14 44-265 12,700—-13,400 
0.16-0.18 400-480 18,800—19,500 
0.17-0.19 480-550 19,700—21,700 
0.22-0.24 620-770 16,800—17,700 
0.24—0.28 700-880 14,800—16,200 


Percentage of Breaking Load of 
Unwelded Strip */, In. Wide 
435 26.54 


22.99 


Schraivogel® 
Shear Strength, Lb./Spot 
Heat-Treated 
After Welding 


Thickness 
of Each of 
Not Heat-Treated 


0.016 220 220 
0.079 1000 1150 
0.118 1350 1760 


‘ 


Shear Strenath - Pounds /Spot 
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Fig. 1l—Effect of Sheet Thickness and of Alloy Welded on the Shear Strength of Spot Welds in Aluminum. The Specimens Are Shown in 
Fig. 8. The Welds from Which the Curves Were Calculated Were Made at Somewhat Different Currents Than Optimum. Hoglund and Bernard’ 


Curve No. 


obtained only 710 Ib. for similar welds as single spots in 
the center of strips */, in. wide sheared from a spot- 
welded joint with l-in. overlap (average of three speci- 
mens). In sheet 0.036 in. thick the breaking load was 
406 Ib., which was 27.59% of the breaking load for an 
unwelded strip of the same width and thickness. 

Effect of Thickness.—To a first approximation, shear 
strength is directly proportional to  thickness,?®7%.% 
Fig. 11. Beyond 0.08 in. the strength is less than pro- 
portional to thickness in Fig. 11, particularly for Alclad 
248-T. A similar observation was tmmade by Larsen'® 
(proportionality up to 0.047 in.) and by von Schwarz and 
Goldmann® (proportionality up to 0.059 in.). Dobson 
and Taylor®* and Steward® quoted direct proportionality 
for Alclad up to at least 0.048 in. (low strength), and 
0.08 in., respectively. Strength was slightly less than 
directly proportional to thickness in Schraivogel's*® 
tests of duralumin up to 0.12 in. thick. L'Aluminum 
Francais,'* while quoting direct proportionality up to 
at least 0.079 in. for duralumin and AIl-7% Mg alloy, 
found that strength was considerably less than directly 
proportional to thickness for aluminum. Whereas an 
increase in thickness from 0.024 to 0.049 in. raised the 
strength of spot welds in aluminum from 90-110 Ib. to 
310-330 Ib., further increase to 0.079 in. raised the 
strength only to 440-460 Ib. /spot. 

Although Camp® in 1928 stated that the shear strength 
of aluminium alloy spot welds was proportional to the 


Alloy end Temper 


3S-1/4H to 3S-H 
Alclad 245-T 
52S-1/4H to 52S-H, 53S-W 535S.T 


area of welded surface, the approximately direct pro 
portionality between shear strength and thickness and 
between diameter of welded surface and thickness sug 
gests that shear strength should be, proportional to the 
square root of the area of welded surface. If it is as 
sumed, in accordance with present ideas, that the stress 
distribution over the surface of a single spot weld becomes 
less favorable as the diameter increases, it becomes ap 
parent that shear strength will not increase directly 
proportional to the area of the spot. Unfortunately, 
there have been few calculations of the breaking stress 
of spot welds in aluminum alloys, for the reason that 
failure occurs by shear through the spot only in thick 
sheet. Whereas von Schwarz and Goldmann found that 
the breaking stress of spot welds in duralumin up to 
0.079 in. thick decreases as thickness is increased, the 
calculations of Schmitt*’ and Rietsch,’* Tables 11 and 13, 
suggest the reverse. 

Design Formulas.—-According to Johnson,’* the shear 
strength (Ib.) of a specimen containing a single spot is 


in which ¢ = sheet thickness, inch 
7T.S. = tensile strength of sheet, Ib./in.* 
K = 5 for maximum and 7 for minimum 


strength, the maximum being required 
to eliminate spots that are cracked by 
excessive heat. Hibert®®.'® used K 


Table 13—Shear Strength of Spot Welds in Heat-Treated Al-Mg-Si Alloy 


Rietsch*? 
Thickness 


Thick ness 
of Each of Shear Shear 


of Each of 


Two Sheets, Strength, Strength, Two Sheets, 
In Lb./Spot Lb./In.? In. 
0.016 190 11,100 0.016 
0.039 425 19,500 0.030 
0.059 S00 17,100 0.0389 


0.059 


RESISTANCE WELDING ALUMINUM 


Schmitt™ 
Diameter of Shear Strength 
Spot, In. Lb./Spot Lb./In.? 
0.13-0.14 155-175 11,100-11,700 
0.15-0.16 310-340 17,500-17,700 
0.16-0.17 330-375 16,700-17,000 


0.21-0.22 550-660 18,100-19,700 
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Table 15—Double Shear Strength Compared with Single Shear. Dobson and Taylor,®* 1936. Alclad DTD 111 
Breaking Load, Lb./Spot Ratio: 


Thickness of Each of 
Three Sheets, In. Single Shear 
0.018 168 
0.022 243 
0.028 336 
0.0386 425 
0.048 458 


* Low because capacity of welder was inadequate. 


Dunlap* 1929. Alclad 17S-T, 0.039 in. thick 


Number Single Shear Breaking Double Shear Breaking Ratio of Breaking Loads 
of Type of Breaking Load, Type of Breaking Load, per Spot: 

Spots Joint Load, Lb. Lb./Spot Joint Load, Lb. Lb./Weld Double Shear/Single Shear 
1 Single Spot 391 391 Single Spot 640 20 1.64 
2 Two Spots in line with Load 690 345 Two Spots Perpendicular to Load 1230 310 1.78 
3 Three Spots in A Formation 970 320 Three Spots in A Formation 1112 185 1.16 
4 Four Spots in Formation 1230 310 


7 and adopts */; of the shear strength 
as the design strength. An English 
authority* also used design formulas in 
which strength was directly propor- 
tional to thickness. 

Deviations.—-The deviation of the shear strength of a 

spot from the average may be: 

(a) 15-20%—Hoglund and Bernard,'* 1938. 

(b) usually less than 10% for aluminum duralumin, 
and Al-7% Mg alloy up to 0.079 in. thick— 
L’ Aluminium Frangais,"' 1938. 

(c) 1938. 

(d) +20% for Alclad, less in unclad—Hibert,*" 1938. 

(e) +2 to 15% for 3S and Al-7% Mg alloy but up 
+ 25% for Al-4% Cu-0.8 Mg and Al-4% Cu- 
2% Ni-0.8% Fe alloys, Table 23——Doussin.*! 
1938. 

(e) +5-20%-—-Schmitt,®? 1937. 

(f) +30% for duralumin, and is less after heat 
treatment-—Schraivogel,*® 1936. 

(g) +15% as-welded for Alclad 24S-T, but + 10% 
after remaining at room temperature for 6 days 
or more—-Steward,® 1936. 

(h) 5000 7 (in Ib.), where 7 = thickness in inches, 
which corresponded to +24%—Wright Field, 
quoted by Steward,° 1936. 

(i) +5% for duralumin and Alclad——Flight,”® 1934. 

(j) +*25%—Downes,*® 1930. 


Hérenguel and Santini'®* made eight successive welds 
in sheets 0.039 in. thick of 5.0% Mg and 6.5% Mg alloy 
(spot spacing = 14 in.) in a reactor type d.c. welder, 
and tested each separately. With proper settings the 
first weld in 5% Mg alloy had the same breaking load 
(910 Ib.) as the eighth, the breaking loads ranging from 
910 to 935 Ib. With the same setting the range for the 
6.5% Mg alloy was 900-1025 lb. (deviation = +6%). 
With other settings the deviations were up to *25%. 
Deviations increase as the capacity (upper or lower) of 
the welder is approached.*! 


Double Shear 


The preceding sections on strength deal with single- 
lap joints. If three sheets are spot welded and the 
middle sheet is pulled in the opposite direction from the 
outside sheets, Fig. 12, the ‘“‘double-shear strength’’ is 
determined. Dunlap,**’ Table 15, found that a double- 
shear weld is not equivalent to two single-shear welds. 
Less conclusive results were secured by Dobson and 
Taylor,®® whose welds were comparatively weak. Oss- 
wald’® referred to the low strength per weld of double- 
shear welds as a foregone conclusion, and believed that 


264-s 


WELDING RESEARCH SUPPLEMENT 


Double Shear Double Shear/Single Shea: 


308 1.84 
392 1.61 
530 1.58 
952 2.24 
951* 2.08 


cavities, which are inevitable in thick sheet, lowered the 
strength of double-shear spots a little (no details) but 
had no effect on single-shear spots. Without supplying 
convincing evidence, von Schwarz and Goldmann* 
stated that due to absence of prying action, there is 
higher strength per weld in double-shear joints in dur- 
alumin than in single-shear joints. 

Testing double-shear joints, Fig. 12, in Al-5% Mg, 
Dietze” found that failure occurred by double shear in 
the middle sheet. As the thickness of the middle sheet 
was increased, Table 16, the strength increased, provided 
the welder was adjusted correctly (no details). 


Table 16—Double-Shear Joints (Fig. 10) in Al-7% Mg Alloy. 
Outer Sheets 0.047 In. Thick. Dietze” 


Thickness of Middle Breaking Load per Spot, Lb. 


Sheet, In. Setting I Setting II 
0.024 £90 660 
0.047 960 1320 
0.071 1390 1580 
0.095 1230 1620 
0.118 880 1700 


Machine Setting II was more successful than Setting I. 


39-47 


Aa 


Fig. 12—Double-Shear Specimen Used by Dietze.” Arrows Indicate 
Direction of Rolling and Direction of Pulling in Tension Test 
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\[ultiple-Spot Joints 


In multiple-spot joints the spots generally are in rows 
perpendicular or parallel to the axis of loading. It is 
difficult to distribute the load uniformly if the spots are 
perpendicular to the load. On the other hand, with a 
row of spots in the direction of loading, the spots at the 
end of the row probably are more highly stressed, by 
analogy with riveted joints, than the spots in the middle 
of the row. There have been no studies of stress distri- 
bution in multiple-spot joints, but as a general rule 
Johnson” stated that the strength per spot of a multiple- 
spot joint always is less than the strength of a single- 
spot joint. Shunt and heat effects complicate the deter- 
mination of the strength of multiple-spot joints to an un- 
known extent. 

Experimental results, Table 17, bear out Jo&nson’s 
contention, in general. Nevertheless, Mandran’s’® re- 
sults show that multiple-spot joints have the same 
strength per spot as single-spot joints. The strength of 
multiple-spot joints was more uniform than that of 
single spots, a result which is in agreement with Table 
18, and with Hoglund and Bernard’s™ conclusion that 
two-spot specimens, Fig. 8, exhibit less variations in 
strength than singie spots. They also stated that the 
strength per spot is lower (no details) for the two-spot 
specimens than for single spots. 


Table 17—Strength of Multiple-Spot Joints. Rietsch,”? 
1937. Two Sheets Each 0.039 In. Thick 
Type of 
Joint Duralumin 
Single spot 650 lb./spot 
480 Ib. /spot 525 Ib. /spot 
(29,700 Ib./in.2) spots (31,200 bl./in.*) spots 
sheared or unbuttoned sheared or unbuttoned 
470 Ib./spot 420 Ib./spot 
(38,300 Ib./in.*) fracture (33,600 Ib./in.*) fracture 
was either tangential was tangential to lines 


Al-Mg Alloy 


to lines of spots, or the of spots 
spots unbuttoned or 
sheared 


410 Ib./spot 415 lb./spot 
(36,200 Ib./in.*) spots (32,400 Ib./in.?) fracture 
sheared was tangential to lines 
of spots (spots sheared) 


Mandran,”®’¢ 1934. (No details) 


Thickness of Deviation 


Each of from 
Two Sheets, Shear Strength,* Average, 
Specimen In. Lb. Lb./Spot % 
Duralumin 3 spots 0.023 615 205 +5.5, —4.5 
Duralumin 5 spots 0.012 560 110. +3.2, —3.5 
Alclad 1 spot 0.031 265 265 +5.5, —4.5 
Alclad 4 spots 0.031 1100 275 4.1, —3.5 


* Averages of 50 specimens 


Johnson,* 1932. Alclad, 0.050 In. Thick, 3 Rows of Spots Each 
0.16-0.20 In. Diameter, 5 Spots per Inch (No Details of Machine 
Settings) 

Shear Strength 
Lb. /In. Lb./Spot 
Welds made in heat treated sheets, welds 


not heat treated 2100 420 
Welds made in annealed sheets, welds heat 
treated 2620 525 


Dunlap,***2."" 1929 (see Table 15); Single Shear Joints in 2S-O, 
0.051 In. Thick 
Shear Strength 


Number of Spots Lb. Lb./Spot 
l 250 250 
2 420 210 
3 560 190 
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Miscellaneous Joints 


Two suggestions have been offered, Fig. 13, to increase 
the strength of single-shear joints. Bollenrath and Bun 
gardt made no tests on their suggested joint, which was 
expected to fortify the shear line of the weld. It is doubt 
ful whether the joint would offer exceptional resistance 
to unbuttoning. The joint suggested by Schraivogel*® 
was reinforced by two disks welded to the upper and 
lower surfaces of the joint. The resulting weld was porous 
and overheated, yet there was a small increase in static 
strength (no details), fracture occurring at the edge of 
the fused zone. 

Static shear tests of spot welds between bulb angles 
and sheets of an alloy containing small amounts of Mg 
and Mn are described in Table 18. To determine the 


Table 18—Shear Strength of Single-Shear Joints Between a 
Sheet and a Bulb Angle. Douglas” 


Shear Strength Shear Strength 

Thickness of of Single-Shear, of Single-Shear, 
Angle and Single-Spot Two-Spot 
Thickness of Specimen, Specimen, 


Sheet, In. Lb./Spot Lb. /Spot Fractures 
0.022 462-475 452-475 Sheared through 
weld 
0.028 550-559 538-564 Unbuttoned 
0.036 640-750 726-732 Unbuttoned 
0.048 670-852 746-784 Unbuttoned 


strength of the spot weld itself in the presence of a notch, 
a French authority*® used the specimen in Fig. 14. The 
specimens, which contained 1.5-3.5 Cu, 0.25-1 Mg, 
0.5-1.5 Ni, 0.5-1 Cr, were welded on a condenser type of 
welder using a copper tip 0.28 in’ diameter, S80 Ib. total 
load, 30,000 amp. The load at fracture was 670 Ib. 
(average of 7 specimens, 630 to 750 Ib.). The single 
shear strength of welds in the same sheet was 1050 
1080 Ib. The low strength of the specimen in Fig. 14 
may tentatively be ascribed to the notches (no details). 


Hardness 


A micro-Vickers hardness test of a cross section of a 
spot weld in duralumin® (no details) revealed 85 micro 
Vickers at the center of a good weld, 100 close to the 
edge of the sheet that was under the tip. The unwelded 
sheet was 110 micro-Vickers. A bad weld was 60 at the 
center of the weld, 90 at the edge of the sheet. In 1928 
Dunlap® found that the hardness of 51S-W was 55 
Brinell '/; in. beyond the spot, 65 Brinell 2 in. bevond the 
spot (no details). 


Fig. 13 (Upper)—Specimen with Offset Spot Suggested by Bollenrath and 
Bungardt.’ (Lower)—Specimen with Disks Between Surface of Sheet 
and Tips for Al-Mg Alloys Used by Schraivogel. (Tracing from Photo- 
graph of Weld in Sheets 0.06 In. Thick, Showing Porosity and Fracture 
at Edge of Slug in Tension Test) 
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stresses had no effect on static shear strength but greatly 
improved the fatigue strength. For example, a heat 
treated spar in 9% Mg alloy withstood 4,000,000 cycles 
at the given amplitude (0.63 in.), withstood an additional! 
4,000,000 cycles at an amplitude of 0.79 in., a further 
5,000,000 cycles at 0.98 in. before failure. 


Por 


Fig. 14—Notched Specimen Used by Languepin™ for Spot Welds in 
Sheets 0.039 In. Thick 


7 orsion 


Without describing his test procedure, Steward‘ 
stated that yield of spot welds in Alclad 24S-T occurs at 
approximately 5° for any sheet thickness. The load 
falls to about 60° of maximum at 5° and falls to zero 
during the next 5° or 6°. Maximum torsional moment 
increased in nearly direct proportion from 25 in.-lb. to 
140 in.-Ib. as the thickness increased from 0.020 in. to 
0.092 in. Combined torsion-compression tests (incom- 
plete details) of spot-welded Al-9% Mg alloy cylinders, 
14 in. diameter, 0.032 in. thick, by Reichel*®! resulted in 
failure of stiffeners; the welds remained intact. 


Compression 


Comparisons have been made between riveted and 
spot-welded cylinders*! and columns,'! but in neither 
instance were sufficient details supplied upon which to 
base conclusions. Spot-welded aluminum parts in com- 
pression exhibit permanent deformation of the weld 
metal at 35% of design strength, according to Marsch 
ner®® (no details). He overcame the difficulty by 
hammering or rolling the line of welds. 


Fatigue 


Pulsating Tension Tests.—Relatively few tests have 
been made, Table 19. Without supplying complete evi- 
dence, Osswald'® concluded that spot welds in Alclad 
0.079 in. thick having low static shear strength (850 Ib. 
spot) withstood more cycles of stress than welds with 
high static strength (980 Ib. /spot). The static strengths 
quoted by Osswald are about 25% less than those quoted 
by Hoglund and Bernard.'* Specimens with sheared 
edges had an arched appearance, consequently were 
stiffer and had higher fatigue strength than sawn speci- 
mens.'"? In none of the tests was it certain that an en- 
durance limit had been attained. 

Fractures in the pulsating tension tests occurred at the 
edge of the weld, irrespective of thickness. Although 
Osswald believed the region of maximum stress concen- 
tration, which is at the edge of the weld according to 
photoelastic tests, was the origin of fatigue failure, 
Schraivogel's® micrographs seem to show that the crack 
starts at the notch created by metal exuded between the 
sheets. 

Reversed Bend Tests.—Table 20 summarizes the only 
information that is available in the literature. 

Tests of Components. hee spars 6'/2 ft. long, 2 in. 
square, made of annealed Al-7% Mg and Al-9% Mg al- 
loys 0.039 in. thick were tested by Reichel*' at a fixed 
amplitude. The spars were held in a jig to prevent tor- 
sion during welding, and the spots were 0.39 in. apart. 
As-welded spars failed after 200,000 to 800,000 cycles, 
fine cracks being observed in the vicinity of the main 
fracture through the spot welds. Heat treatment (1 hr. 
at 330° C.) to remove columnar structure and shrinkage 
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Table 19Pulsating 7 Tension Fatigue T Tests of Spot Welds. 
(Lower Load = Nearly Zero) 


Fatigue Strength 
in Shear Lb./Spot 
At10® At 10’ 
Specimen Cycles Cycles Reference 
Al-7 %Megalloy,singlespot, 
single-shear specimen, 2 
in. wide,t sheets 0.079 
in. thick 240 190 
Alclad, single-spot, single- 
shear specimen, 2 in. 
wide, sheets (0.079 in. 
thick 360 240-350 Osswald, 1937 
Duralumin, single-spot, 
single-shear specimen, 
0.059 in. thick 175 Rietsch,”? 1937 
Al-2%Mg-1%Si alloy, 
-spot, single-shear 
specimen, 0.059 in. thick ; <48 Rietsch,’? 1937 
Alclad, single-spot, single- 
shear specimen, 0.016 in. 
thick 75 
Alclad, three-spot, single 
shear specimen, 0.079 in 
thick 180 110* Schraivogel,®” 1936 
Al-7%Mg_ alloy, three 
spot, single-shear speci- 
mens, 0.039 in. thick 120 100 Schraivogel,*®” 1936 


Osswald,” 1937 


Schraivogel,*® 1936 


* 105 Ib./spot at 50 million cycles. 

* Specimens 1 in. wide, but otherwise identical withstood only 
half as many cycles at 320 lb. as specimens 2 in. wide, which with 
stood about 500,000 cycles. 


Table 20—Reversed Bend Fatigue Tests of Spot Welds. 
Hentzen.** Specimens Consisted of Two Sheets Each 0.032 
n. Thick 

3 Fatigue 


1 
———. Mm Speci- No. of Strength, 
| 


men Spots Lb./In.* 


1 2 4390 
l 2 7100* 
2 3 7800 
> 3 2 
4 2 4800) 


In view of lack of details these strengths are of comparativ: 
value only 


* Heat treated after welding. 


Axial tension compression (+7600 Ib./in.*, 77 cycles 
sec.) fatigue tests were reported by the National Advisory 
Committee on Aeronautics on a spot-welded Alclad 
24S-RT girder 4°/; in. deep, 37°/, in. exposed length, with 
ends cast in Lipowitz alloy. The channels and webbing 
were 0.032 in. thick. The distortion of the girder due to 
welding was not considered sufficient to affect the results, 
which were disappointing compared with other types 
of girders. The first crack appeared after 61,200 cycles, 
and complete failure ensued after an additional 10,000 
cycles. The first crack was followed by numerous others; 
all originated at spot welds. 

Fatigue tests on airplane rudders are mentioned by 
Hentzen* in which satisfactory results were obtained 
whether the rudder was so loaded as to fail in 100,000 
cycles or in 13 million cycles. Fatigue tests on panels 
at +3 to 4 times the safe wrinkling load also were satis- 
factory. A wing section tested by Steward® at 1700 
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r. p. m., 5000 Ib./in.* skin stress failed at a considerable 
distance from the spot welds. 

Fatigue Fractures.—Fatigue fractures in pulsating 
tension tests occur at the edge of the weld, due to stress 
concentration and to notch effect created by exuded 
metal. It is possible” that the softness of the zone near 
the weld favors fatigue fracture. The capacity of the 
softened zone for cold work” may exert some influence. 
The fatigue failure in Alclad 24S-RT 0.025 in. thick, illus- 
trated by Burns,” started within the weld, perhaps at a 
crack due to welding. It is a question, as H. W. G. Hig- 
nett points out (private communication, May 1940), 
whether cracks within a weld necessarily reduce fatigue 
value, for fatigue failure generally occurs in the region 
of high stress concentration at the edge of a weld. The 
role of porosity also is not clear. Hubert! does not weld 
more than two sheets, if fatigue value is important, be- 
cause three- and four-ply welds are prone to cracking 
and porosity. Johnson” also believed that porosity was 
injurious to fatigue strength. Osswald’ and Schrai- 
vogel,*” however, detected no effects due to porosity, 
even if it were pronounced. 

Effect of Heat Treatment.—Heat treatment has a bene- 
ficial effect on fatigue strength,*'** Table 20. Osswald'® 
reported that heating spot welds in Al-7% Mg alloy 
0.079 in. thick for '/s hr. at 250° C. raised the number of 
cycles in pulsating tension fatigue tests from 110,000 to 
230,000. The beneficial effect of heat treatment must 
lie in relief of shrinkage stresses, the columnar structure*! 
of the weld playing no part in fatigue failure. 

Welds Compared with Rivets.—Although some authori- 
ties'®.°*.168 state that spot welds are equivalent to rivets 
in fatigue, especially in vibration tests of fuel tanks,”* 
others arrived at the opposite conclusion.**:7?\ It is a 
question primarily of state of development and work- 
manship. 


Corrosion 


Literature through 1936 on corrosion of spot-welded 
aluminum and its alloys has been summarized (AMERI- 
CAN WELDING SOcIETY JOURNAL, 16 (8) Research Suppl., 
25-30 (1937)), but a great deal of additional information 
has been accumulated during the past few years. Alloys 
containing about 4% Cu are not suitable for spot welding 
if they are to be used in marine atmospheres or in con- 
tact with saline solutions. Cladding is a complete rem- 
edy. 

Commercially Pure Aluminum.—Exposure in marine 
atmospheres and alternate immersion under tidewater 
conditions have no greater effect on spot-welded 2S- 


'/,H than on unwelded metal.'* Annealed sheets have 
even better corrosion characteristics after spot welding 
than cold rolled."* 

Alclad.—Copper-bearing alloys that have been clad 
with aluminum have as good corrosion resistance after 
spot welding as Snpot-welded Alclad 
17S-T and Alclad 24S-RT showed no deterioration in 
marine atmospheres’ or in tidewater in New York" 
or in Florida’ after several years. Steward*® observed 
no corrosion of spot welds in Alclad 24S-T after a 20-hr. 
test that was said to be equivalent to 2000 hr. in a salt 
spray. After 1 year in 20% salt spray spot welds in 
Alclad 0.048 in. thick showed a loss” in strength of only 
0.86%. Prolonged corrosion (6 months in an agitated 
solution containing 3% NaCl, 0.1% HeO:2) of spot welds 
in Alclad, which removed the cladding completely, did 
not cause intergranular corrosion in the underlying dur- 
alumin.*® Increasing the overlap delayed attack on the 
weld between the sheets* (no details). 

Both Alclad 17S-T and Alclad 24S-RT suffered negli- 
gible loss in strength’‘ after exposure to the weather in: 

(1) Temperate inland atmosphere (Washington, 

TD. C.) free from industrial and marine con- 
tamination, 

(2) Tropical seacoast with occasional salt water spray 

(Panama Canal Zone), 
(3) Temperate seacoast (Hampton Roads, Va.) with 
occasional salt water contact. 
The shear strength (specimens nearly identical with the 
smaller specimen in Fig. 8; sheets 0.064 in. thick) was 
scarcely affected by exposure, Table 21. 

Loss-in-weight measurements were made by Cournot 
and Baudrand,'®* Table 22, on specimens 3'/» x 3*/, in. 
(sheet thickness = 0.039 in.) that had been totally im- 
mersed vertically for 1680 hr. ih artificial sea water at 
20° C. The sheets were degreased, washed and sand 
blasted. Although it is difficult to interpret loss in 
weight measurements, and although the strength before 
corrosion was not reported, it is clear that the Alclad 
specimens were the best of the four sets. In Mutchler 
and Galvin’s'®® tidewater and weather exposure tests at 
Hampton Roads, Va. (see paragraph on Dissimilar Al- 
loys in this section on Corrosion), the spot welds in Al- 
clad 24S-T, 0.040 in. thick were corroded preferentially, 
but not to a serious extent after | year. Pyne’ mentions 
spot-welded Alclad 24S-T that had been exposed to 
salt spray continuously for ten years with merely super- 
ficial attack, while spot-welded Alclad 17S-T lost only 
0.86% in tensile strength after exposure for one year to 
20% salt spray." 


Table 21—Exposure to Weather Has Little Effect on Some Spot-Welded Alloys. Mutchler’’ 


Total Breaking Load, Lb. Hampton 
Uncorroded Washington, Canal Zone, Roads, 
Maximum Average * Minimum 5 Vearst 5 Yearst 4 Yearst Fracture 
Alclad 24S-RT 2550 2190 1800 2270 2040 2150 Majority sheared through the weld 
Alclad 17S-T 2460 2090 1650 1970 2010 1880 Majority sheared through the weld 
4S-'/,H 2110 1990 1900 2000 2020 2000 Majority broke adjacent to welds 
X52S-!/,H 1640 1570 1500 1590 1570 1570 Majority broke adjacent to welds 


* Average of 13 specimens tested initially or kept in sealed containers 


+ Average of 3 specimens 


Composition of Sheets 


Cu Mg Mn 
Alclad 24 S-RT 4.17 1.59 0.57 
Alclad 17S-T 4.10 0.59 0.58 
4S-'/,H 0.10 0.89 1.04 
X52S-'/,H 0.02 24 0.00 


Fe Si 

0.14 0.09 Coated with 99.75% Al 
0.48 0.50 Coated with 99.75% Al 
0.43 0.22 

0.37 0.20 0.19 Cr 


Note: It was impossible to remove all oil from the overlapping surfaces of the spot-welded specimens before the corrosion test. 


Visual examination revealed local attack at the welds, but the penetration due to the local attack was insufficient to affect the strength. 
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Baudrand"* 


Breaking Load 
of 2 Welds, Lb. 


Loss in Weight, 
Mg./M.?/Hr. 


Heat Heat 
Alloy As-Welded Treated As-Welded Treated 
Hr to Hr 730* 760t 2.75 2.07 
Alclad to Alclad 700* 840* 2.12 1.98 
Al-Mg to Al-Mg 6307 i 2.32 
Hr to Al-Mg 670 690 4.72 4.22 


Composition of Alloys, % 


Alloy Cu Si Fe Ni Cr Mg Mn _ = Heat Treatment 
Hr 3.8 0.4 0.5 0.5 0.5 ... ... Quenched and aged 
Alclad Alloy Hr clad with aluminum 


* Uniform attack over the entire specimen. 
+t Attack specially severe at the welds. 
t Rings of Al.O; around the spots. 


Al-Cu Alloys.—Contrary to successful results with 
spot-welded 17S-T in saline conditions in 1929, all other 
tests show that other alloys are better than the Al-Cu 
alloys for withstanding corrosion in saline conditions. 
With 17S-T and 24S-T there was preferential attack of 
the welds in tidewater and loss of strength in marine 
atmospheres.'* ‘Tidewater corrosion in Florida was of 
the intergranular type, according to Johnson.’ Metals 
Handbook?! points out that spot-welded Al-Cu-Mg-Mn 
(17S) alloys have less corrosion resistance than un- 
welded, and a French authority” protects spot-welded 
duralumin exposed to marine conditions. Unclad dur- 
alumin is not so resistant to corrosion as Alclad, Table 
29 

Salt spray reduced the strength of spot welds in Al- 
Cu-Mg alloy 64 to 85% in Doussin’s tests, Table 23. 
Substitution of 2% Ni and 0.75% Fe for the magnesium 
content rendered the welds remarkably resistant to 
corrosion from the standpoint of strength. 

A Russian investigator” observed preferential (not 
intergranular) corrosion of spot-welded duralumin after 
6 hr. in artificial sea water containing 0.5% H2Os. Coloro- 
scopic tests*® revealed severe corrosion in a ring around 


Table 23—Static Tensile Tests of Spot Welds Using the Specimens Shown in Fig. 19. Doussin’®! 


spot welds in duralumin made with an a.c. welder, but 
none in welds made with a machine operating on the 
principle of accumulation of energy. Al-Cu alloys tend 
to corrode at the edge of a spot."° Without supply 
ing details, LoBue*® reported good results (no details) 
with welds in duralumin made by his oxide-surfacy 
method. 

Intergranular corrosion has been observed in spot 
welds in 24S-T by Johnson'® (tidewater, Florida) and 
in spot-welded duralumin by Schraivogel,*® who did not 
describe his tests. In Schraivogel’s tests corrosion oc- 
curred on the outside surfaces of the sheets in a ring 
about 0.1 inch away from the edge of the slug. The 
corroded metal had particles of compound in the grain 
boundaries. Without supplying evidence, Hobrock" 
stated that corrosion of spot-welded duralumin occurred 
in the softest zone. In general, rapidly quenched Al-Cu 
alloys are not susceptible to intergranular corrosion, nor 
are alloys that have aged at room temperature. Heating 
the quenched alloy to a relatively low temperature, 
particularly 130-145° C., creates susceptibility to inter 
granular corrosion, which occurs in warm marine cli 
mates. It is believed that the thin network of aluminum 
depleted of copper in sensitized alloys is anodic to the 
remainder of the metal; hence attack is concentrated on 
the boundaries. 

Al-Si-Mg Alloys.—Tests of spot-welded 515 in saline 
solutions and in tidewater revealed preferential corro 
sion.'® On the other hand, spot-welded 53S-T is satis 
factory.'**° Spot welds in sheets containing 0.6 Si, 0.8 
Mg, and in addition 0.7 Fe, 1.2 Mn lost no strength in 
salt-spray tests, Table 23. In Mutchler and Galvin’s'*® 
tidewater and weather exposure tests at Hampton 
Roads, Va. (see paragraph on Dissimilar Alloys in this 
section on Corrosion), the spot welds in 53S-T sheet 
0.040 in. thick and extruded plate '/s in. thick or combi 
nations thereof were corroded to a Yreater extent than 
base metal, similar gas welds and similar spot welds in 
52S-'/2H sheet, but not to a serious extent after 1 year. 
Exposure to the weather caused more corrosion than ex 
posure to tidewater. 

Al-Mg Alloys.—Alloys containing small quantities of 


After Corrosion* 
Decrease 


in Decrease 
Strength in 
Before Corrosion Decrease of Heat- Strength 
Tensile Average Decrease Tensile in Average Affected Due to 
Strength Strength in Strength Strength Strength Zone Welding 
of Un in Strength of Un- Due to in Heat- Due to and 
Sheet Maximum Deviation welded Heat Due to welded Corro Affected Corro- Corro- 
Thick- Rmax. — Rmin./Rmin., Alloy Affected Welding Breaking Alloy, sion, % Zone, sion, % sion, % Breaking 
ness, % Lb./In.? Zone, % T-S. - Load, R,| Lb./In.? T.S. —  Lb./In? R’ — TS. Load 
Alloy Inch Machine A Machine B TS Lb./In.? RY/TS Lb Te T-/T.S R’:/R’ R'e/T.S. Re, Lb 
Al-Cu-Ni-Fe 0.039 6 21 55,500 24,200 56 310-370 43,800 20 19,600 19 65 320-360 
Al-Cu-Ni-Fe 0.059 26 57 61,200 26,400 56 385-690 49,800 19 24,300 8 59 570-650 
Al-Cu-Ni-Fe 0.079 52 59,700 23,800 56 690-1060 | 47,400 20 24,900 ? 58 530-770 
Al-Cu-Mg 0.016 140 56 62,600 23,800 62 55-210 44.100 29 9,300 61 to 100 85 
Al-Cu-Mg 0.039 62 55 58,300 23,800 59 175-310 45,500 22 19,800 17 66 140-225 
Al-Cu-Mg 0.059 25 22 61,200 25,800 58 380-780 50,500 18 22,200 14 64 570-40 
Al-Cu-Mg 0.079 32 62,600 26,600 56 530-780 48,800 20 18,900 29 71 580-691 
Al-7% Mg 0.039 11 49,800 27,800 44 340-390 39,200 21 22,400 20 56 310-350 
Al-7% Mg 0.059 11 2.5 39,800 34,700 13 $80 or 
670-730 32,000 20 20,000 $2 49 630-680 
Al-7% Mg 0.079 19 51:200 35,400 30 870-1020) 41,000 24 24,000 32 53 700-850 
Al-Mn-Mg 0.039 25 §.2 24,900 13,800 45 105-220 23,200 7 14,700 ie 41 100-120 
Al-Mn-Mg 0.059 35 2.0 29,200 16,800 42 220-420 26,300 10 16,800 0 42 340-390 
Al-Mn-Mg 0.079 25 18 29,200 15,500 47 300-490 26,000 10 15,500 0 46 370-44 
Composition of Alloys, % 
Alloy Si Cu Mn Mg Fe Ni 
Al-Cu-Ni-Fe 0.22-0.24 72-3. 80 0.13 0 0.74-0.78 2.10 
Al-Cu-Mg 0.28 3.8-4.0 0.12-0.30 0.75-0.88 Trace 0 rhe sheets 0.079 in. thick contained only 0.34% Ms 
Al-7% Mg 0.13-0.14 0 0. 13-0. 29 6. 45-6.70 Trace 0 
Al-Mn-Mg 0.51-0.60 0 1,22~1.28 0. 75-0.80 0.62—-0.71 0 
* Corrosion in salt spray after cleaning with alcohol and ether lime of Exposure, Days Sheet Thickness, In 
15 0.016 
30 0.039 
45 0.059 
60 0.079 
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magnesium (4S and 52S) are satisfactory,'*.*°."* Table 21, 
in marine atmospheres and tidewater. Spot-welded 
alloys containing 7% Mg have excellent corrosion re- 
sistance. Spot-welded sheets 0.047 in. thick had a shear 
strength of 505 Ib. before test” and 495 Ib. (averages of 7 
specimens) after 6 months in a solution containing 2% 
NaCl, 0.1% He2Oe. Welds in 0.039-in. sheet having a 
shear strength of 610 lb. before test had a strength of 
550 Ib. (averages of 5 or 6 specimens) after 3 months in 
salt spray."© In Mutchler and Galvin’s'®® tidewater and 
weather exposure tests at Hampton Roads, Va. (see 
paragraph on Dissimilar Alloys in this section on Cor- 
rosion), the spot welds in 52S-'/2H sheet 0.040 in. thick 
were corroded preferentially, but not to a serious extent 
after 1 year. Exposure to the weather caused more 
corrosion than exposure to tidewater, perhaps because 
the specimens became coated with mud and slime in 
tidewater. After 3'/2 months in an agitated solution 
containing 3% NaCl, 0.1% H:O: (alternate immersion), 
spot welds in Al-7% Mg alloy 0.079 in. thick exhibited 
slight, uniform corrosion on the side in contact with the 
lower flat electrode, and local corrosion (dark deposit) 
of the fused metal that appeared on the surface in con- 
tact with the spherical electrolytic copper tip. The 
heaviest corrosion occurred between the sheets, the exu- 
ded eutectic being attacked preferentially. In Dous- 
sin’s*' tests, Table 23, the Al-7% Mg alloy was said to 
be subject to pitting around the welds in salt spray and 
did not yield particularly good results. Goldowsky'®* 
found that Al-Mg alloys tend to corrode in the center of 
the spot. Table 22 suggests that Al-9% Mg alloy is 
likely to be satisfactory. 
Dissimilar Alloys.—Yhe results in Table 22 suggest 
that spot welds between unclad duralumin and Al-9% 
Mg are likely to have low corrosion resistance. Prob- 
ably any form of contact or junction between the two 
alloys would accentuate corrosive attack. Spot welds 
joining Alclad 24S-T to 3S or 52S exhibited no corrosion 
after 20 hr. in an accelerated test® that was said to be 
equivalent to 2000 hr. in salt spray. Similar good results 
were secured by Mutchler and Galvin'™ with specimens 
t x 14 in. containing 16 spot welds, joining 52S-!/;H 
to Alclad 24S-T or 53S-T, 0.040 in. sheet or joining ex- 
truded 53S-T, '/s in. thick to Alclad 24S-T 0.040 in. 
thick. Some specimens were exposed to the weather at 
5” over a creek comparable with ocean water at Hamp- 
ton Roads, Va.; others were exposed to tidewater (5-hr. 
periods, twice every 24 hr.) in the creek; exposure time 
was 1 year. The corrosive attack was relatively very 
slight and was no greater than occurred on spot-welded 
specimens of the identical alloy. However, the spot 
welds were corroded to a greater extent than base metal 
and similar torch welds. None of the exposed surfaces 
contained copper, which accentuates contact corrosion. 
Heat Treatment.—If spot welds in duralumin are heat 
treated, the corrosion resistance is improved," Table 22 


and there is no tendency toward intergranular corro- 
sion.*° 

Pick-Up.—Pick-up of copper from the tip lowers the 
corrosion resistance of spot welds in aluminum and its 
alloys.™*1°* Frequent cleaning of tips therefore is im 
portant. The lower current density at the flat electrode 
was believed by Osswald"” to account for the superior 
corrosion resistance of the surface in contact with the 
flat electrode compared with the surface in contact with 
the spherical electrode. Possibly pick-up accounts for 
the observation by Nelson’ in 1927 that in some 
samples, not in all, the spot weld and the duralumin 
sheet constitute a “local element’’ in corrosion. The 


local element was believed’ to be caused by the cast 
structure of the weld (no evidence). 
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Protection.—Protection against corrosion of 


spot 
welds in Alclad 24S-T may consist in anodizing followed 


by painting. Anodizing is not applicable to overlapping 
surfaces,'®' for the anodizing liquid held between them 
may cause corrosion."* 


Corrosion Fatigue 


Some spars (Al-9% Mg alloy, 0.039 in. thick) of the 
type described in the section on Tests of Components 
were sprayed*! for 10 minutes every hour with a solution 
containing 3% NaCl. Some of the spot-welded spars 
were heat treated before test. The heat-treated and 
uniformly corroded spars failed after fewer cycles than 
the heat-treated and uncorroded spars, though all 
corroded spars withstood 4 million cycles at an amphi 
tude of 0.63 in. without failure. The corroded spars that 
had not been heat treated failed at about the same num 
ber of cycles (200,000 to 360,000) as similar spars that 
had not been subjected to corrosion. 


Alloys That Have Been Spot Welded 


Wrought Alloys.—All of the more common wrought 
alloys of aluminum have been spot welded. Some po- 
rosity is inevitable in the strongest spot welds in thick 
sheet. Nevertheless there has been a great advance 
since 1927 when spot welds were full of cracks and holes. 
Although duralumin was the alloy most commonly se 
lected for spot welding in the period 1924-1932, it is now 
the only alloy that should not be spot welded’."* unless 
there is good protection from corrosion.*! Substitution 
of nickel and iron for the magnesium may remove some 
of the spot-welding disabilities of duralumin, Table 25 
Hibert*®.** spot welded only Alclad 24S-T, 525 and 53S 
T, welded joints in 52S having the same (static) design 
value as unwelded sheet. : 

In 1930 it was found® that spot welds in 25 were not 
porous, in contrast with the strong alloys, spot welds in 
which were porous. The distinction between aluminum 
and the aluminum alloys based on porosity no longer 
exists, yet annealed high-purity aluminum thicker than 
0.10 in. cannot be spot welded.*! The high conductivity” 
and low resistance to deformation under the tips*' 
appear to account for the difficulty. 

Essentially the same spot-welding characteristics ar 
exhibited by all alloys. Some** recommend higher 
total load for hard alloys than for soft; others'*’ adjust 
the current setting for different alloys. The stronger 
alloys produce the stronger welds in static tests, but 
there is no direct relationship between static shear 
strength and tensile strength of unwelded sheet. Three 
authorities®"®.' referred to the non-uniformity of results 
with Al-Mg alloys containing 5 to 9% Mg. Porosity was 
likely to be excessive unless machine settings were con 
trolled precisely. There were also strange variations 
among different lots of Al-Mg sheets of the same compo 
sition. On the other hand, Reichel*' experienced less 
cracking and porosity with Al-9% Mg alloy than with 
Alclad, and Portier? preferred Al-Mg alloys to other 
heat-treated alloys from the standpoints of cracks and 
porosity. Uniform results with Al-7% Mg alloy were 
secured by Doussin.*! 

Extruded Alloys.—Strong welds were obtained by 
Hinxman,”” Table 24, between sheet and extruded sec 
tion. It has been said** that the surface of extruded 
sections is different from sheet, and that caution there 
fore must be exercised in spot welding. Hunt®*? men 
tioned no difficulty in spot welding sheets to extruded 
sections. 

Cast Alloys.—As a general rule, castings may be spot 
welded to each other’ or to sheet.2* The following cast 
alloys have been spot welded: (a) 2S,*' (/) 48 and 1%) 
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Table 24—Shear Strength of Spot Welds Between Sheet and 


Extruded Section. Hinxman” 
Thickness, In. 
Wrought 2% Mg Extruded, Low- 
Alloy (Na 57S) Copper Alloy (Na 13S) Breaking Load, Lb. 


0.038 0.082 639-775 
0.031 0.082 557-583 


T6, '/s in. thick,® (c) Al-12 Si-0.3 Mg alloy." Dun- 
lap***? in 1928 spot welded 2S or 3S sheet up to 0.064 in. 
thick to castings '/, in. thick. 

Dissimilar Alloys.—Besides the spot welding of sheet 
to castings and extruded sections, sheets of different 
composition may be spot welded. There is no difficulty 
in welding 25 or 3S to 175, 25S or 51S** and any combina- 
tion of Alclad 24S-T, 52S and 53S-T is satisfactory.*° 
To obtain a symmetrical slug in spot welding Alclad 
24S-T to 35, Steward’ used a flat electrode on the 
Alclad. In Langley’s'” tests, spot welds between 2S 
and duralumin 0.032 or 0.039 in. thick had breaking 
loads intermediate between spot welds in 2S and spot 
welds in duralumin. The corrosion resistance of spot- 
welded joints between 3S or 5S and Alclad 24S-T is 
satisfactory® (see section on Corrosion). 

A comprehensive investigation of spot welding dis- 
similar aluminum alloys by Rohrig and Kapernick,'” 
Table 24, on sheets 0.039 in. thick showed that the 
greater the difference in solidus temperature, the lower 
is the strength. The welds were made on a seam welder 
with electronic control. A single spot was tested in 
shear. Examination of the structure showed that the 
major part of the slug was in the sheet having the lower 
melting point. However, the slug was of equal extent in 
both sheets in specimen 2. There was little difference in 
structure between the two parts of the slug; hence 
nearly complete diffusion occurs in the slug during spot 
welding. For example, when specimen 3 was etched with 
a mixture of 2000 cc. water, 50 cc. HCl, 15 ec. HNOs, 
15 cc. HF (chemically pure), the slug was colored gray- 
ish brown in all parts, showing that copper was present 
uniformly in all parts. Exudation of eutectic between 
the sheets was pronounced in Specimens 3, 5 and 6, was 
observed to a small extent in Specimens | and 2, and did 
not occur in Specimen 4. 

Aluminum seldom has been spot welded to other met- 
als. Ferguson could not spot weld Al to tin, cadmium, 
nickel or chromium-plated steel, but could produce good 
spot welds between Al and magnesium, zinc, iron, stain- 
less steel and tin-coated steel. Goldmann!!! spot 
welded iron to aluminum by interposition of a third 
metal (no details) which prevented the formation of 
extremely brittle iron-aluminum compounds. 


Sheet Thickness 


The thinnest sheet that has been welded is 0.002,'" 
0.004" or 0.008” in. thick. Single sheets up to */j¢ in. 
thick (0.188 in.) were welded in 1928" (2S and 51S-W), 
which seems to be the maximum thickness now.'*.!" 
Anstruther®? quoted 0.192 in. as the maximum single- 
sheet thickness for alloys and 0.128 in. for aluminum. A 
limiting single-sheet thickness of 0.12 in. ('/s in.) is 
quoted by several authorities.’ 1! 

Sheet thickness governs machine settings, Figs. 15 
and 16. Whereas for welds based on the principle of 
accumulation of energy time, total load and maximum 
current are very nearly proportional to thickness, for a.c. 
welders the relationship is less nearly linear. The ma- 
chine settings are empirical, and it is surprising that the 
relationships in Fig. 15 are so closely linear. 
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The energy input (from one tip to the other) in spot 
welding is J/*RT, where T = time, R = 3 contact resist- 
ances + specific resistivity X S,S = sheet thickness, and 
/ = current. The sheet to sheet contact resistance dis 
appears during welding and the resistivity changes with 
temperature. Contact resistance probably does not 
vary with area of contact, but too little is known about 
R to justify any assumptions. Since it is not permissible 
to insert maximum current for J in the energy formula 
nothing can be said about the energy input for accumula 
tion-of-energy welders. 

The output in spot welding is heat, which is divided 
among three factors: (a) specific heat, (b) latent heat, 
(c) loss to tips and air. Latent heat and loss to air 
doubtless are insignificant. The amount lost through 
specific heat (conduction by sheets) is proportional to 
sheet thickness, assuming that the average temperatur: 
at the welded surfaces is about the melting point for al! 
thicknesses. Loss to tips may vary as the area of tip 
sheet contact, that is, as S*. Loss of heat to tips and 
sheets also is proportional to time. Equating input to 
output, 22RT = (KS + K’'S*)T, where K and K’ are 
constants. Since J* is closely proportional to S, Fig. 17 
for a.c. welders, the resistance, R, also is proportional to 
sheet thickness. As a result no deductions about the 
variation of power with sheet thickness can be drawn 
from the plot of J?7' vs. S, Fig. 17. 

The total load on the tips is directly proportional to 
sheet thickness for welders based on accumulation of 
energy, Table 6. For a.c. welders the square of the total 
load is directly proportional to sheet thickness. Conse- 
quently, in both welders the pressure on the weld is high 
for thin sheet, low for thick, because spot diameter varies 
linearly with sheet thickness, Fig. 18. 

Effect on Diameter of Spot.—The size of the spot weld 
is best determined on a plane through the center of the 
weld perpendicular to the sheets. TMe vertical thickness 
and the diameter at the mid-section are the two chiei 
measurements, although shape of weld also is important. 
Of the machine settings, increase in current increases 
the size of the spot, increase in tip load decreases the 
size, and increase in time appears to have no effect,’ 
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Fig. 15—Machine Settings for a Spot Welder Based on the Principle o! 
Accumulation of Energy. Languepin** 
o—Tip load, Ib. 
@—Current, amp. 
x—Time, seconds. 
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Table 25—Spot Welding Dissimilar Alloys. Rohrig and Kapernick'"’ 


Approximate 
Temperature at Time Energy 
Which Melting in per Spot, 
Specimen Alloy Begins, ° C. Cycles KWS 
1 Pure Al 650 10 16.5 
Al-Cu-Mg 540 
2 Al-Mg-Si 590 15 25 
Al-Cu-Mg 540 
3 Al-6.5% Mg 550 15 25 
Al-Cu-Mg 540 
4 Pure Al 650 10 16.5 
Al-Mg-Si 590 
5 Pure Al 650 | 16.5 
Al-6.5% Mg 550 
6 Al-Mg-Si 5O0 12 20 
Al-6.5% Mg 550 
Alloy Cu Mg 
Al-Cu-Mg 3.5-5.5 0.2-2 
Al-Mg-Si 0.5-2 
Al6.5% Mg _....... 6.5 


beyond possibly permitting the slug to fuse properly.’ 
The size of the weld is said to be a function of the thick- 
ness of the oxide coating’ (no details) and to be smaller" 
in 3S-O than in 3S-'/2H or 3S-H. 

Sheet thickness is the governing factor for diameter of 
spot, Fig. 18. Ward* points out that the diameter of 
the weld, measured by means of a microscope, always is 
less than the diameter of the electrode. With conical 
and spherical electrodes the diameter of the tips bears 
no relation to the spot diameter within wide limits. 
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Total Shear 
ad on Strength 
Tips, Diameter of of Spot, 
Lb Spot, Inch Lb./In.? Fracture 
220) 0.108-0.114 14,000-14,700 Unbuttoned, hole in A 
220) 0.114-0.118 17,000-22,500 Shear through weld 
220) No weld No weld 
220) 0.095-0.110  15,000-17,400 Unbuttoned, hole in Al 
220 0.106-0.118 14,200-15,100 Unbuttoned, hole in Al 
220) 0.122-0.126 20,500-21,400 Shear through weld 


Si Mn 

99.59% Al, hard rolled 
2-1.5 0.1-1.5 Heat treated 
3-1.5 0-1.5 Heat treated 


There is too little information on the thickness of the slug 
perpendicular to the sheet and on indentation to draw 
any conclusions. 

Effect on Strength.—The static shear strength of spot 
welds is approximately proportional to thickness, Fig. 
11.'* '% 20% In view of the direct proportionality be- 
tween thickness and spot diameter, it might be supposed 
that shear strength should increase as the square of the 
thickness. Stress concentration and other unevaluated 
factors must account for the failtre of shear strength to 
increase with the square of thickness. Although Ward*! 
stated that welds in thin duralumin cool more rapidly 
and therefore have higher unit shear strength than welds 
in thicker sheet, there have been no reliable determina 
tions of unit stresses and their distribution in spot- 
welded aluminum alloys. 

Dissimilar Sheet Thickness.—In 1928 it was found* 
that sheets up to 0.064 in. thick can be welded to castings 
'/4in. thick. The limiting ratio of thick to thin sheet is 
said*®. '** to be 3:1. If the ratio is high, the thin sheet is 
overheated, and there is poor fusion. The machine 
setting” or total tip load® should be that corresponding 
with the thinner sheet. In spot welding Alclad 248-T 
Steward® used 10 cycles and total load corresponding 
with the thinner sheet; the current had to be determined 
by trial, Table 26. 


Table 26—Current Required for Spot Welding Dissimilar 
hicknesses of Alclad 24S-T. Steward'* 

Thickness of 

Sheet Welded 


Thickness of 
Sheet Welded 


Current for 


to Sheet to Sheet Two Equal 
0.016 In Current, 0.091 In Current, Thicknesses, 
Thick, In Amp Thick, In Amp In 
0.020 16,000 0.020 23,000 17,500 
0.040 18,000 0.040 26,000 23,000 
0.060 20,000 0.060 28,000 26,000 
0.080 21,000 0.080 29,000 29.000 
All welds were made at 10 cycles and with a total load appro- 


priate for the thinner sheet 


The slug formed in spot welding a sheet of duralumin 
0.016 in. thick to another 0.079 in. thick was centered 
between the tips in Schraivogel’s® experiments, instead 
of being offset toward the thinner sheet. The breaking 
load was 60% higher (no details) than with two thin 
sheets, because the welded area was larger. Schraivogel 
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Fig. 17—Plot of J* and /*T Versus Sheet Thickness 
| = Current, amp 
T = Time, cycles 
Values recommended by Hoglund!?)** 
o—!/?, spot welding Alclad 24S-T 
e—/?, seam welding 52S-'2/H 
+—/T, spot welding Alclad 245-T 


believed that the larger proportion of pressure-welded 
area (no details) in the joint between sheets of dissimilar 
thickness also accounted partly for its high strength. 
Manevich® found that spot welds in duralumin 0.032 
to 0.079 in. thick had the same breaking stress (31,000 
Ib./in.*) whether the sheets were of the same or dissimilar 
thickness. 

Stack Welds.—In 1928 it was found that three or more 
sheets of aluminum can be spot welded. More re- 
cently”* up to 5 sheets have been spot welded together. 
A French authority'’ advised against the use of a flat 
electrode for joints involving more than two sheets. 
Four sheets each 0.036 in. thick can be welded with the 
same machine setting as two." According to Hubert," 
a stack of thin sheets requires less energy than two sheets 
of the same total thickness. However, stack welds are 
likely to contain numerous cracks and _ blow-holes,'® 
because the middle sheet is overheated.” 


Macrostructure 


Macrostructural examination of spot welds in alumi- 
num and its alloys reveals the presence of a slug, inden- 
tation and sometimes cracking or porosity. Published 
macrographs vary widely in appearance, depending 
upon the alloy and the method of etching. Whatever the 
slug may signify, there is no difficulty in distinguishing 
itin macrographs. The line of separation between sheets 
disappears at the edge of the slug. 

The size of the slug is discussed in the section on Diame- 
ter of Spot. The slug should not extend to the outer 
surfaces of the sheets.'* No greater strength is secured 
if the slug extends to the surface than if it just fails to 
reach the surface, according to Osswald'® who stated 
that a thin weld is weak. Usually it is recommended** 
*. 55 that the slug occupy */; of the thickness of the 
sheets; Hunt,®*? however recommended !/, of the thick- 
ness. French authorities*:* admit that the best shape 
of slug has not been determined, although Anstruther” 
favors a square-shaped slug. 
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Microstructure 


The literature describes but one systematic invest; 
gation of the microstructure of spot welds in aluminum 
alloys. The investigation was made by Rohrig and Ka- 
pernick® who examined spot welds made with different 
machine settings (no details) in a heat-treated alloy 
about 0.03 in. thick containing 3.5-5.5 Cu, 0.2-2 Mg, 
0.2-1.5 Si, 0.1-1.5 Mn. With low current which barely 
produced a weld, the oxide film at the interface between 
sheets extended a short distance into the slug befor: 
being shattered into fragments that were pushed to the 
circumference of the weld. Since unmelted crystals of 
CuAl, containing Mn were observed in the center of the 
weld, it was concluded that the temperature during weld- 
ing did not exceed 544° C., which was said to be the 
melting point of the constituent. (CuAl, itself melts at 
590° C. and forms a eutectic with Al melting at 548° C. 
Since the crystals of CuAl, containing Mn remained un- 
changed in appearance in welds which contained liquid 
phase, the conclusion that the low-current weld did not 
reach 544° C. appears unwarranted.) 

At the higher currents required for good welds the frag- 
ments of the oxide film were found at the circumference 
of the slug, Fig. 19. The film may have been carried to 
the edge of the weld by liquid metal, which had exuded 
between the sheets. The exuded metal contained 15 
16% Cu (Cu-CuAlk eutectic contains 33% Cu), and its 
structure consisted of primary copper-rich phase em- 
bedded in a matrix that was said to possess a eutectic 
structure. 

To determine the maximum temperature probably 
attained during welding, duralumin cylinders of about th« 
same composition as the sheet were compressed at 620 
and 650° C. The structure of the cylinder compressed 
at 620° C. resembled that of the metal in the inner parts 
of the slug. Evidently in both slug and compressed 
sample unmeited grains had been surrounded by a thin 
film of liquid phase. Both slug and compressed sample 
recrystallized to large grains upon being reheated to 500 
C., the-structure corresponding to liquid metal being 
eradicated. The sample compressed at 650° C. had 
thick films of liquid phase in the grain boundaries, which 
prevented recrystallization to grains larger than the 
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Fig. 18—Variation of Spot Diameter with Sheet Thickness 


Burns’® (duralumin) tabulated 

o— Languepin** (7% Msg alloy) tabulated 

v— Hubert" (Alclad) tabulated, agrees with lower limit of Barrelon 
Barrelon’® (duralumin) tabulated 

O— Osswald!® (Alclad) measured from micrographs 

— Hoglund and Bernard’? (52S-' 2H) measured from micrographs 
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initial boundaries of the liquid phase upon reheating 
to 500° C. for an unspecified period. It was concluded 
that during welding the center portions of the spot weld 
had reached 620° C. but not 650° C. 

The liquid phase has its origin in the crystals of CuAl, 
containing silicon. A peritectic liquid was found around 
these crystals. The peritectic liquid abstracts copper 
from the surrounding solid solution as the temperature 
rises. Asa result the peritectic reaction passes over into 
a eutectic reaction, which proceeds until at the center 
of the slug about 75% of the structure consists of liquid; 
the remainder is unmelted solid solution. The crystals 
of CuAl containing Mn are unchanged but are pushed 
to the circumference of the spot. A less thorough study 
of the microstructure of spot welds in duralumin (no 
details) by Schraivogel® confirmed many of Rohrig and 
Kapernick’s observations. Exuded metal was found 
between the sheets, and partial melting had occurred at 
the boundaries of the slug for there was liquid phase in 
the grain boundaries and as rosettes within the grains. 
Furthermore, the center of the slug recrystallized during 
heat treatment. 

It might seem that the microstructure of spot welds in 
pure aluminum would be simpler than that of dur- 
alumin. Notwithstanding, little advance has been made. 
The spot welds in commercial aluminum 0.039 in. thick 
examined by Dietze” and Schraivogel*’ consisted of 
columnar crystals radiating from the center line of the 
slug, with porosity at the center. A layer of columnar 
crystals often forms the outer portions of the slug in 
aluminum alloys, although Barrelon’® stated that spot 
welds in some alloys never exhibit columnar structure. 

Fusion or Recrystallization——The columnar crystals 
were believed by Hobrock’® to arise from the recrystalli- 
zation of that portion of the sheets which is both criti- 
cally strained and heated to the recrystallization tem- 
perature. According to Hobrock’s assumption, the 
grains at the interface are critically strained and are 
heated to the recrystallization temperature. As the iso- 
therm corresponding to recrystallization spreads away 
from the interface toward the tips the initial recrystal- 
lized grains grow outward perpendicular to the isotherm. 
The limit of the columnar zone represents the boundary 
of metal that has reached the recrystallization tempera- 
ture, which depends as usual upon duration of heating 
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Fig. 19-—Schematic Diagram of the Microstructure of a Spot Weld in 
Duralumin 

@) Slug 

Exuded material rich in eutectic 

Eutectic at grain boundaries 

9) Kemains of the oxide film 

CuAls containing manganese 

CuAls containing silicon 

Limit of recrystallized grains 

Vendritic, needle-shaped crystals 

) Granuler structure in the middle of the slug. Rdhrig and Kapernick*® 


and degree of permanent deformation of the sheets. If 
the sheet is hard rolled before welding the deformation 
caused by tip pressure probably exerts little effect on 
recrystallization. In the absence of tip pressure the 
sheets would recrystallize. If the alloy is heat treated 
the deformation caused by the tips provides opportunity 
for recrystallization. No investigation has been made of 
the effect of hard rolling on the columnar structure, nor 
upon the recrystallization characteristics of sheets (not 
cylinders) subjected to tip pressure and subsequently 
annealed at different temperatures for short times. It is 
well known that columnar structure may arise from 
solidification of melt as well as from recrystallization. 
Coarse structure is not necessarily an indication of re 
crystallization but may result from overheating.’ 
Porosity often accompanies melting, but not recrystal 
lization. 

Opinion is divided whether fusion occurs in spot weld- 
ing aluminum and its alloys. Some authorities”. **® 
‘47,168 believe that a molten zone always is formed with 
out excluding the possibility of recrystallization occur- 
ring in the outer portions of the slug, or the possibility 
that spot welds may be made without fusion under 
exceptional circumstances. Nevertheless, these authori- 
ties do not state that welding by grain growth across the 
interface without fusion is of any importance. The 
micrographs presented by Rohrig and Kapernick, Fig. 
17, show that spot welding through fusion may occur. 
The exudation of metal between the sheets proves that 
liquid capable of exerting a welding action existed in all 
parts of the welded interface during welding. The liquid 
exerts its welding action by forcing crystallization to oc- 
cur across the interface, thus obliterating it. 

However, aluminum alloys are not difficult to pressure 
weld below the melting temperature. Pressure is re 
quired to break the oxide film and to keep the surfaces 
in intimate contact. Recrystallization may or may not 
be necessary. Some authorities’ believe that the 
center of the slug is welded by fusion, the circumferen- 
tial portions being welded without fusion by crystal 
growth across the interface (pressure welding). Schrai- 
vogel® held that the pressure weld was the better from 
the standpoint of strength; others’ that it had better 
corrosion resistance than the heterogenous cast structure 
of the fusion weld. On the contrary, Portier* condemned 
the pressure weld on account of its structure, which he 
believed was necessarily coarse. Osswald'’ held that 
welds made without program control were of the fusion 
type, but with program control there were other possi- 
bilities (no details). It was not clear whether recompres 
sion exerted a forging effect, which broke down the 
structure of the weld so that it resembled unwelded 
sheet," or whether recompression favored pressurt 
welding. A broad view of the matter is taken by Bollen 
rath and Bungardt’ who state that spot welding may «« 
cur wholly through liquid, wholly through pressure 
without liquid or partly through liquid and partly 
through pressure. 

Other Observations.—-By making spot welds in Alclad 
24S-T, 0.064 in. thick, with successively higher current, 
Steward® found that the slug grows parallel to the sur 
face as well as perpendicular. A similar conclusion was 
reached by Schraivogel,*° whose evidence was drawn from 
the “‘layer”’ structure, Fig. 20, which he observed in the 
etched cross section of a spot weld in commercial 
aluminum 0.039 in. thick. It was believed that the 
layers represented the successive stages of growth out 
ward of the columnar crystals, which pass unchanged 
through the layers. The growth occurred in steps corre 
sponding to the cycles of current. Zimmerman* ob 
served “‘layer’’ structure of a different type, which he 


1940 RESISTANCE WELDING ALUMINUM 273-s 


as 
Sy 
t 
¢ 
ay 
ae 
4 
4 
e 
i4 
? 
4 


attributed to the same cause. The weld was in Alclad 
and the layers were based on the circumference of the 
spot. Layer structure in spot welded 18-8 was attributed 
by Hess and Ringer to excessive energy. Layer struc- 
ture in spot-welded aluminum alloys is removed, if the 
weld is reheated in the welder, according to Dietze,'7 
who suggested no explanation of layer structure. 

The spot welding of Alclad has given rise to several 
unusual observations related to the high melting point 
of the cladding. Many investigators” »* found that the 
cladding extended unchanged a short distance into the 
slug. The welding*® of the cladding at the circumference 
protects the alloy from corrosion. In an unusual weld 
Holbrock” found some of the cladding unmelted in the 
center of the slug. Nearer the circumference the clad- 
ding had disappeared. Zimmerman’s* observation that 
the slug is bounded on all sides by aluminum has not 
been confirmed. 5° 7%, 19 Jn spot welding 5-14% Si 
alloy Dietze'* observed dendrites in the weld with a 
higher concentration of silicon crystals than in the sheet. 
The slug was bounded by blowholes and slag inclusions. 

Ordinarily there is no change in structure of the metal 
that has been in contact with the tips. In 1930 copper 
or copper-aluminum compound** !™ was found on the sur- 
face that had been in contact with the tip. The oxide 
film was believed to account for the pick-up. Even 
though the slug did not extend to the surface, it was im- 
possible in Steward’s® tests to prevent fusion of the sur- 
face of thick sheet (the rate of flow of cooling water and 
other details were not stated). If the surface of Al- 
7% Mg alloy is fused during welding," it picks up cop- 
per, which injures corrosion resistance. Borstel’ ob- 
served particles of aluminum oxide pressed below the 
surface under the tip impression in dirty sheet. 


Hleat Treatment 


When Portier® states that heat treatment of spot- 
welded aluminum alloys generally is not feasible, no one 
will disagree with him. However, his statement that 
heat treatment is ineffective is open to question, Table 
27. Like Schraivogel, Johnson’ also reported a 20% 
increase in strength due to heat treatment of spot welds 
in heat-treatable alloys. Woofter''® reported a 10% in- 


Table 271—Heat- Treated Spot Welds i in Duralumin. Schrai- 


Thickness of Each Shear Strength, Lb./Spot 


of Two Sheets, In. As-Welded Heat Treated 
0.016 220 250 
0.0389 660 730 
0.079 1000 1180 
0.118 1350 1750 


crease for duralumin, and, according to Larsen,” heat 
treatment raises the strength almost to that of un- 
welded sheet (no details). Heat treatment has been re- 
ported to have a beneficial effect on reversed bend fa- 
tigue value, Table 20. Heating spot welds in AI-0.8 
Mg-1.0 Si alloy to 500-570° C. in the welder after weld- 
ing eliminated layer structure in Dietze’s” tests and 
raised the double-shear strength after 8 days from 1320 
to 1470 lb./spot. Suitable regulation (no details) of the 
rate of cooling during the recompression period of pro- 
gram control is said'” to raise the strength up to 30%. 
In 1930 Downes” found that heat treatment increased 
the single-shear strength of spot welds in duralumin 
0.045 in. thick from 512-810 Ib. to SO05-1130 Ib. In 
thicker sheet (0.063 in.) heat treatment appeared to de- 
crease the strength. 

The structure of spot welds is favorable to rapid solu- 


Fig. 20—Layer Structure in a Spot Weld in 99% Al Sheet 0.04 In. Thick 
Schraivogel” 


tion of constituents during heat treatment, according to 
Johnson. There is no analogy between the poor re- 
sponse of cast alloys to heat treatment and the poor re- 
sponse of spot welds to heat treatment. The heat from 
adjacent spots may exert a heat-treating effect, according 
to von Schwarz and Goldmann.” Cooling spot welds in 
duralumin in an air draft or water may be beneficial 
to 


Aging 


Only three investigators report an increase in strength 
of spot-welded aluminum alloys during the passage of 
time after spot welding. Ward* observed no increase 
in duralumin and Schraivogel® an inappreciable increase. 
According to Steward,® the shear strength of spot-welded 
Alclad 24S-T immediately after welding is only 70% of the 
strength attained after aging is complete (6 days). 
Aging at room temperature reduced deviations between 
spot strengths from + 20% to = 10%. LoBue* reported 
a 25% increase in shear strength of spot-welded duralu- 
min after 4 days. It was claimed that the effects of 
aging were visible in the microstructure of the joint. 

In an extensive investigation of the double-shear 
strength of spot-welded aluminum alloys, Table 27, 
using the specimen in Fig. 10, Dietze'’ found 10 to 25% 
increase in strength after aging of spot welds in heat- 
treatable alloys. With one exception (Al-2.5% Mg and 
Al-5% Mg) alloys not susceptible to heat treatment 
showed no change in strength during aging. There often 
was a slight drop in strength after the first day and in- 
crease in strength due to aging was complete by the 
seventh day. The sheets were cleaned with emery cloth 
before welding, were stored in a dry room at 20° C. for 
periods of 1 to 40 days after welding and were tested at 
a head speed of 0.38 in./min. There was a very con- 
siderable scatter in results, which must be kept in mind 
in drawing conclusions. The increase in strength of the 
Al-2.5-5 Mg alloys is surprising, for these allo:’s are not 
susceptible to heat treatment. Dietze was of the opinion 
that the cooling of the welds in the heat-treatable alloys 
was sufficiently rapid to provide opportunity for aging. 
The failure of the thin sheets, 0.024 in. thick, to exhibit 
aging effects could not be explained. 


Porosity 


It is not uncommon in spot-welded aluminum and its 
alloys to observe porosity, which is confined principally 
to the center of the slug. Being remote from the circum 
ference of the weld, which is the region of highest stress 
concentration under load, porosity has little effect on 
static shear strength.™**8 Contrary to Burns,” 
Johnson’* believed that porosity lowered fatigue 
Apparently, all alloys have an equal tendency toward 
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porosity. Al-Mg alloys were particularly susceptible 
to porosity, according to Haase and Plass,'® but were 
the least porous of all alloys in Dietze’s" tests. 

In general, porosity may be due to solidification 
shrinkage or gas or both. Dietze believed that the 
majority of porosity is caused by solidification shrinkage. 
With others he stated that porosity is unavoidable in 
high-strength welds. Also in agreement with others,'®*° 
he found that porosity was more pronounced in stack 
welds than in single-lap welds. The overheating of the 
middle sheet or sheets is given as the reason for the 
difference. Porosity due to shrinkage should not be 
affected by the degree of superheating of the liquid, 
whereas porosity due to gas may be increased greatly 
thereby. Osswald’® stated that solidification shrinkage 
cavities cannot be avoided in thick sheet (0.078 in.), if 
high strength is desired. The signs by which shrinkage 
cavities were distinguished from blow-holes were not ex- 


plained. 
Overheated welds are noted for porosity. By ‘‘over- 
heated” the different investigators sometimes signify 


excessive current,”* sometimes excessive current and 
time.'* The porosity in overheated welds is due to gas, 
according to Osswald,’ in contrast with Dietze.'” 
Nevertheless, insufficient time was a cause of porosity in 
Steward’s® tests. In general, gas porosity may arise from 
mechanically entrapped gas or gas dissolved at tempera- 
tures above the melting point (about 70% He, 30% CO 
for aluminum melted in a fuel-fired furnace). Study of 
aluminum alloy castings has shown that only a relatively 
small proportion of the gas in the metal is responsible 
for blow-holes. 

It is a rule that porosity may be overcome by feeding, 
by freezing along rapidly moving isotherms and by pres- 
sure. Whether the first two factors exert any influence 
in spot welding is questionable. Pressure, however, is 
important. Some authorities®'***** state that too low 
tip load causes porosity. Hoglund and Bernard!’ and 
others” found that porosity becomes more pronounced 
as sheet thickness is increased, perhaps because the unit 
tip pressure is lower for thick than for thin sheets. Re- 
compression in welding duralumin with program control 
eliminates porosity.” 

Splashing and Spitting 

The exudation of molten metal between the tips and 
sheet or between the sheets is called splashing or spitting. 
The metal exuded between sheets of duralumin may con- 
tain 15-16% Cu, and may exude uniformly around the 


Table 28—Effect of Aging at 20° C. on Double Shear Strength (Fig. 10) of Spot Welded Aluminum Alloys. 


Alloy Composition (German Standard 
Trade Name Cu Mg Si Mn 
Duralumint 3.5-5.5 0). 2-2 0.2-1.5 0.1-1.5 
Bondur 3.5-5.5 0.2-2 0.2-1.5 0.1-1.5 
Aludur 570 0.8 1.0 
Lautalt 4.5-6 0.2-0.5 0.40.6 
Pantal 0.5-2 0.3-1.5 O-1.5 
Hy 25 25 0-1.5 
Hy 5 5 : 0-1.5 
Hy 7 7 0-1.5 
Hy 9 9 0-1.5 
K.S. Seewasser 2-2.5 1-2 

Silumin 12-13.5 
99.5% Al 


> 
The breaking loads have been picked from charts upon which two or more points have been plotted for each aging period 


possible, averages have been computed 


circumference.6 The metal exuded between tip and 
sheet is of unknown characteristics. The metal exuded 
between the sheets lowers the corrosion resistance,** 
especially in Al-7% Mg alloy.’ Exudation occurs at 
high current at which liquid is formed in the weld.* 
When the weld is made too close to the edge of the sheet 
exudation (spitting) also occurs.'* In 1928 and more 
recently.’ spitting has been an indication of inadequate 
tip load. Steward® found that an increase in tip load 
increased the range between the current which merely 
stuck the pieces together and the current at which spit 
ting occurred. In welders based on the principle of ac- 
cumulation of energy,” too sudden rise in current causes 
spitting. 


Cracks 


If cracks are present they are approximately perpen 
dicular to the surface of the sheet. The cracks follow a 
jagged course and may be intergranular. Sometimes the 
cracks extend to the surface. Radiographs" show that 
cracks tend to be radial and do not reach the circumfer 
ence of the weld. It may be taken for granted that cracks 
are undesirable from the standpoint of static” strength. 
The stress causing the cracks may arise through shrinkage 
during cooling or may be produced by tip pressure bend 
ing the sheet inward” during welding. If, as Hobrock'® 
maintains, no liquid appears during welding, it is difficult 
to imagine that tip pressure will crack the soft metal in 
the weld. 

Overheating is the usual cause assigned to cracks 
For example, cracks extend to the surface in overheated 
welds” in Alclad 0.079 in. thick. The term overheating 
is indefinite, however, and, whereas excessive current, 
which increases the size of the slug, favors®'”* cracks, 
excessive time, which has no effect on size of slug, may 
prevent cracking®** in heat-treated alloys. For ex 
ample, with duralumin, Dietze'’ showed by means of 
radiographs that extending the time beyond '/» second 
prevented cracking, which was observed at shorter times 
(no details). 

Inadequate tip load favors cracks by permitting the 
formation of a large slug.'7*'® A weld free from cracks 
was made in 52S-'/2H, 0.051 in. thick at 10 cycles by 
Hoglund and Bernard" using a copper-base alloy tip, 
5/, in. diam., 7° cone, 23,500 amp., and using a tip load 
of 700 Ib. A similar weld made at 500 1b. contained cracks 
extending to the surface. The large slug formed in stack 
welding may account for the prevalence of cracks in 
them.'® Whereas recompression in program control may 


Dietze"’ 


Sheet Hard- Breaking Load,* Lb 


ness Before Immediately After 7 
Welding, After to 40 Condition Befor 
Rockwell B Welding Days Welding 
9) 990) 1210 Heat treated 
970 Heat treated 
91 880—LO6O 1140-1170 Heat treated 
R6 620 75D Heat treated 
440 Heat treated 
51 770 RRL) Half hard 
69 1040 1080 Annealed 
78 1210 1230 Annealed 
79 1210 1230 Annealed 
83 730 790 Hard 
5D 470 490) Hard 
240 240 Annealed 


Wherever 


With some alloys, notably Alclad and Allautal, the scatter was so serious and irregular, for in 


Stance, from 450 to 1100 Ib. for similar specimens, that no values have been listed. 
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t Spot welds in sheet 0.024 in. thick underwent no increase in strength during 40 days at 20° C 
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attributed to the same cause. The weld was in Alclad 
and the layers were based on the circumference of the 
spot. Layer structure in spot welded 18-8 was attributed 
by Hess and Ringer to excessive energy. Layer struc- 
ture in spot-welded aluminum alloys is removed, if the 
weld is reheated in the welder, according to Dietze,'7 
who suggested no explanation of layer structure. 

The spot welding of Alclad has given rise to several 
unusual observations related to the high melting point 
of the cladding. Many investigators”: * found that the 
cladding extended unchanged a short distance into the 
slug. The welding*® of the cladding at the circumference 
protects the alloy from corrosion. In an unusual weld 
Holbrock” found some of the cladding unmelted in the 
center of the slug. Nearer the circumference the clad- 
ding had disappeared. Zimmerman’s* observation that 
the slug is bounded on all sides by aluminum has not 
been confirmed. ' Jn spot welding 5-14% Si 
alloy Dietze'’ observed dendrites in the weld with a 
higher concentration of silicon crystals than in the sheet. 
The slug was bounded by blowholes and slag inclusions. 

Ordinarily there is no change in structure of the metal 
that has been in contact with the tips. In 1930 copper 
or copper-aluminum compound** !'* was found on the sur- 
face that had been in contact with the tip. The oxide 
film was believed to account for the pick-up. Even 
though the slug did not extend to the surface, it was im- 
possible in Steward’s® tests to prevent fusion of the sur- 
face of thick sheet (the rate of flow of cooling water and 
other details were not stated). If the surface of Al- 
7% Mg alloy is fused during welding," it picks up cop- 
per, which injures corrosion resistance. Borstel’ ob- 
served particles of aluminum oxide pressed below the 
surface under the tip impression in dirty sheet. 


Hleat Treatment 


When Portier® states that heat treatment of spot- 
welded aluminum alloys generally is not feasible, no one 
will disagree with him. However, his statement that 
heat treatment is ineffective is open to question, Table 
27. Like Schraivogel, Johnson” also reported a 20% 
increase in strength due to heat treatment of spot welds 
in heat-treatable alloys. Woofter'!® reported a 10% in- 


Table 27—Heat-Treated Spot — in Duralumin. Schrai- 
vogel*” 


Thickness of Each 
of Two Sheets, In. 


Shear Strength, Lb./Spot 
As-Welded Heat Treated 


0.016 220 250 
0.0389 660 730 
0.079 1000 1180 
0.118 1350 1750 


crease for duralumin, and, according to Larsen,” heat 
treatment raises the strength almost to that of un- 
welded sheet (no details). Heat treatment has been re- 
ported to have a beneficial effect on reversed bend fa- 
tigue value, Table 20. Heating spot welds in AI-0.8 
Mg-1.0 Si alloy to 500-570° C. in the welder after weld- 
ing eliminated layer structure in Dietze’s” tests and 
raised the double-shear strength after 8S days from 1320 
to 1470 lb./spot. Suitable regulation (no details) of the 
rate of cooling during the recompression period of pro- 
gram control is said'” to raise the strength up to 30%. 
In 1930 Downes” found that heat treatment increased 
the single-shear strength of spot welds in duralumin 
0.045 in. thick from 512-810 Ib. to 805-1130 Ib. In 
thicker sheet (0.063 in.) heat treatment appeared to de- 
crease the strength. 

The structure of spot welds is favorable to rapid solu- 


Fig. 20—Layer Structure in a Spot Weld in 99% Al Sheet 0.04 In. Thick 
Schraivogel” 


tion of constituents during heat treatment, according to 
Johnson. There is no analogy between the poor re- 
sponse of cast alloys to heat treatment and the poor re- 
sponse of spot welds to heat treatment. The heat from 
adjacent spots may exert a heat-treating effect, according 
to von Schwarz and Goldmann.” Cooling spot welds in 
duralumin in an air draft or water may be beneficial 
to strength.**,' 


Aging 


Only three investigators report an increase in strength 
of spot-welded aluminum alloys during the passage of 
time after spot welding. Ward* observed no increase 
in duralumin and Schraivogel® an inappreciable increase. 
According to Steward,® the shear strength of spot-welded 
Alclad 24S-T immediately after welding is only 70% of the 
strength attained after aging is complete (6 days) 
Aging at room temperature reduced deviations between 
spot strengths from + 20% to + 10%. LoBue* reported 
a 25% increase in shear strength of spot-welded duralu- 
min after 4 days. It was claimed that the effects of 
aging were visible in the microstructure of the joint. 

In an extensive investigation of the double-shear 
strength of spot-welded aluminum alloys, Table 27, 
using the specimen in Fig. 10, Dietze'’ found 10 to 25% 
increase in strength after aging of spot welds in heat- 
treatable alloys. With one exception (Al-2.5% Mg and 
Al-5% Mg) alloys not susceptible to heat treatment 
showed no change in strength during aging. There often 
was a slight drop in strength after the first day and in- 
crease in strength due to aging was complete by the 
seventh day. The sheets were cleaned with emery cloth 
before welding, were stored in a dry room at 20° C. for 
periods of 1 to 40 days after welding and were tested at 
a head speed of 0.38 in./min. There was a very con- 
siderable scatter in results, which must be kept in mind 
in drawing conclusions. The increase in strength of the 
Al-2.5—5 Mg alloys is surprising, for these alloys are not 
susceptible to heat treatment. Dietze was of the opinion 
that the cooling of the welds in the heat-treatable alloys 
was sufficiently rapid to provide opportunity for aging. 
The failure of the thin sheets, 0.024 in. thick, to exhibit 
aging effects could not be explained. 


Porosity 


It is not uncommon in spot-welded aluminum and its 
alloys to observe porosity, which is confined principally 
to the center of the slug. Being remote from the circum 
ference of the weld, which is the region of highest stress 
concentration under load, porosity has little effect on 
static shear strength.’ Contrary to Burns,” 
Johnson"* believed that porosity lowered fatigue value 
Apparently, all alloys have an equal tendency toward 
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porosity. Al-Mg alloys were particularly susceptible 
to porosity, according to Haase and Plass,'* but were 
the least porous of all alloys in Dietze’s" tests. 

In general, porosity may be due to solidification 
shrinkage or gas or both. Dietze believed that the 
majority of porosity is caused by solidification shrinkage. 
With others he stated that porosity is unavoidable in 
high-strength welds. Also in agreement with others,'®.*° 
he found that porosity was more pronounced in stack 
welds than in single-lap welds. The overheating of the 
middle sheet or sheets is given as the reason for the 
difference. Porosity due to shrinkage should not be 
affected by the degree of superheating of the liquid, 
whereas porosity due to gas may be increased greatly 
thereby. Osswald” stated that solidification shrinkage 
cavities cannot be avoided in thick sheet (0.078 in.), if 
high strength is desired. The signs by which shrinkage 
cavities were distinguished from blow-holes were not ex- 
plained. 

Overheated welds are noted for porosity. By ‘‘over- 
heated’”’ the different investigators sometimes signify 
excessive current,”* sometimes excessive current and 
time."* The porosity in overheated welds is due to gas, 
according to Osswald,’® in contrast with Dietze.'’ 
Nevertheless, insufficient time was a cause of porosity in 
Steward’s® tests. In general, gas porosity may arise from 
mechanically entrapped gas or gas dissolved at tempera- 
tures above the melting point (about 70% He, 30% CO 
for aluminum melted in a fuel-fired furnace). Study of 
aluminum alloy castings has shown that only a relatively 
small proportion of the gas in the metal is responsible 
for blow-holes. 

It is a rule that porosity may be overcome by feeding, 
by freezing along rapidly moving isotherms and by pres- 
sure. Whether the first two factors exert any influence 
in spot welding is questionable. Pressure, however, is 
important. Some authorities®'***** state that too low 
tip load causes porosity. Hoglund and Bernard’? and 
others” found that porosity becomes more pronounced 
as sheet thickness is increased, perhaps because the unit 
tip pressure is lower for thick than for thin sheets. Re- 
compression in welding duralumin with program control 
eliminates porosity.” 

Splashing and Spitting 

The exudation of molten metal between the tips and 
sheet or between the sheets is called splashing or spitting. 
The metal exuded between sheets of duralumin may con- 
tain 15-16% Cu, and may exude uniformly around the 


Table 28—Effect of Aging at 20° C. on Double Shear Strength (Fig. 10) of Spot Welded Aluminum Alloys. 


Alloy Composition (German Standard 
Trade Name Cu Mg Si Mn 
Duralumint 3.5-5.5 0. 2-2 0.2-1.5 0.1-1.5 
Bondur 3.5-5.5 0. 2-2 0.2-1.5 0.1-1.5 
Aludur 570 0.8 1.0 
Lautalt 4.56 0.24.5 0.40.6 
Panta 0.5-2 0.3-1.5 0-1.5 
Hy 25 9.5 0-1.5 
Hy 5 5 5 
Hy 7 7 0-1.5 
Hy 9 9 0-1.5 
K.S. Seewasser 2-2.5 1-2 

Silumin 12-13.5 
99.5% Al 


* The breaking loads have been picked from charts upon which two or more points have been plotted for each aging period 


Possible, averages have been computed 


circumference... The metal exuded between tip and 
sheet is of unknown characteristics. The metal exuded 
between the sheets lowers the corrosion resistance,** 
especially in Al-7% Mg alloy." Exudation occurs at 
high current at which liquid is formed in the weld.* 
When the weld is made too close to the edge of the sheet 
exudation (spitting) also occurs.'* In 1928S and more 
recently*-** spitting has been an indication of inadequate 
tip load. Steward® found that an increase in tip load 
increased the range between the current which merely 
stuck the pieces together and the current at which spit 
ting occurred. In welders based on the principle of ac- 
cumulation of energy,” too sudden rise in current causes 
spitting. 


Cracks 


If cracks are present they are approximately perpen 
dicular to the surface of the sheet. The cracks follow a 
jagged course and may be intergranular. Sometimes the 
cracks extend to the surface. Radiographs” show that 
cracks tend to be radial and do not reach the circumfer 
ence of the weld. It may be taken for granted that cracks 
are undesirable from the standpoint of static’ strength. 
The stress causing the cracks may arise through shrinkage 
during cooling or may be produced by tip pressure bend 
ing the sheet inward” during welding. If, as Hobrock"® 
maintains, no liquid appears during welding, it is difficult 
to imagine that tip pressure will crack the soft metal in 
the weld. 

Overheating is the usual cause assigned to cracks 
For example, cracks extend to the surface in overheated 
welds” in Alclad 0.079 in. thick. The term overheating 
is indefinite, however, and, whereas excessive current, 
which increases the size of the slug, favors®"” cracks, 
excessive time, which has no effect on size of slug, may 
prevent cracking®** in heat-treated alloys. For ex 
ample, with duralumin, Dietze'’ showed by means of 
radiographs that extending the time beyond '/» second 
prevented cracking, which was observed at shorter times 
(no details). 

Inadequate tip load favors cracks by permitting the 
formation of a large slug.'"7*'® A weld free from cracks 
was made in 52S-'/sH, 0.051 in. thick at 10 cycles by 
Hoglund and Bernard™’ using a copper-base alloy tip, 
5/, in. diam., 7° cone, 23,500 amp., and using a tip load 
of 700 Ib. A similar weld made at 500 Ib. contained cracks 
extending to the surface. The large slug formed in stack 
welding may account for the prevalence of cracks in 
them.'"* Whereas recompression in program control may 


Dietze' 


Sheet Hard- Breaking Load,* Lb 


ness Before Immediately After 7 
Welding, After to 40 Condition Befor 
Rockwell B Welding Days Welding 
9] 990 1210 Heat treated 
S80 970 Heat treated 
91 SS0—LO60O 1140-1170 Heat treated 
R6 620 Heat treated 
66 440) 5d0 Heat treated 
51 770 SS) Half hard 
69 1040 1080 Annealed 
78 1210 1230 Annealed 
79 1210 1230 Annealed 
83 730 790 Hard 
$70) 4190) Hard 
240 240 Annealed 


Wherever 


With some alloys, notably Alclad and Allautal, the scatter was so serious and irregular, for in 


Stance, from 450 to 1100 Ib. for similar specimens, that no values have been listed 
T Spot welds in sheet 0.024 in. thick underwent no increase in strength during 40 days at 20° C 
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heal cracks,” heat treatment alone’ does not. After 
welding 24S-T in '/2 cycle, Van Thijn® increased the tip 
load 100% and maintained it for 10-20 cycles to offset 
expansion and to retard the cooling. The retardation of 
cooling was not demonstrated experimentally. Reduc- 
tion of inertia and friction of electrodes has been said'™ 
to reduce cracking. 

Surface preparation may affect cracking. Failure to 
remove the oxide film from heat-treated alloys may 
~ause cracks,’ and tip shape’ may be important, too (no 
details). 

Cracks have not been observed in spot welds in com- 
mercially pure aluminum, nor are the alloys not suscep- 
tible to heat treatment sensitive to cracks. Al-2.5-9% 
Mg alloys are particularly free from cracks,**' perhaps 
because no ‘“‘eutectic’’ is formed.” 
and Alclad*' are prone to cracking. 


Quality Tests 

How can a good spot weld be distinguished from a bad 
one? Externally, the spot must have a bright appear- 
ance; a dull appearance with brownish specks is indica- 
tive of tip contamination, which is associated with poor 
corrosion resistance. X-ray examination, while not 
feasible for routine examination,” is a good test!?*)!'8 
for revealing cracks and porosity. It is common practice 
to pry or pull the sheets apart (pliers test) to determine 
the diameter of the spot'® or to test for unbuttoning.'*”° 
For duralumin the unbuttoning test is satisfactory for 
sheet 0.02—0.04 in. thick, but for sheet 0.08 in. thick 
failure occurs either by shear or by unbuttoning (pulling 
out of spot around either its circumference or its contact 
with unaffected sheet), depending on size of spot and 
width of specimen.*° Osswald'® warned against using the 
unbuttoning test as an indication of strength, which de- 
pends on the dimensions of the specimens. If the dis- 
tance from spot to edge of sheet is small, the sheet may 
fail. Type of alloy may also affect unbuttoning. All 
good welds in soft alloys up to 0.09 in. thick failed by 
unbuttoning in Steward’s® tests; hard alloys over 0.05 
in. thick failed by shear. Doussin*' observed shear frac- 
tures in thin sheet, unbuttoning in thick. Johnson’s® 
test, which consists of examining the fracture for cracks 
and porosity with a magnifying glass (5-10 X), is appli- 
cable only to welds that have failed by shear, and in 
shear fractures the cracks are likely to be obscured. 


A pplications 

Among the first applications of spot-welded aluminum 
were unstressed aircraft parts. Applications in general 
have been increasing,'’ particularly in aircraft, where 
the rule limiting spot welding to unstressed parts,” such 
as airplane cowling'*** has been displaced in some 
quarters. Hibert'® states that spot-welded aircraft 
cowling has been in service over three years without 
failure. Numerous aircraft applications have been de- 
scribed,” including wings and seats,'* rudders,®’ ribs®* 
(aluminum) and duralumin spars and wings.” The 
management of welding operations in spot and seam 
welding aircraft fuselages of Al-9% Mg alloy is discussed 
by Reichel.*! Other applications are bridge flooring," 
railway car side panels, '*'®* bus tanks, * cooking utensils, * 
aluminum heating radiators,®? aluminum reflectors and 
electroplating racks,'* garden chairs (5% Mg or 1% 
Mg-1% Si alloy)!” and French auto bodies.'*!  Spot- 
welded 52S aircraft fuel tanks have been used for the 
past three years." 


PAIRED-ELECTRODE SPOT WELDING 


Aluminum and its alloys have been spot welded by 
means of a pair of electrodes on one side of the joint.** 


276-s 


WELDING RESEARCH SUPPLEMENT 


SEAM WELDING 


Process 


Seam welding of aluminum and its alloys is based on 
the same principles as the seam welding of other metals 
The surface of the sheets must be prepared in the same 
way as for spot welding;'** in fact, surface preparation 
may be even more important for seam welding than for 
spot welding.” The insertion of aluminum foil*’*? by 
tween aluminum alloy parts to be seam welded has 
never become common practice. Foil as thin as 0.004 in 
has been seam welded. The upper limit'’* seams to be 
'/gin. The upper limit in 1929 appears!* to have been 
0.039 in. The upper limit, according to Anstruther,’ 
is 0.064 in. for pure aluminum and 0.104 in. for alloys 

Rollers are water cooled and are made of heat-treated 
copper alloy having over 75% conductivity."" The pe 
riphery may be shaped toa7” cone.** One roller may bx 
flat or rounded, the other being a 7° cone.'*? An average 
roller is 4 to 5 in. diameter but its diameter depends on 
the application, according to Hubert,'’® who used welders 
based on the principle of accumulation of energy. The 
rotation of the rollers keeps them cooler and hence 
cleaner than spot-welding tips. When cleaning becomes 
necessary, emery cloth may be wiped over the surface 
The usual seam-welding speed is 1 to 6 ft./min.,'°* 
although 10 ft./min. has been attained® on sheet 0.10 in. 
thick (no details). 

Machine settings, Table 28, differ from spot welding 
in that 25 to 50% higher current and 25% higher total 
load are used for the same thickness. The duration of 
flow of current is only a fraction of that for spot welding. 
Higher current is necessary for seam welding to overcome 
shunt effect, according to some authorities;**°*""' in 
addition, high currents may be required on account of 
the short duration of flow of cwrrent. Anstruther,” 
Hunt® and an aluminum firm'*®' use the same total load 
for seam welding as for spot welding. In Hoglund’s'! 
recommendations the square of the total load is propor 
tional to the thickness, as in spot welding. The square of 
the current is proportional to thickness up to 0.051 in. 
beyond which the square of the current increases less 
rapidly. The smaller load on the rollers for annealed 
than for cold-rolled sheet may be related®* to indentation 
requirements. Power should be on not over 30% of 
the time,”! less than 30% of the time,'! or not over 25% 
of the time.**'*? Electronic controllers are required.’ 
785 Siemers” quotes 0.45 as the power factor of a seam 
welder. The individual spots in seam welds ordinarily 
overlap''7*.!22,124 for liquid tightness, but the welds may 
be separated* '/. in. or more.** As in spot welding the 
thickness'** of the slug is '/2 to */; the combined thickness 
of the two sheets to be welded. 


Strength 


Single-shear seam welds fail in the sheet close to the 
welds.’ The following strengths have been reported 
for overlapping seam welds in sheet 0.039 in. thick: 


Aluminum and medium-strength alloys = 50 to 60% 
of the tensile strength of hard-rolled sheet.*.*”* 

Heat-treated alloys = 60 to 75% of the tensile strength 
of heat-treated 

Pure aluminum!* = 14,000—16,000 Ib./in.* 

Al-7% Mg'® = 36,000—38,000 Ib. /in.? 

Duralumin'® = 36,000—43,000 Ib. /in.* 


In seam-welding duralumin (3.5-5.5 Cu, 0.2-2 Mg, 
0.2-1.5 Si, 0.1-1.5 Mn) 0.039 in. thick, Rietsch’? found 
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Alloy 
52S-'/2 
525 
25-1 
528-"/s 
52S 

52S-1/s 
52S 

| 
‘ AL-5% 
Al-5% 
As 

thick 


Table 29—Machine Settings for Seam Welding 


Thickness of 
Each of Two 


Total Load 


on Rollers, Time, Cycles 


Alloy Sheets, In. Lb. On Off 
52S-1/.H 0.025 600 1 
52S-1/,H 0.032 680 1 
0.040 500 1 sto 
0.040 760 1 6! 
59S-1/,H 0.051 855 1'/, 6 
0.064 700 2 6to8 
52S-'/sH 0.064 960 1'/, 6 
0.064 2 7 
52S-'/2H 0.072 1015 11/, 6 
525 0.072 1015 2 
52S-'/,H 0.081 1080 2 11'/, 
52S 0.081 1080 3 
59S.1/.H 0.102 1210 2 11'/; 
0.102 1210 4 91 
Duralumin 0.125 900 7 60 


Spots Current, 
per Inch Amp. References 
18.0 26,000 Hoglund,'! 1938 
16.0 29,000 Hoglund,'! 1938 
15 Aluminum Company of Canada,'*! 1939 
14.3 32,000 Hoglund,'! 1938 
12.6 36,000 Hoglund,"' 1938 
10 to 11 Aluminum Company of Canada,"*! 1939 
11.3 37,500 Hoglund,'' 1938 
10-12 Bohn,'*? 1935 
10.6 39,000 Hoglund,'' 1938 
10.6 39,000 Mallory,” 1937 
10.0 40,000 Hoglund,"' 1938 
10.0 40,000 Mallory,?* 1937 
9.0 42,500 Hoglund,'! 1938 
9.0 42,500 Mallory,”* 1937 
40,000 Hunt,®* 1939 


Note: Hoglund recommends 10% less roller load for 52S-'/,H and 25% less roller load for 52S-O and 3S-'/:H. 


that a maximum strength of 45,000 Ib./in.? was attained 
at a roller speed of 2°/s ft./min. Higher (up to 5 ft. 
min.) or lower speeds (1%/, ft./min.) yielded lower 
strengths. 

Aging at 20° C. for 1 to 40 days doubled’the strength 
of seam welds in duralumin, according to Dietze," but 
had less effect on Al-5% Mg alloy, Table 29. The welds 
were made at a speed of 2.3 ft./min., with 0.59-in. over- 
lap, in sheets whose surfaces were cleaned with emery 
before welding. Fracture always occurred in the heat- 
affected zone where prying action was most severe; 
shear failures never were obtained. Had wider rolls 
been used on the sheets 0.047 in. thick, higher breaking 
loads would have been obtained, it was believed, despite 
the fact that failure occurred outside the welds. A few 
tanks™* of Al alloy (Air Corps Specification QQ-A-53) 
().020-0.090 in. thick, which were spot and seam welded 
overlapping spots), were leak tight at 5 Ib./in.* and 
failed at 18-84 Ib./in.? depending on the tank, some of 
the fractures passing through the resistance-welded 
seams (no details). 


Table 30—Effect of Aging at 20° C. on Single Shear Strength 
of Seam Welded Aluminum Alloys. Dietze” 


Breaking Load Strength 


for Specimen Tensile As-Welded 
Thickness 0.79 In. Wide Strength in 
of Each Imme- of Per Cent 
of Two diately After Unwelded of 
Sheets, After lto4 Sheets, Unwelded 
Alloy In Welding Days Lb./In.? Sheet 
Duralumin 0.028 330 620 55,500 50% 
Al5% Mg 530 640 74% 
Al-5% Mg 0.047 790 850 38,500 60% 


A specimen of Al-5%% Mg alloy 0.79 in. wide, 0.047 in. 
thick containing a central spot weld in addition to seam 
welding failed at 1120 lb. The seam weld provided 
tightness and freed the spot weld from prying effects. 
Fracture” occurred at the edge of the spot. 


Structure 


The structure of seam welds depends upon the extent 
to which the temperature of an individual spot is 
raised by the next spot. The portion of the first spot 
that is closest!*® to the second spot is affected to the 
greatest extent. The individual spot made by a seam 
welder should differ from the spot made by a spot welder 
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only in so far as the machine settings differ and in so far 
as the region to be welded is preheated by the preceding 
spot. According to Bollenrath and Bungardt,’ seam 
welds in heat-treated alloys have lower strength than 
would be expected on the basis of single spots, for the 
reason that heat input is larger (no details) and softening 
is more widespread in the seam welds. The effect of 
stress distribution was not considered. The fact that 
strength reaches a maximum at a critical roller speed® 
was said to illustrate the heat-treating effect in seam 
welding, to which is due the fine-grained structure of 
seam welds” compared with spot welds. 

Basing his conclusions on micrographs of seam welds 
in duralumin 0.035 in. thick (no details), Haase* stated 
that, if the heat from a spot heat treats the preceding 
spot, the shear strength is 43,000 to 46,000 Ib./in.*, 
based on sheet cross section. Absence of columnar crys- 
tals indicates the best machine setting. If best condi- 
tions do not prevail the slugs have columnar crystals 
and the strength is only 23,000 to 28,000 Ib./in.? Iden- 
tical results with duralumin 0.039 in. thick were secured 
by Barrelon.”* Entirely different results were obtained 
with Al-7% Mg alloy, 0.039 in. thick (unwelded tensile 
strength = 50,000—57,000 Ib./in.*) in which microstruc 
ture had no effect on strength. Seam welds (overlap- 
ping spots) without visible individual spots (complete 
annealing by subsequent spots) had a strength of 38,800 
Ib./in.*, but with the individual spots distinctly visible 
in the microstructure the strength was 35,800 Ib./in.* 
Rietsch”? showed that heat treatment of a seam weld in 
duralumin obliterated the individual spots, which were 
caused by too high roller speed. Welding at a lower 
speed, corresponding to maximum strength, also ob- 
literated the individual spots, but the microstructure was 
different from that of the heat-treated weld, which con- 
tained a few columnar grains. 

The microstructure of seam welds awaits systematic 
investigation, which might explain some of the peculiari- 
ties observed by Dietze,” and also might explain the 
jagged streaks of copper-rich constituent resembling a 
crack which Haase and Plass"’* observed in a seam weld 
in Al-4.5-6°% Cu alloy. In Mutchler and Galvin's'” 
tidewater and weather exposure tests at Hampton 
Roads, Va. (see paragraph on Dissimilar Alloys in the 
section on Corrosion of Spot Welds), the seam welds in 
sheets 0.040 in. thick of 52S-'/2H, 53S-T, and Alclad 
24S-T, and in extruded 53S-T plate '/; in. thick were 
somewhat less corrosion resistant than the corresponding 
spot welds. The worst attack, although not severe after 
a year in tidewater, occurred on 53S-T sheet specimens. 
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Corrosion was more serious in weather exposure than in 
tidewater. No explanation was offered for the accen- 
tuated attack of the seams compared with adjacent base 
metal. Goldowsky'®® found that corrosion of seam welds 
always begins at the start of the weld. 


Applications 


There have been few recorded applications of seam 
welding. Aluminum aircraft spars and Al-9% Mg alloy 
fuselages*! have been seam welded. Woofter'*® de- 
scribes a seam welder for coffee pot spouts, while a 600 
kva. seam welder has been built'®' for welding together 
the ends of successive 24S-T or 52S-T strips 0.008—0.08 
in. thick (*/3.~—'*/i, in. between spot centers) and 30 to 
104 in. wide prior to rolling to lighter gages. Each joint 
consists of two lines of seam welds made simultaneously, 
the speed being ft./min. 


PROJECTION WELDING 


In 1934 Woofter'*® stated that there was no informa- 
tion about the projection welding of aluminum, but in 
1938 he!” announced that it had been accomplished in 
the laboratory. Siemers” stated that the process ought 
to be developed for aluminum, and Hunt®* mentioned 
that the process had little application, but that there was 
no reason against its use. Projection welding is satis- 
factory for several spots on small aluminum parts, ac- 
cording to Ferney,** who referred to projection welders 
rated up to 2500 kva. 


PERCUSSION WELDING 


Electro-percussive welding of aluminum wire was dis- 


_covered in 1905, according to Skinner and Chubb,'” 


who found that 0.00123 watt hr. was required to weld 
hard-drawn 18-gage aluminum wire (0.040 in. diameter). 
Joints between an aluminum wire and a copper wire 
were ductile. Others®*:'*® used the process to join Al to 
Cu wires, and Dunlap, **:’ who extended the process to 
join Al to tungsten wire, remarked that there was prac- 
tically no recrystallized zone, in agreement with Eyles. 
Zdralek and Wrana'*® used an aperiodic discharge from 
dry electrolytic condensers to weld Al wires 0.008—0.02 
in. diameter in about 0.001 second. With 775 uF and 
1.3 ohms (to secure aperiodic discharge) the best voltage 
increased from 50 volts at 0.008 in. to 190 volts at 0.020 
in. diameter, with or without globule formation. The 
apparatus also was used to weld Al to Cu wire. 


ELECTROLYTIC WELDING 


The aluminum objects are cathodes in a bath of high- 
current density, which raises the temperature to the 
melting point, upon which the parts are welded by but- 
ting together.'*' The method is not successful.*° 


RESISTANCE BUTT WELDING 


In resistance butt welding the parts are pushed in 
contact before the current is switched on. After the cur- 
rent is applied, melting occurs and soft metal is squeezed 
out.*! The process is particularly adapted to 2S and 3S, 
although other alloys (probably not cast alloys’) can be 
resistance butt welded. The process was used for alumi- 


num as early as 1890,'** using automatic welders. Re. 
sistance butt welding was applied to the manufacture of 
bicycle rims in 1895,'** was used in production‘ in 1909. 
and now is applied extensively to trolley wires” and 
other wire which requires drawing after welding," and to 
cables. '** 

The surfaces to be welded must fit together well,” 
Oxide is said to be squeezed out as a collar."** Rubbing 
the parts together during welding has been recom- 
mended.*’ Bronze®’ jaws hold the parts. The distance 
between jaws (unsupported length of parts) should be as 
large as possible to secure uniform distribution of cur- 
rent.“ The unsupported length between jaws will be 
'/s in. for a section of 0.2 sq. in. and 2 in. for 3 sq. in. 
The high conductivity of aluminum rather limits the 
process to symmetrical sections,** such as bars and thick 
tubes. Insulation on aluminum conductors is removed 
for a distance of 4 in. from the ends, which are filed: 
push-up is started after melting has occurred.'*® Some- 
times a shim of pure aluminum” '/; in. thick is inserted 
between the ends of wires to be welded. 

Machine settings are governed by the necessity for 
preventing arcing and for squeezing out the oxide. 
In 1933 the pressure’ was 1000 Ib./in.*, which since 
has been increased to 2000 Ib./in.?»*-“'® or 2100 Ib. 
The current is 30,000 amp./in.* for simple sec- 
tions. '*,*5,27,46,161 The time of welding is '/, or '/s to 
10 sec.*7,'*!  Pfeiffer'** suggests 0.10-0.25 amp./circular 
mil. (13,000-32,000 amp./in.*) for wires. Bohn'** used 
90,000 amp., 6000 Ib. and 5 sec. in welding duralumin 
3'/. sq. in. cross section. According to Siemers,” the 
open-circuit voltage of resistance butt welders is 2 to 4 
volts, 0.6-0.8 power factor, 0.5-75 kva. Sections from 
0.0003'** to 31/2 sq. in. have been resistance butt welded. 

Unmachined resistance butt welds'®? in aluminum 
broke outside the weld in tensile tests in 1890. The 
weld in duralumin 3'/: sq. in. cross section, made by 
Bohn;'” had a tensile strength (no details of specimens) 
of 45,000 Ib./in.* after heat treatment in comparison 
with 60,000 Ib./in.* for unwelded, heat-treated alloy 
Others**,*7,52,15! accept the fact that heat-treated welds 
in 17S-O (or heat-treatable alloys) have 70 to 80°% of the 
tensile strength of unwelded heat-treated alloy. Resis- 
tance butt-welded Lautal!" wire (4.5-6% Cu) had S0°; 
of the tensile strength of cold-drawn, heat-treated wire. 
The welds in Lautal and aluminum had fine grain struc- 
ture. Recompression effect, such as in program control 
of spot welding, is not applicable*® in resistance butt 
welding. 

Resistance butt welds of copper to aluminum'’’'*’ 
always fail in the aluminum at a tensile strength of 14,200 
Ib./in.? With correct procedure there is inappreciable 
alloying™:'*!)'** at the junction (layer of compound less 
than 0.001 in. thick), although brittleness due to alloy 
formation has been observed with incorrect adjust- 
ment.'!! Rods up to 0.16 sq. in. cross section (*/s in. 
diameter) have been welded.'** 


FLASH WELDING 


Aluminum is flash welded like steel, but high current 
is required and the final upset is based on pressure rather 
than on travel.** Flash for '/: to 1'/s sec. to remove 
'/, to 1 in. of metal; then switch off the current and 
suddenly increase the rate of travel.*! The parts need 
not fit closely before welding. Short time (1 second or 
less) is essential to prevent excessive oxidation, according 
to Woofter.'"*© A Brinell hardness survey'*? (10 mm. 
ball) of flash welds in Avional (4 Cu, 0.5 Mg) bars 0.24 
in. diameter revealed that unaffected base metal was |!/ 
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Brinell, the weld was 93 Brinell. The distance from the 
center of the weld to the edge of the softened zone was 
between 1'/. and 2 in. Extremely fine grains were re- 
vealed in the weld at a magnification of 150 diam. after 
HF-HNO;-FeCl; etching. Particles of undissolved con- 
stituent remained in the weld, and distortion of grains 
and rolling fiber near the weld was shown clearly. A 
flash welder for aluminum wheel rims is described by 
Ward.'** Aluminum alloy window frames** have been 
flash welded, and aluminum cable 0.024—1 in. diameter 
has been flash welded to itself and to copper cable.'* 
Flash welding is the best process for joining aluminum 
wire to copper wire, according to Stieler,’*> who quoted 
{000 Ib./in.* as the tensile strength of the weld. An 
extremely narrow zone of compound is formed (no de- 
tails). 

Despite favorable reports, some authorities'*-!**)!*6 
have had no success with flash welding. It is said” 
that the flashing operation does not leave the abutting 
edges in satisfactory condition for the push-up; hence 
there is porosity and oxide in the weld. In 1934 Bohn** 
stated that flash welding does not occur with aluminum, 
and Dunlap” and Douchement’’ were unable to make 
flash welds because the aluminum burned or volatilized. 
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SUGGESTED RESEARCH PROBLEMS 


1. The rather large deviations in shear strength ob- 
served by most investigators in spot-welded aluminum 
alloys (see section on Deviations under the heading, 
Properties of Spot Welds) provides evidence of the need 
for fundamental investigation of the factors contributing 
to strength. The large deviations from spot to spot sug- 
gest that some factors are present that are unsuspected 
or are considered trivial. A comprehensive and system- 
atic study should be made of all variables that might 
possibly affect strength. 

2. Surface Preparation.—Information is needed about 
the cracking of the oxide film on aluminum and its al- 
loys. Under what conditions does the film crack with 
respect to thickness of film, temperature and stress ap- 
plied to film? Methods of promoting the exfoliation of 
the film might be helpful. An electron diffraction study 
of wire-brushed and etched aluminum surfaces after 
different periods of exposure might be informative. The 
effect of impurities in the metal and in the atmosphere 
should be investigated. 

3. Tips.—If cracking of the oxide film is essential 
for welding of the sheets to each other, similar films may 
be present on the tip to prevent welding of tip to sheet. 
A study of the surface of satisfactory and unsatisfactory 
tips after extended periods of service might provide a 
clue to the mystery of necessary tip qualities. The rate 
of diffusion of aluminum and its alloys into the tip ma- 
terial or through a layer of oxide (Al,O;?) on the tip sur- 
face may turn out to be an important property of equal 
significance with other properties, such as conductivity, 
strength at elevated temperatures and the tendency to 
sparking at the tip-sheet contact. Experiments on the 


pressure welding of aluminum to tip materials might 
yield useful results. 

4. Contact Resistance-——The resistance to flow of 
electricity and heat offered by the sheet-sheet and tip- 
sheet contacts should be measured to determine whether 
the effect of surface preparation is in altering these re- 
sistances. The resistances should be measured at dif 
ferent pressures and temperatures, also at a lower pres- 
sure after a higher pressure had been applied. The oxic 
film should be dissolved from the surface after differen; 
pressures had been applied to different thicknesses ,j 
sheet under various shapes of tips at temperatures up 
to the solidus in order to observe whether cracking of th: 
film of surface oxide had occurred. Perhaps interruption 
of spot welding at different stages during spot welding 
followed by examination of the partly welded or stil] 
unwelded surfaces would achieve the desired result. 

5. Several attempts have been made without great 
success to account quantitatively for the increase in 
energy that is required for spot welding aluminum as 
sheet thickness is increased. Experiments are needed to 
show the power dissipated at every instant and at al] 
cross sections of the weld during spot welding. Possibly 
a study of the shape and dimensions of slugs in spot 
welds made under a variety of conditions would lead to an 
approximate solution. 

6. An investigation is needed of the effect on the 
quality of welds in different thicknesses exerted by th: 
steepness of the wave front in spot welding aluminum 
alloys by machines based on the principle of stored energy 

7. Structure—Investigations of the microstructur 
of spot welds similar to those made by RO6hrig and 
Kapernick® for duralumin should be extended to other 
alloys and to welds made by accumulation-of-energy 
welders as well as to seam welding. A systematic study 
should be made of the different programs of pressure and 
current that are in common use, Fig. 4, to determin: 
their effects on the structure (cofumnar grains) of spot 
welds. Additional information is needed on the effect 
of the structure of spot welds in different alloys on their 
static and fatigue strength. Based on these studies a 
test might be devised to show the sensitivity of different 
alloys to cracking during spot welding. It would bx 
interesting to know whether preferred orientations 
created by rolling and other forming processes affect the 
spot welding (strength of weld) of aluminum alloys. 

8. Indentation.—A correlation should be attempted 
among machine setting, tip shape, spitting and indenta 
tion in an effort to provide general rules for control of 
indentation. Does the notch effect created by the in 
dentation have serious consequences under fatigue load 
ing? 

9. Testing.—A series of tests should be made on 
single-shear specimens with one or two spots and on 
double-shear specimens to demonstrate the effect oi 
variations due to changes in the ratio of width to thick 
ness and in the ratio of width to size of spot. Correlation 
is needed between the results of single-shear tests and 
the strength of the weld under other types of stress, such 
as bending and twisting. Some investigators have dis 
tinguished between the ductilities of spot welds mac 
by different processes or in different materials; yet ther 
is no accepted test for determining the ductility o! 4 
spot weld. Attempts to devise tests for the ductility ©! 
spot welds seem to be called for. The specimen in Fig 
14 may be useful for this purpose. A great deal of r 
search is needed on the fatigue and corrosion fatigue 
strength of spot and seam welds in different thicknesses 
and materials to determine whether fatigue strength 1s 
related to static strength and to what extent spacing 0! 
welds affects fatigue strength. 
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Flux 


During welding, liquid flux must flow in front of the 
advancing puddle. The flux dissolves the oxide and 
prevents ignition. Its melting point should be slightly 
lower than that of the alloy to be welded. Commercial 
fluxes generally are hygroscopic, although non-hygro- 
scopic flux is available. Most authorities use a different 
flux from aluminum, although aluminum flux has given 
satisfactory results. Oxidation on the penetration side 
of the sheets can be prevented by painting the underside 
with a water mixture of welding flux prior to welding. 


Filler Rod 


Practically all authorities use a filler rod of the same 
composition as base metal. Sometimes a rod of lower 
melting point than base metal is desirable. 


Flame 


Most authorities use a neutral flame; a few recom- 
mend a slight excess of acetylene. The tip may be 
smaller than for steel and aluminum, or may be the 
same size as for aluminum. The distance from tip to 
puddle may be 0.20—0.59 in. 


Welding Procedure 


The parts are clamped, more support perhaps being 
required than for aluminum. The parts may be tacked 
at. 1-2 in. Flame manipulation is the same as for 
aluminum. Left-hand welding is preferred by some, 
but either right-hand or left-hand welding is suitable. 
The tacked weld is flattened at once before the tacks 
have cooled, after which the seam is completed with as 
few interruptions as possible. The rod is kept in the 
puddle to secure a smooth weld. 

In welding thin sheet the torch is held nearly parallel 
with the sheet to avoid melting holes. For heavier 
sheet the torch angle may be increased to 30° or as much 
as 45°. Tacking the parts prior to welding can best be 
accomplished by holding the torch more nearly perpen- 
dicular than when welding. 


Finishing the Weld 


It is essential to remove flux from the weld, and to 
dichromate the welded part. Flux is removed by hot 
water containing 0.5% sodium dichromate, accompanied 
whenever possible by wire brushing. Dichromating may 
be performed in a solution of 20% HCl (or 15% HNO; 
or 15% HeSO,) and 15% alkali dichromate; other 
similar solutions are available. The seam may be 
flattened at 300° C. with a wooden hammer. Peening 
flush raises the tensile strength to 90 or 95% of unwelded 
alloy, may lower or raise the ductility and may refine 
the grain structure. Peening usually is performed at 
300° C. Peening generally is restricted to 1.2-2% Mn 
alloy and to 3.5-5% Al alloy. 


Cracks 


Cracks may occur during welding or in service. 
Welding cracks are observed in 6 Al-1 Zn alloy if welds 
over 6-8 in. long are attempted. 


Mechanical Properties 


The strength of welds is intermediate between that of 
cast metal and soft wrought metal. The ductility is 
generally low. A _ Belgian writer reported 20,000- 
24,000 Ib./in.* tensile strength with 4-7% elongation 
for welds in 2% Mn alloy which had 31,000—36,000 Ib./ 
in.? tensile strength, 14-18% elongation in the un- 
welded condition. The welds in high-strength alloys: 
6 Al-1 Zn and 3'/,-5 Al had nearly the same strength 
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as base metal; for example, 36,000 Ib./in.? with 9% 
elongation for dressed and peened welds in 3 Al-1 Zn 
alloy. Welds in 2% Mn alloy had lower bend angle 
than base metal. 


Castings 


Castings of all commercial compositions have been 
welded, including 10% Al castings. In general, filler 
rods should have the same composition as the casting, 
Flux is used freely either in powdered or paste form. 
Unless the part is small or is free to move in three 
directions, total preheating to 250-300° C. is required 
Preheating prevents cracks, reduces shrinkage stresses 
and increases the welding speed. A small soft flame, 
neutral or with a slight excess of acetylene, is used, the 
flame being half as long as for aluminum (tip 1 size smaller 
than for aluminum). 

Welding is about the same as for aluminum castings, 
but is said to be more difficult. Surface and joint 
preparation is identical with wrought alloys. Cracks 
are beveled to 70 or 90° V, a flat drill yielding cleaner 
bevels than a chisel. Aside from cracks, the chief 
difficulty is flux inclusions, which are decreased if the 
weld is made in a single layer. After the weld is com- 
pleted, it may be ground; in fact, some welders grind 
off the reinforcement to a depth of '/, in. to remove 
flux inclusions. Annealing is at 250—-300° C. 


OTHER METHODS OF WELDING 


Oxy-hydrogen welding seldom is applied to magnesium. 
Atomic hydrogen welding is satisfactory for magnesium 
alloys from 0.04 to 0.79 in. thick provided flux is used. 
Metal are welding has been impossible. Castings can 
be welded with the carbon arc With a filler rod of the 
same composition. 


SPOT WELDING 


Spot welding is used for sheet and extrusions; cast- 
ings up to '/, in. thick can be welded to wrought prod- 
ucts. Aircraft parts, radio cabinets, sleeper buses, 
coach chairs, textile machine parts and fuel tanks have 
been spot welded. The same type of conical, hard 
copper-base alloy tip is used as for aluminum. 

Machine settings are similar to those for aluminum 
alloys, except for timing, which is much shorter than 
for aluminum. The increase in the product 777 (UJ = 
current, 7 = time) is linear with increase in thickness for 
the alloy containing 5% Al. Welders operating on the 
principle of accumulation of energy have been satisfac- 


tory. 


Machine Settings for Spot Welding 35.50% Al Alloy 


Thickness Time, Cycles Load on 
to Be (60-Cycle Electrodes, 

Welded, In. Supply) Lb. Current, Amp. 
0.040 4 750 22,000 
0.081 6 1000 30,000 
0.128 8 1200 33,000 


Seam welding instructions are the same as for spot 
welding. Flash welding is suitable for magnesium a! 
loys, and the required current density is lower than tor 
aluminum. 
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Welding Magnesium and Its Alloys 


INTRODUCTION 


application of magnesium alloys there is an in- 

creasing recognition in the literature of the de- 
sirability of welding as the lightest joining method. 
Oxyacetylene-welding methods have been developed 
rather fully, but the flux, which is required, is trouble- 
some to remove with the thoroughness that is essential. 
Remarkably high strength is secured in welded magne- 
sium alloys, and no unusual metallurgical peculiarities 
disadvantageous to welding are exhibited. 

Among the properties of magnesium alloys, Table 1, 
their low density, 1.76—1.84, is outstanding. The melt- 
ing point of magnesium is nearly as high as aluminum, 
but the boiling point, 1100° C., which is raised only a 
few degrees by the addition of 10% Al, is far lower than 
the boiling point of aluminum. The mass conductivities 
and, to a less degree, the volume conductivities are a 
little lower than aluminum. The lower thermal con- 
ductivity of magnesium compared with aluminum, 
coupled with 40% lower heat content for magnesium on 
a volume basis, signifies that less heat is required to 
make unit length of weld in magnesium than in alumi- 
num, neglecting any difference in working the puddle 
and in amount of heat required for the flux. 

Magnesium is seldom used unalloyed. The recrystal- 
lization range of 2% Mn alloy (50% cold work) may ex- 
tend from 130-420° C. The soft annealing tempera- 
tures for 2% Mn alloy and 6% Al alloy are 320-500° C. 
and 280-320° C., respectively. Coarse grains are ob- 
tained by annealing above 500° C. 

In common with other hexagonal metals, hot-worked 
or cold-worked magnesium alloys are likely to be aniso- 
tropic. For example, the tensile strength of specimens 
cut parallel to the direction of compression of a hot 
forged disk may be only 70% of the tensile strength of 
perpendicular specimens. Analogous variations in duc- 
tility, conductivities and other properties are observed. 

Magnesium and its alloys become coated with MgO 
upon exposure to dry air. In moist air porous Mg(OH), 
is formed, which may be converted to carbonate or sul- 
phate by impurities in the atmosphere. At elevated 
temperatures (560° C.) in air the non-protective oxide 


Ay conti PANYING the increasing, although limited, 


layer grows, the increase in weight being a linear func- 
tion of time of exposure; only a trace of nitride is formed. 
Hydrogen is soluble in liquid magnesium (25-30 ec./ 100 
gm. at 650-900° C.) and in solid magnesium (20 cc./ 100 
gm. at 650° C.). Overheating the melt to 900° C. is 
a well known means of refining the grain size and pre 
venting cracking of cast magnesium alloys. 


OXYACETYLENE WELDING 
Field of Application 


The most popular alloy for welding contains 1.2 to 
2% Mn, which can be welded in any length.' Good 
welds can be made in sheet as thin as 0.028 in.’ " 
and even 0.020 in. (private communication H. W. 
Schmidt, May 1940). The welds in sheet can be bent 
to shape’ according to Beck.’ The alloy containing 
3% Al, 1% Zn has been recommended," ' as well as 
alloys containing 3.5-5% Al.'* Two other alloys that 
are easy to weld are: 0.5-1 Al, 0.5 Zn, up to 1 Mn 
(sheet'®) and 0.2-0.5 Al, 0.1-0.3 Zn, 0.5-1.0 Mn."® 
Short welds, * * 5 17 18 1% 2° up to 6-S in. long, can be made 
in the alloy containing 6-7% Al (with or without 0.75 
1.25 Zn *), but long welds crack. The alloy is suited*® 
to complicated aircraft seats and luggage racks,'"’ for 
example, where short welds only are made in tubes*! 
and sheet. Extruded sections of 6 Al-1| Zn alloy also can 
be welded,'® as shown by British Specification DTD 348 
for magnesium alloy tubes for lightly stressed parts (suit- 
able for welding). The sensitivit? of 6-7% Al alloy to 
cracks is attributed to its wide solidification range, but 
other factors,* possibly segregation, also are important. 
Other alloys than those mentioned above may be welded 
but are not recommended. 

Although Rostosky*™ stated that it is more difficult 
to weld magnesium alloys than aluminum, another 
authority** observed that magnesium alloys are the 
more fluid. Castings, sheets and extruded sections may 
be welded together, but it is poor practice to weld dis- 


similar alloys. '% 2% 2425 In particular, the 2% Mn 
alloy”! ' should not be welded to 6 Al-1 Zn alloy. An 


English publication®® states that welds between dis- 
similar alloys accentuate corrosion, but there seems to 
be no information about the contact corrosion of dis- 


Table 1—Properties of Magnesium and Some of Its Alloys 


Conductivity 


Static Tensile Properties 


Solidification Thermal, Electrical, Average Coeffi- Vield 
Temperatures, (100-300 ° % of cient of Thermal Strength Tensile Elonga 
; bie. C.)C.G.S. Copper Expansion per °C. (0.2% Off Strength, tion, % 
Material Liquidus Solidus Units (I.A.C.S (20-300° C set), Lb./In.2 Lb./In.? in 2 In Condition+> 
Magnesi 5 35 25 2Q 97 6 13,000 6 Sand cast 
ae 651 651 0.35 38.5 27.9 X 10 14,000 27,000 15 Rolled and 
annealed 
12-29% y 648 an. 29,000 36,000 10 Hard rolled 
Zo Mn alloy i4 647 0.30 34.5 27.7 & 10 15,000 32,000 16 Annealed 
3-5% Al allo 630 ( 79 av 35,000 44,000 10 Hard rolled 
alloy 30 70 0.23 27.9 XK 10 22, 000 36,000 18 Annealed 
6-7% Al alloy 620 520 0.19 12.5 28.0 x 10-8 33,000 44,000 15 Extruded and 
straightened 
10% Al alloy 590 460t 0.17 11.5 27.8 X 10-6 11,000 20,000 90 Sand cast 


By volume; mass conductivity with respect to Intnl. Annealed Copper Std. is 198%. 
* On account of coring, fusion may commence in unannealed castings at the eutectic temperature: 436° C 
+ Many of the alloys are available in numerous forms and conditions 
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CORRECT INCORRECT 


Fig. 1—Correct and Incorrect Sapes of Joints for Magnesium and Its 
Alloys. Flux Is Very Likely to Be Overlooked in Cleaning the Incorrect 
Joints After Welding. (Courtesy of E. G. West.) 


similar magnesium alloys. Magnesium alloys never 
should be welded to other metals.*4°° If aluminum 
alloy rivets, when used for magnesium, are welded at 
the edges, an extremely brittle alloy is formed." 

The principal application of torch-welded magnesum 
appears to be fuel and oil tanks for aircraft.* 7 4) 1%, 26, 27, 28 
In this country magnesium alloys are used for oil tanks, 
not for fuel tanks, according to G. O. Hoglund (private 
communication, April 1940). Winter’s*® preference for 
welding instead of for other joining methods was based 
on the supposed high notch sensitivity of magnesium, 
which does not appear to be substantiated. Cazaud'® 
in 1931 welded a magnesium alloy aircraft tank (56 
U. S. gal. capacity) that weighed 13 Ib. Details of 
typical welded joints in 1.2% Mn alloy are explained by 
Flight,‘ which always avoids fillet welds and joins 
like thicknesses. Several other welded aircraft parts,’ 
such as chairs,** fairings'* and motor cowling, have been 
illustrated, and H. W. Schmidt (private communication, 
May 1940) adds air ducts and pilot seats to the list. An 
aircraft gondola whose welds behaved well in a crash 
is described by Johnson.*® The gondola (7 ft. diameter) 
of one of Piccard’s*' stratosphere balloons was 0.14 in. 
thick, the welds (not peened) having 90% of the strength 
of base metal. Magnesium electrical conductors* !°° 
are surrounded by carbon plates, which serve as a mold, 
during oxyacetylene welding with a filler rod containing 
grain-refining additions. Welding has been used in 
magnesium alloy automotive construction.'°’ 

From the historical view-point magnesium welding 
was accomplished® in 1926, was difficult but possible** 
in 1925 and was performed in 1924* with a slightly 
reducing flame and aluminum welding flux. 


Preparation of Joint 


Corrosion-resistant coatings, such as paint,** plating'® 
and chrome finish,** ** as well as oil and grease,’ must 
be removed!’ !8 2% 37 with the aid of steel wool, abrasive 
cloth, wire brush, file or scraper. Pickling'® also has 
been used (no details). The edges must be absolutely 
bright*® before welding. 

There must be no faying surfaces or crevices which 
will make it difficult or impossible to remove flux after 
welding. For this reason corner, lap, fillet and plug 
welds, Fig. 1, are not used.*: * * 8° However, H. W. 
Schmidt (private communication, May 1940) believes 
that corner and fillet joints are permissible, if root pene- 
tration is complete. Folded joints are not used for the 


additional reason that the edges of magnesium alloy 
sheets tend to crack.*° Some authorities” pay 
flange welds, but if they are melted flush they are satis- 
factory.” Flange welds, Fig. 2, are applicable for sheet 
up to 0.04 in. thick,* ® % ™, *4 41, 1 the flange extending 
0.04-'/s in.*? above the surface of the sheet. Un- 
beveled butt welds are applicable up to 0.104*! or ', 
in.* 1% 20,387 Rither the sheets are butted together?! or 
a spacing of '/i.5 in.® ' *4 is allowed. Long welds in 
1'/2% Mn alloy are spaced apart '/,in. per ft.5 2° Plate 
over '/s in. thick is beveled*'® and a small gap is al- 
lowed.*!_ Menking,® Hougen** and others!® use 90° 
If the plate is over '/, in. thick, Hougen chips out 25% 
of the thickness at the root and deposits a reverse bead. 
He does not attempt welds over */s; in. deep, because it 
is difficult to prevent flux inclusions. Menking,’ on 
the other hand, uses 90° V up to !/2 in. thick, Fig. 3. 
The bevels are notched '/\¢ in. deep, */15 in. apart, as in 
aluminum welding. A German authority’ resorts 
to X welds only for plate over 0.59 in. thick. Schulze!" 
uses 80-100° V or X welds for magnesium electrical 
conductors with grooved backing plates of refractory or 
steel. The spacing at the root is 0.08—-0.12 in. No one 
mentions the two-torch vertical process. 

If it is necessary to weld dissimilar thicknesses, the 
joint should be arranged to allow the torch’ to be directed 
principally on the thicker part. Otherwise, the thicker 
part should be cut to sheet thickness at the joint and the 
sheet should be crimped.'* 


Flux 


During welding, liquid flux must flow in front of the 
advancing puddle.® The flux dissolves the oxide and 
prevents ignition.*® ** Its melting point should be 
slightly lower than that of the alloy to be welded, ac 
cording to Beck.* Flux is applied on both sides of the 
joint and on the rod;* *°. 24,44 to avoid frequent stop- 
ping, the entire rod may be fluxed.** One authority" 
uses flux only on the lower side of sheets to be welded, 
as well as on the rod. For wrought materials as little 
flux as possible is used.** Paste is used by a German 
authority” for parts less than 0.10 in. thick, powder for 
thicker parts, although powder is reserved for castings 
by others.** 

Commercial fluxes generally are hygroscopic,*’ 
although non-hygroscopic flux is available.** Most 
authorities’ '® °° 45, 46 use a different flux from aluminum, 
although aluminum flux has given satisfactory 
sults.'+ #7 48 In 1927, for example, Isoré**® was forced to 
add NH,Cl and MgF;, to an aluminum welding flux 
(chlorides, fluorides and alkali bisulphate) to secure good 
results. According to Brett,*® each alloy requires a 
different flux to match the melting range and perhaps to 
remove other oxides such as ZnO which is found ©! 
the surface of 4% Zn alloys in air. As Johnson, 
Gann,* Portier*® and Beck* point out, the fluxes, Table 
2, are mixtures of halogen compounds of the alkali 
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Fig. 2—Flange Welds For Sheet Not Over 0.051 In. Thick. Aluminum 
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Table 2—Fluxes for Welding Magnesium Alloys 
Composition of Flux, Wt. % 
LiCl KCl NaCl BaClh NH,Cl MgCl LiF KF MgF;,; NaF LiBr Reference 
21 10 Remainder water Auchter®™ (1938) 
8.3 8.1 Remainder water (14.5° Be.) Guzzoni* * (1931) 
34 25 14 8 ll Q Fuchs*® (1937) 
15 7.5 Remainder water Altwicker® (1931) _ 
12 6 Remainder water* Aluminium®™ (1931) 
4 11 Remainder water* Aluminium™ (1931) 
10-35 8-15 Remainder water* Gmelin®+ (1937) 
Ss 13 27 40 12 For 10% Al castings Berzin® (1936) 
15 39 38.5 4.8 Lugaskov'® ( 1933)% 


* Glycerine may be added to increase the viscosity, and KCl or NaF to lower the melting range 
+ Eutectic mixtures of alkali chlorides, fluorides and BaCl, also have been used. 


t KCland MgCl, were in eutectic proportions (no details). 


metals, yet Horn and Tewes* stated that chlorides have 
the most serious effect on corrosion, MgCl, being par- 
ticularly active** in promoting corrosion. It may be 
noted that HF and NaOH have no effect on magnesium, 
unlike aluminum, although halogen salts, of course, are 
corrosive. Unlike AICI]; and AIF;, MgF, and MgCl, 
have high melting points: 1250° and 720° C., respec- 
tively, and high boiling points: 2260° and 1400° C., 
respectively. The densities (25° C.) are 3.6 for MgO, 
2.4 for MgCl, 3.1 for MgF, and 3.7 for MgBre. 


Filler Rod 


Practically all authorities’: 17. 2°. 2%, 38, 51 yse a filler rod 
of the same composition as base metal. Schimpke and 
Horn prefer the 2% Mn alloy rod for all alloys, while Horn 
and Tewes** used a 10% Al rod for welding 6 Al—1 Zn alloy. 
A magnesium firm'®*? recommends a filler rod with spe- 
cially low iron and nickel content and containing 6.5 Al, 
0.2 Mn, 0.7 Zn for welding alloys of the same composition 
or 8.5 Al, 0.2 Mn, 0.5 Zn or 3.0 Al, 3.0 Zn, 0.2 Mn (ex- 
trusions). Another firm'* departs from the rule that 
filler rod should have the same composition as base metal 
in welding 5 Al-0.3 Zn alloy, for which a rod of lower 
melting point containing 6.5 Al, 1.0 Zn is recommended. 
It may be that the 6.5% Al rod serves the same purpose 
as the ubiquitous 5% Si rod in aluminum welding. 
Brauer and Lehmann" used an aluminum rod for weld- 
ing dissimilar alloys, but the welds were unsatisfactory. 
Maier®? warned against using an aluminum rod contain- 
ing 13% Si for magnesium alloys. 

The thickness of the filler rod is larger than the thickness 
to be welded in Menking’s’ recommendations, Table 3, 
but is about as thick as the material to be welded in 
German tables.** Rods thinner than 0.08 in. are not 
used by a Belgian'® welder. Dichromate coating on 
the rod should be removed before welding." 


Flame 


Most authorities use a neutral flame,®: *: '4 2%, 24, 5%, 54,55 g 
few recommend!” *!, 44, 52, 56, 196, 110 4 slight excess of acetyl- 
ene, while to some,® '® either type of flame is satisfactory. 
The tip, Table 4, may be smaller than for steel** and 
aluminum,'*® 2%. 5° or may be the same size as for alu- 


minum.” ** The distance from tip to puddle may be 
0.20-0.59 in.*° The acetylene consumption per inch 
of thickness in Table 4 and according to a magnesium 
firm!” rises from 40 or 50 cu. ft./hr./in. for thin sheet to 
110 cu. ft./hr./in. for plate '/, in. thick, which is prac- 
tically the same as for aluminum. Other recommenda- 
tions are 45'* and 67% cu. ft./hr./in. 


Welding Procedure 

The parts are clamped, more support perhaps being 
required than for aluminum.®* The parts may be tacked 
at the following intervals: 0.39-1.2 in.,'® '/.-1'/, in.,” 
1/,—-11/, in.,® 1/s-3 in.,*4 1 An Italian investi 
gator* ®* tacked sheets on a spot welder at |~1'/»-in. 
intervals before torch welding. Aitchison®* found it 
necessary to tack twice as frequently as aluminum, 
while a magnesium firm''® used 50% more tacks in a 
given length than for pure aluminum. Flame man 
ipulation is the same as for alumfnum.'* ** Left-hand 
welding is preferred by some,'® ™ but either right-hand 
or left-hand welding is suitable.2 *° A few authori- 
ties® ‘© do not apply flux until the start of the weld 
is heated to about 300° C. by the torch. After tacking, 
Menking® and Hougen** weld a section | to 2 in. long at 
each end to reduce distortion. The tacked weld is 
flattened at once before the tacks have cooled, after 
which the seam is completed with as few interruptions 
as possible. One authority'* advises against preheating 
on account of buckling. The rod and base metal are 
melted simultaneously. The rod kept in the 
puddle to secure a smooth weld.’ 


2 in.*8 


106 is 


Table 4—Diameter (In.) of Nozzle of Welding Torch and 
Acetylene Consumption for Magnesium Alloys 
Aluminum 

(1936-39) 
Thickness 


Welding Industry” 
(1938) 
Thickness Consumption 


Table 3—Size of Filler Rod for Welding Magnesium Alloys 


Menking'* (1939) Griesheim™, (1939) 


Thickness to Be Rod Thickness to Be Rod 
Welded, In. Diameter, In Welded, In Diameter, 
Up to 0.040 3/59 0.032-0.08 0.08 
0. 030-0 . 060 
0.050-0.110 5/39 0.10 -0.16 0.12 
0.1000. 220 3/16 
0.200-0. 400 0.18 -0.24 0.24 
0.300 and over 5/16 0.26 -0.32 0.32 


In 
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to Be Diameter of to Be of Acetylene, 
Welded, In Nozzle, In Welded, In Cu. Ft./Hr 
Below 0.050 0.025—).040 0.028—0.048 1.8 
0.080—-1/8 0.045—0. 060 0.080 3.5 
1/8-1/4 0.055—0. 070 0.128). 144 8.9 
over 1/2 0.0750. 090 0. 232-0. 252 27.0 
Grahl® (1937 Welding Industry*' (1938 
Thickness to Be Rod Thickness to Be Rod 
Welded, In Diameter, In Welded, In Diameter, In 
0.032—0.08 0.08 0. 022—0.036 
0.10 -0.16 0.12 0. 032—0. O80 
0.24 -0.32 0.24 
over 0.32 0.39 
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Fig. 3—Preparation of Butt Joints for Torch Welds. Aluminum Com- 

gene of America.'' The Edges of Plates '/s In. Thick and Over Are 

otched ('/i6 In. Deep, */is In. Apart) With a Cold Chisel to Facilitate 

Penetration. Two or More Beads Are Deposited in Joints '/; In. Thick 

and Over, and the Welding Is Performed In An Atmosphere of Carbon 
Dioxide to Prevent Oxidation 
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In welding thin sheet the torch is held nearly paral- 
lel’? 29.98.41 with the sheet to avoid melting holes. For 
heavier sheet the torch angle may be increased to 30°*!.*+ 
' or as much as Lacking the parts prior 
to welding can best be accomplished by holding the 
torch more nearly perpendicular to the surface of the 
part than when welding, according to G. O. Hoglund 
(private communication, April 1940). If the torch is 
held too nearly parallel to the sheet, air may be drawn 
to the puddle, with consequent ignition.'°® In case 
black oxide forms and the metal smokes, Schulze!®® 
stops welding and extinguishes the combustion with cast- 
iron chips. The flame is then held nearly vertical to 
melt the metal around the patch of oxide. When the 
magnesium underlying the oxide has melted, the oxide 
is raked from the weld by means of the filler rod. Too 
prolonged preheating with the torch favors combustion, 
because the flux layer is thinned. Welding speeds are 
as high** as, or a little higher than,’ '* in welding alu- 
minum. Excessive speed is indicated by flux entrap- 
ment.*° Over-heating causes porosity, while removal of 
the flame during welding may result in shrinkage cavities 
that must be chipped.*° 

Zine often is lost by vaporization in welding Mg-Zn 
alloys, according to Horn and Tewes.** Auchter®’ 
obtained complete recovery of alloying elements in de- 
positing a rod 0.16 in. square containing 0.35 Al, 0.22 
Zn, 0.75 Mn to butt-weld plates of the same composition 
and thickness with a flux consisting of 30 parts LiCl, 
15 parts KCl and 100 parts water. There was some 
oxidation of magnesium. 


Finishing the Weld 


It is essential to remove flux from the weld, and to 
dichromate the welded part. Flux is removed by hot 
water, accompanied whenever possible by wire brushing. 
G. O. Hoglund points out (private communication, 
April 1940) that 0.5% sodium dichromate should be 
added to the boiling water to prevent pitting of the 
magnesium. While still hot the welded part may be 
plunged into cleaning water.*° Parts over 0.12 in. 
thick, however, must be slowly cooled. Dichromating 
may be performed in a solution of 20% HCl**® (or 
15% or 15% HeSO,4'8) and 15% sodium 
dichromate; other similar solutions® '4.4* are available. 
Merely to dip the welded part in boiling 5% potassium 
dichromate® does not seem to be sufficient. Some 
authorities,® '***°* strongly recommend coating the 
cleaned part with lacquer, paint or other protective 
coating. 

The seam may be flattened at 300° C. with a wooden 
hammer.®.* Peening flush raises the tensile 
strength” to 90*:* or of unwelded alloy, may lower”® 


or raise'‘ the ductility and may refine the grain structure. 
Peening usually is performed at 300° C.,'% !6. 87, 38, 44,56, 192 
although 270 320° and 290-375° C.'**7 are satisfac. 
tory ranges to avoid the cracking that occurs if the tem. 
perature is too low. Peening should be light'*'* and a 
special peening machine** equipped with a torch has been 
built. Before being peened, the side of the weld may be 
mac hined to avoid folding. Peening generally is restricted 
to 1.2-2% Mn alloy and to 3.5-5% Al alloy. Alloys con- 
taining 6 Al-1 Zn may® or may not? '**°2! be peened, 
The hot forging temperatures for magnesium alloys in 
general are 260 to 420° C.; cracks occur at higher tem- 
peratures, whereas shear fractures occur at an early stage 
of deformation at lower temperatures. Peening js 
recommended by Flight"! for all welds in aircraft fuel 
tanks. 

Annealing welds at 300° C. has been said to be bene- 
ficial.'® 


Structure 


The microstructure of butt welds in an alloy 0.16 in. 
thick containing 0.35 Al, 0.22 Zn, 0.75 Mn examined by 
Auchter®’ revealed curved, columnar grains in the weld 
metal and coarse grains in the heat-affected zone. The 
magnesium alloy weld metal (2% Mn) 0.39 in. thick 
tested in tension by Matting and Klein®* exhibited 
unusually coarse grain structure. 


Cracks 


Cracks may occur during welding or in service 
Welding cracks are observed in 6 Al-1 Zn alloy'™' 
if welds over 6-8 in. long are attempted. In the absence 
of any information about the nature of the cracks, it 
may be that the angle at which the weld intersects the 
fiber of the alloy affects cracks. Thus, welds mace 
parallel to the direction of extrusion (long welds) pos 
sibly may tend to cause cracks along the fibers, whereas 
welds made perpendicular to the fibers (short welds) do 
not. 

The following tests to evaluate cracking were sug 
gested by Koppenhdfer.’ 

1. Straight butt weld 20 in. long; no cracks should 

form. 

2. Patch 0.39 in. diameter welded into a sheet 1) 
in. square; more severe than test 1; no cracks 
should form. 

3. Focke-Wulf rigid clamp test on sheet 2 in. wide and 
short restrained length; more severe than Test 2; 
no cracks should occur during cooling. 

1. Cross-weld test; most severe. 

Similar tests were suggested by Ridder,'® who used the 
same weldability tests as for aluminum, despite the basic 
differences between it and magnesium. Both investiga 
tors preferred welding a full-size tank to any laboratory) 
test, which yielded artificial results. 

Cracks developed in the stiffeners of a magnesium 
alloy tank examined by Bollenrath.*® The cracks oc 
curred while the tank was in service, and were attributed 
to shrinkage stresses due to welding. Slip lines were 
observed near the fracture, but it was concluded that 
multi-axial stresses occasioned some loss of ductility 
In Bulian’s” rigid-clamp tests (Miiller type) of an allo) 
containing 2 Mn, 0.3 Al, 0.15 Ca, there was no tendenc) 
for cracking if a filler rod of the same composition was 
employed. The calcium refined the grain structure 
Cracking of long welds in extruded 1.2-2% Mn alloy 
can be prevented by preheating (private communica 
tion, H. W. Schmidt, May 1940). Shrinkage cracks at 
the end of a seam may be prevented by depositing more 
metal than usual at as low temperature as possible 
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Going over a seam increases buckling which favors crack- 
ing. Cracks in welds between sheets and cast fittings 
may be avoided by crimping the sheet and by welding 
the fitting over a heated aluminum forming die.‘ 


Mechanical Properties 


The mechanical properties, Table 5, are low for 1.2-2% 
Mn alloy. The welds have about 70% of the strength 
of annealed base metal. However, the transverse 
strength of unwelded wrought material is only 60-70% 
of the strength in the direction of rolling or extrusion. 
Consequently, it may be concluded with Matting and 
Klein®* that the strength of welds is intermediate be- 
tween that of cast metal and soft wrought metal. The 
ductility is generally low.7! Fracture always occurred in 
the weld, although Percival®® observed fracture in the 
heat-affected zone (no details). A Belgian writer'® 
reported 20,000-24,000 Ib./in.* tensile strength with 
4-7% elongation for welds in 2% Mn alloy which had 
31,000-36,000 Ib./in.* tensile strength, 14-18% elonga- 
tion in the unwelded condition. Peening usually raises 
the strength and ductility. The welds in high-strength 
alloys: 6 Al-1 Zn and 3'/.-5 Al had nearly the same 
strength as base metal. Welds in 2° Mn alloy had lower 
bend angle than base metal. 

In a vibration test of a 30-gal. tank weighing 12.4 Ib 
in 1.2-2% Mn alloy at 1850 cycles/min., Flight" reported 
that failure occurred, partly through a weld, only after 
23 million reversals (incomplete details). 


Table 5—Mechanical Properties of Oxyacetylene Welded Wrought Magnesium Alloys 
Tests by Grahl’ (1937) on Extruded Material and Sheet 


Corrosion 


Anodized butt welds 4 in. long in sheet 0.060 in. thick 
(specimens 4 x 14 in.) containing 1.36 Mn, 0.27 Ca, 0.03 
Al. 0.011 Fe, < 0.01 Si, < 0.01 Cu were exposed by 
Mutchler and Galvin” to the weather for 7'/. months 
at 45° over a creek comparable with ocean water at 
Hampton Roads, Va. Other specimens were exposed 
for a year to tidewater (5-hr. periods, twice every 24 hr.) 
in the creek. Corrosion at the unpainted welds was no 
worse than on the remainder of the specimen, but the 
painted specimens failed at the weld. The torch welds 
were superior to spot welds, and weather exposure had 
less effect than tidewater. The results do not confirm 
Horn and Tewes’** statement in 1931 that welds have 
better corrosion resistance than base metal. In Auch 
ter’s tests (see Table 5) exposure to 15°; NaCl spray for 
30 days lowered the tensile properties (averages of two 
specimens) from 18,800 Ib./in.* tensile strength, 1.2% 
in 4 in. to 12,400 Ib./in.* and 1.0% elongation. Fracture 
occurred in the welds, the corroded specimens being 
severely pitted. The test® * to determine whether welded 
parts have been cleaned adequately consists of exposure 
in a moist room for 24 hr. If corrosion appears, pickling 
should be repeated. An English periodical®® states that 
dissimilar alloys should not be welded owing to danger 
of corrosion. It was also stated that water or moist air 
rapidly develops corrosion around flux particles and 
that good methods for testing corrosion resistance are the 
salt spray and immersion in chloride solutions. 


Tensile Strength, Lb./In.? Elongation, % 
Alloy As Welded Peened As Welded Peened 
2% Mn 15,600-19,900 24,200-29,800 1-2 2-4 
6 Al-1 Zn 27 ,000-3 1,300 35,600—41 1-2 2-4 
Tests by Aluminum Company of America! (1939) hs 
Tensile Strength, Lb./In.? Elongation, % f 
Dressed and Ground Dressed and 7 
Alloy * As Welded Ground Flush Peened As Welded Flush Peened | 
1.2% Mn 18,000 13,000 24,000 1 1 9 ‘ 
3 Al, 1 Zn, 0.3 Mn 30,000 26,000 36,000 5 2 9 
3.5-5.0 Al 30,000 26,000 36,000 8 3 9 
5.8-7.2 Al, 1.0-1.5 Zn 35,000 28,000 5 2 


* The first three alloys were tested as sheets, the fourth as extrusions 


Tests by Auchter® (1938) on Butt Welds in Plate 0.16 In. Thick Containing 0.35 Al, 0.22 Zn, 0.75 Mn, Which Was the Same 
Composition as the Weld 


Yield Strength, Lb./In.? 


0.002% Set 0.02% Set 


Unwelded 6,600 12,100 
Tensile Stress Perpendicular to W 

Oxyacetylene welded 4,600 
Tensile Stress 

Weld metal 5,700 

Bar 0.79-1.58 in. from weld 6,400 10,000 

Bar 2.0-2.8 in. from weld 6,600 10,200 

Bar 3.2-4.0 in. from weld 6,700 10,400 

Bar 4.3-5.1 in. from weld 7,000 11,500 


Specimens were 0.16 inch thick, 0.87 inch wide. 
A Martens mirror extensometer was used. 
‘LD 

Fracture in weld. 


Averages of 3 


Tests by Matting and Klein” (1938) on 2°% Mn Alloy 


Tensile Strength, 
Tensile Strength, Parallel Section* Reduced Sectiont Elongation, * Bend Angle, t 
: Plate Ratio: Ratio: % in 1.6 In. Degrees 
Thickness, Unwelded, Welded, Welded Welded Welded Un- Un 
In. Lb./In.? Lb./In.? Unwelded Lb./In.? Unwelded welded Welded welded Welded 
0.08 34,400 Up to 21,300 Up to 0.62 Up to 22,000 Up to0.61 5 0 60 19 
0.39 30,400 17,900—22,200 0.59-0.73 17,200—20,500 0.53-0.64 3.7 0 28 15 
0.79 28,500 15,900—17,900 0.56-0.63 16,100 0.57 2.8 0 29 8 


1940 


WELDING MAGNESIUM AND ITS ALLOYS 


Tensile Strength 


Ratio of Welded Elongation, 


0.2% Set Lb./In.? to Unwelded % in 4 In 

23,000 33,200 1.0 9.0 
‘eld, Weld in Middle of Gage Length 

10,700 18,800 0.57 pe 
Parallel to Weld 

11,800 20,200 0.61 2.3 

20,000 32,500 0.98 

20,000 32,700 0.99 7.4 

20,200 33,000 1.0 8.1 

20,500 33,300 1.0 09.0 
specimens. 
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Castings 


Castings of all commercial compositions® have been 
welded, including 10% Al castings,* *' although, except 
for repair purposes, according to Johnson** and Beck,? 
only 2°) Mn castings (not 3°% Al, 1% Zn) are suitable 
for welding to sheet or wrought material. H. Menking 
states (private communication, May 1940) that 3 Al-1 
Zn castings and 4% Al castings can each be welded to 
sheets of the same composition. In general, filler rods 
should have the same composition® * 7° as the casting, 
although special rods (AZ1025 © or AM286'‘) are 
available. For an unexplained reason, Brauer and 
Lehmann" specified that the rods must be cast not 
wrought. A magnesium firm!®*’ recommends a filler 
rod containing specially low quantities of iron and nickel 
with 6.5 Al, 0.2 Mn, 0.7 Zn for welding sand castings 
containing 6.0 Al, 3.0 Zn, 0.2 Mn. To weld castings 
containing 3.5-6.5 Al, 2.5-3.5 Zn, 0.2-0.7 Mn, Charles 
and Deacon’ used a filler rod containing 10.5 Al, 0.3 
Mn, the flux being 75% LiCl, 25% KF. Berzin®! added 
1% Mn to 9-10% Al alloy rods for welding 9-10% Al 
castings. Flux® '® '7 21. 58,75 is used in powdered form and 
lavishly.*: °* However, Charles and Deacon” and 
others'" used as little flux as possible in order that the slag 
might readily rise to the surface of the puddle, and the 
Aluminum Company of America't recommends flux 
only in paste form. Flux is required on the under side 
of the weld to prevent burning;** paste or liquid flux is 
used for adherence.” A magnesium firm!’ used flux 
on rod and on under side. 


Unless the part is small or is free to move in three 
directions,** total preheating to 250-300° C.,?! 55. 63, 110 
270-300° C.,?% 300° C.,5. 38 56. 76 315° C.,% 300-350° 
C.,17 325° C.,™ or 315-400° C.,'4. 7% is required. 
Winter*® warns against preheating above 350° C., 
but offers no reason. Preheating prevents cracks,° 
reduces shrinkage stresses and increases the welding 
speed.** A small’ soft flame, neutral®* or witha slight 
excess of acetylene,*' ® 7 is used, the flame being half 
as long as for aluminum” (tip 1 size smaller®* '° than for 
aluminum, 45-55 cu. ft. acetylene per hr. per in.’). 
Whereas the Complete Welder®* uses a strictly neutral 
flame for wrought material, a slight excess of acetylene 
is used for castings. 

Welding is about the same as for aluminum cast- 
ings,* °* but is said to be more difficult.'® *° Surface 
and joint preparation is identical with wrought alloys.’ 
Cracks are beveled to 70 or 90° V?! *% 75, a flat drill 
yielding®* cleaner bevels than a chisel. Aside from 
cracks, the chief difficulty is flux inclusions,’ which are 
decreased if the weld is made in a single layer.** * 
The flame may be held nearer the horizontal than usual 
to blow through the puddle’ *''° in order to remove 
flux. The flame is directed at the root of the vee to 
form a puddle*! after which filler rod is added. The 
rod is held 60° to the casting and is kept in the flame,®® 
or preferably in the puddle*’** to prevent drop-by- 
drop deposition, which carries oxide films into the 
weld. Whereas Welding Industry*': ' avoids any lateral 
or vertical motion of the torch, and Horn and Tewes** 
adopt right-hand welding, Charles and Deacon’* use 
left-hand welding and swing the torch from side to side. 
They rub the fluxed rod lightly into the puddle. If 
smoldering is observed, flowers of sulphur is dusted 
over the region to prevent ignition. 

After the weld is completed, it may be ground;*° 
in fact, some welders?" ®*. ! grind off the reinforcement to 
a depth of '/, in. to remove flux inclusions. Annealing 
at 250-300° C.*% ® or 350° C." may be beneficial, but 
Menking® does not recommend heat treatment. Welded 
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castings should be washed and dichromated” in the same 
way as welded wrought parts. The welds have the same 
strength as the unwelded casting, Table 6, and there 
is no grain growth in the heat-affected zone.’ Indeed, 
Percival®® states that the weld is stronger than the cast- 
ing. Menking* '* quoted 21,000 Ib./in.? tensile strength, 
1-2% elongation for a welded casting '/, in. thick. 
while Holler’? quoted 20,000—24,000 Ib./in.? and 3 7% 
(no details). 

A number of successful welding repairs have been 
described,’ 7 75 including bus gear boxes.*! Bus 
seats have been welded from separate castings.** The 
American Foundrymen’s Association’* limit welding 
to the repair of small surface defects in unstressed sec- 
tions of some types of magnesium alloy sand castings 


Table 6—Tensile Tests of Oxyacetylene Welds in Cast 
Magnesium Alloys. Grahl’ (1937) 


Composition of Casting, % Elonga 
Si Mn Al Zn Tensile Strength, Lb./In.? tion, % 


0 


2 14,200—-17,100 1-2 

3 l 22, 800-28,400 2-4 

4 3 24, 200-29, 800 24 

6 3 21,400-28,400 1-3 


OTHER METHODS OF WELDING 


Oxy-hydrogen welding seldom? * * 5 is applied to 
magnesium, although it is satisfactory for thin sec 
tions.®* 5% 7! The oxy-coal-gas torch also is used, ac- 
cording to E. G. West (private communication, May 
1940). However, G. O. Hoglund (private communica- 
tion, April 1940) had great difficulty in avoiding porosity 
and oxide films with oxy-hydrogen and oxy-natural-gas 
torches. Atomic hydrogen welding is satisfactory” 
for magnesium alloys from 0.04 to 0.79 in. thick (over 
0.059 in.?) but is seldom used.'* *4 There is no fire 
hazard, because hydrogen protects*® the metal from 
oxygen. Flux is necessary. Metal are welding has 
been impossible.** 57 Castings can be welded with the 
carbon are with a filler rod of the same composition.’ 
The welds have the same strength as the casting, but 
the process is in the development stage.* * ** The 
Weibel carbon resistor process is applicable to magne 
sium alloys,*' but rapidity is essential to prevent fire 
Burning-on is applicable to castings.* *° New metal is 
cast into the defect, while the sides of the defect are 
scraped with a steel rod.'? 

In order to pressure weld magnesium alloys a foil of 
a metal forming solid solutions®® with magnesium 
(patented process, 1930) must be interposed between 
the overlapping and scraped surfaces to be joined.” 
The foil is zinc 0.0008—0.0012 in. thick; the temperature 
is 350-450° C.; and the pressure is 7100 Ib. /in.* 
It is believed that zinc diffuses into the magnesium 
In Beck’s* description of the process the joint is annealed 
subsequently at 300-320° C. to promote diffusion. 


SPOT WELDING 


Spot welding is used for sheet and extrusions; 
castings up to '/, in. thick can be welded to wrought 
products.’ Aircraft parts,* radio cabinets,’ sleeper 
buses,** coach chairs®® and fuel tanks®® have been spot 
welded. Warp beams and spools for textile machinery 
also are spot welded, according to H. Menking. Among 
several applications Winter*® cites internal baffles tor 
fuel tanks, in which the rows of spots are staggered tor 
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best resistance to vibration. Guzzoni‘ used spot welding 
for tacking sheets 0.039 in. thick prior to torch welding. 
Welds have been made in sheets from 0.020—0.079" in. 
thick, up to '/, in.*® thick, and up to a combined thick- 
ness*® of */s in. for both sheets. So long as one sheet is 
().12 in. thick or less, the other may be up to 0.47 in. thick, 
according to Beck.* One authority" advises against spot 
welding sheets differing in thickness by more than 6 B. & S. 
gage numbers. The thinner sheet should be placed 
against a conical tip. More than two sheets have been 
spot welded together.* Beck* uses 6 Al-1 Zn or 2 Mn 
'/, Ce alloys (cerium was found to improve the strength 
of unwelded alloy at elevated temperatures) for spot 
welding applications. It is said** *’ to be simpler to weld 
6 Al-1 Zn alloy than 2% Mn alloy, although the latter 
yields higher shear strengths. It is best not to weld 
alloys of different compositions.* Magnesium has been 
spot welded** to aluminum and bronze, with poor results. 
It is easier to spot weld magnesium than aluminum 
alloys, according to Winter,** who offered no reason. 
The same type of conical, hard copper-base alloy tip® *’ 
is used as for aluminum. Early investigators*’ used 
copper tips, which however, mushroomed rapidly. 
Domed tips have been used for sheet up to 0.039 in. 
thick.” The tips require frequent dressing.* *’ Pick-up 
of copper from the tips lowers the corrosion®™ resistance, 
which a tip made of some other metal than copper might 
improve.'*® Although Koppenhdfer? cleans only the 
tip-sheet contact, others**’ use emery cloth, sand- 
paper or wire brushes on sheet-sheet contacts as well. 
To avoid difficulty with pick-up particularly in welding 
magnesium alloys over 0.032 in. thick, Reichel®® found 
it necessary to rub the tip and sheets with emery paper 
and to heat the sheets to 300° C. for 5-10 min. prior to 
spot welding. Reichel implied that less energy was re- 
quired with hot sheets, which in some way reduced pickup. 
Machine settings, Table 7, are similar** to those for 
aluminum alloys. Unlike aluminum, the square of the 
current is not a linear function of thickness, Fig. 4. 
The product J*t (J = current, ¢ = time in cycles), how- 
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Fig. 4—Plot /? and /°t versus Thickness of Each of Two Sheets to Be Spot 
Welded (See Table 7). 
I = Secondary current, amp. 
t = Time, cycles (60-cycle supply) 


@—@ /*t for spot welding an alloy containing 1.2% Mn 
!%t for spot welding an alloy containing 3.5-5.0% Al 
for spot welding an alloy containing 3.5-5.0% Al 


These three curves are based on recommendations of Aluminum Company of America"* 
( ) 


— + I*t for spot welding an alloy containing 1.5% Mn; averages of values 
recommended by Dow Chemical Company™® (1939) 


1940 


WELDING MAGNESIUM AND ITS ALLOYS 


ever, is a linear function of thickness for the alloy con- 
taining 5% Al, and the values of J*¢ are nearly the same 
as for Alclad 24 S-T (see Fig. 17 of the review of litera- 
ture on Resistance Welding Aluminum and Its Alloys, 
American Wexpinc Society Journar, 19, 272-s (1940)) 
The values of J*t for 1.5% Mn alloy calculated from 
recommendations of one authority’ are extraordinarily 
high, but the values calculated for the same alloy from rec- 
ommendations of another authority'® are unusually low. 
Spot diameter is proportional to thickness up to 0.0051 in, 
Hunt*’ uses the same welder as for aluminum but uses 
less power and slightly lower tip loads. If the same 
settings are used as for aluminum,™ the indentation is too 
deep, the tips are fouled rapidly, and the welds have 
poor corrosion resistance. Early investigators*® used 
higher current than for steel, but only half the tip load. 
An English publication” used 12 to 14 cycles (50-cycle 
supply) for sheets 0.036 in. thick and 16 to 20 cycles 
for 0.064 in. The tip load was 500 Ib. for 0.036 in. sheet 
and 600 to 800 Ib. for 0.080 in. sheet. Flat or spherical 
tips of hard-drawn copper were used. To weld sheet 
0.014 to 0.047 in. thick Brailovski®! used 4300 and 1S00 
lb./in.* tip pressure, respectively. The tips for the 
thicker sheets were '/, in. diameter; the time was 15 
cycles. Welders operating on the principle of accu 
mulation of energy have been satisfactory, according to 
an English publication®® and H. W. Schmidt (private com- 
munication, May 1940). After the spot welds have been 
wire brushed, the parts are given a dichromate® treat- 
ment. 

Corrosion.—Providing the tips are clean, welds have 
the same corrosion resistance as base metal, according 
to Russian investigators.™ *! However, Mutchler and 
Galvin” found that spot welds corroded preferentially 
to adjacent metal. Their single-lAp specimens 4 x 14 
in. containing 16 spot welds in sheets 0.060 in. thick 
(1.36 Mn, 0.27 Ca, 0.03 Al, 0.011 Fe, <0.01 Cu, <0.01 
Si) were anodized after welding and were exposed to the 
weather 7'/. months at 45° over a creek comparable 
with ocean water at Hampton Roads, Va. Similar 
specimens were exposed to tidewater (5 hr. periods, 
twice every 24 hr.) in the creek for a year. Corrosion 
was visible at the spot welds within two days on un- 
painted specimens, and within a month on painted speci 
mens. Tidewater was more corrosive than exposure to the 
weather. Most of the spot welds in the unpainted panel 
exposed to tidewater had been perforated after 1 year. 

Mechanical Properties—The values in Table & 
scarcely substantiate Altwicker’s” statement in 1931 
that spot welds have low strength. Kreul™* reported 
550 Ib./spot (14,200 Ib./in.* of cross section of sheared 
single-lap weld) for spot welds in 6 Al-1 Zn alloy 0.039 
in. thick, while Kachanov™ obtained 700 Ib./spot in 
sheet (no details) 0.047 in. thick, welds in production 
being not more than 8% weaker. Reichel®® raised the 
strength from 120 Ib./spot to 170 lb./spot by heating 
2% Mn sheet 0.032 in. thick to 300° C. before spot 
welding. The various reported strengths are not in 
good agreement. The strength per spot in Table 7 is 
closely proportional to square of spot diameter for 1.2 
Mn alloy. The proportionality is far less close for 3.5 
5.0 Al alloy in which strength is very approximately 
proportional to thickness. 


SEAM WELDING 


Seam welding instructions are the same®* '* as for 
spot welding. The current should be on 20 to 25% of 
the time, and the roller'* has an included angle of 166 
Each spot requires only half the time as in spot welding 
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Table 7—Machine Settings for Spot Welding Magnesium Alloys 


Aluminum Company of America.'* (1939) 
Tips are hard copper alloy, 166° cone, °/s-in. diameter for currents up to 35,000 amp., 7/s-in. diameter for currents of 35,000-—50.009 
amp. ‘Tips are re-machined after 500-1000 welds. 
Machine Settings* for Spot Welding Rolled and Annealed Alloy Containing 1.2% Mn 
Minimun 
Minimum and Recom- 
and Recom- mended 
mended Distances 
Distances from Edge 


Tip Spots Spot Strength, Between of Sheet to 
Thickness, Time, Load, Current, Top Bottom to Clean Diam., Lb. /Spot Centers Center of 
In. Cycles Pounds Amperes Ti Tip Tips In. Shear of Spot, In. Spot, In 
0.016 3 500 21,000 5 /,"—7° 5/,”—Flat 6 0.060 60 1/4, 3/16, 
0.020 3 550 22,000 5/,”- 5/,” Flat bad 0.080 90 1/4, 3/16, 9/1 
0.025 600 23,000 6/,”"—7° 5/,”—Flat 10 0.100 120 */s 3/1, 5 
0.032 1 700 24,000 5/,”—Flat 12 0.120 170 3/16, 5/1 
0.040 6 750 26,000 14 0.160 250 3/5, 3/, 8 
0.051 Ss 850 28,000 §/,”—7° §/,”—7° 16 0.200 330 3/,, 3/, 3/16, 
0.064 10 950 30,000 5/,”"—7° 14 0.240 480 1/4, 1 1/4, 3/5 
0.081 12 L000 33,000 ' 5/,”"—7° 12 0.280 710 5/16, */s 
0.102 12 1100 38,000 1/,"—7° 10 0.350 1000 3/4, 3/3, 1/2 
0.128 15 1200 43,000 7/,"—7° 7/,”—7° 8 0.400 1350 1,2 5/5 


* All other magnesium alloys require less current. 


Machine Settings for Spot Welding Rolled and Annealed Alloy Containing 3.5-5.0 Al 
Strength, 


Thickness, Time, Tip Load, Current, Top Bottom Spots to Spot Diam., Lb./Spot 
In. Cycles Pounds Amperes Tip Tip Clean Tips In. Shear 
0.016 2 550 16,000 5/,"—7 5/,”—Flat 8 0.080 80 
0.020 3 600 17,000 5 /,"—7 5/,”—Flat 10 0.100 130 
0.025 3 650 18,000 5 /.”—7 5/,”—Flat 12 0.125 170 
0.032 TOO 20,000 §/,"—7° 5/,.”—Flat 14 0.150 250 
0.040 } 750 22,000 18 0.200 330 
0.051 5 850 25,000 20 0.250 {20 
0.064 5 900 28,000 5 /,"—7 §/,”"—7 17 0.270 720 
0.081 6 1000 30,000 /,"—7 14 0.300 980 - 
0.102 1100 31,000 &/,"—7° 12 0.340 1180 
0.128 S 1200 33,000 5/,”—7° 5/,”—7° 10 0.380 1350 
“To adjust the welding machine for a particular job, first set each of the adjustments except the current to the value shown in the table 


of machine settings. The welding current should be set at about 75% of the value given in the table and a trial weld made. The current 
should then be increased in small steps until the desired weld size is obtained. The weld may be best examined for size by driving a chisel 
between the spot welded sheets and between the spots. A slug of metal should pull from one of the sheets at each weld. The desired 
slug diameter is given in the table. The diameter of the weld is increased by increasing current. Spitting of metal between the sheets 
may be reduced by either increasing pressure or decreasing current. Changing the time setting is not recommended since small changes 
in time from the values given in the table will have very little effect on weld size. Pick-up of magnesium onto the welding tips is increased 
with increasing current or decreasing pressure. Likewise the appearance of the weld is adversely affected by increasing these factors.” 
Spot spacings are the same for all alloys. 


Dow Chemical Company.’ (1939) 
Alloy contained 1.5 Mn; hard copper-base alloy tips, 158 to 168° included angle; sheet surfaces free from protective finish. Values 
apply to any temper, but other alloys require lower current and tip load 


Thickness, Current, Time, Cycles Tip Load, 
In. Amp. (60 Cycle Supply) Lb. 
0.020 21,000 lto2 600 
0.032 22,000 2to3 700 
0.064 24,000 38 to 5 800 
0.100 27,000 4to6 1000 
Overlapping welds with a seam width of 27 or 37 (T = 21,400 Ib./in.?, the results in Table 9 show that high 


sheet thickness) are desirable.‘ Liquid tight seams'* strengths are attainable. Haase and Plass®? found 
require 20 and 8 spots per inch in sheet 0.020 and '/s that seam welds in hard rolled magnesium alloy sheet 
in. thick, respectively. In seam welding 2% Mn alloy (no details) 0.039 in. thick failed at 50 to 60% of the 
sheets 0.039-0.047 in. thick Reichel® found that the tensile strength of unwelded sheet. Failure occurred 
electrolytic copper rollers fouled rapidly. Preheating by cracking in the sheet and at the edges of the weld. 

the sheets to 300° C. reduced the difficulty, but the large 
spacings and high roller speeds (no details) made it neces- 
sary to anneal the sheets after welding. Energy con- 
sumption in seam welding has been quoted*® as 0.002- 
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0.004 kwh. per in. of seam at a speed of 50—60 in./min. 
Hunt*’ pointed out that buckling may be troublesome in 
seam welding flat sheets but not in seam welding cylin- 
ders. Hougen* reduced buckling by seam welding under 
water. Two sheets each 0.020—0.079 in. thick could be 
seam welded by Kreul.** 

In agreement with Kreul’s report that seam-welded 
strips 1.1 in. wide in 6 Al-1 Zn alloy broke uniformly at 
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Flash welding is suitable for magnesium alloys, 
and the required current density is lower than for 
aluminum.’ *7 Menking® states that flash welds may 
be made in alloy containing 4 Al-0.4 Mn or 6.5 Al-0.79 
Zn, 0.3 Mn, 0.08-1 in. thick, 0.15—-1.0 sq. in. cross section. 
Tensile strengths range from 26,000 to 43,000 Ib./in.’, 
Table 10. The process seems still to be in the exper 
mental stage.** 
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Table 8—Single Shear sianiitaaiai (Lb. /Spot) of Spot Welded 4% Aluminum Alloys. (See Table 7) 


Thickness of each sheet, in. 0.032 0.040 0.051 
4% Al alloy, annealed (500-600) 2320 420 
Al alloy, cold rolled 390 530) 


0.063 0.081 1/4 
(900-1000) 980 (1600-1900 (1900-2200) 
1350 
1200 1750 


Values in pare: ntheses were reported by Gann™, ®. §% in 1931, and Houge n%, 0? in 1940 who did not state whether the sheet was cold 


rolled. About 70% of the strengths in parentheses were secured in 1.5 1% Mn alloy (no details) by Hougen 


The other values were 


reported by Aluminum Company of America" in 1936 (cold rolled) or 1939 (annealed). 


RESISTANCE BUTT WELDING 


Magnesium rods were resistance butt welded by 
Thomson™! in 1890, and Siemers** can weld wire and 
bars from 0.024 to 1.18 in. diameter, but the process is 
not satisfactory for production, according to Menking® 
and Hunt.*? Butt welds in bars 1 in. diameter 
containing 4.0 Al, 0.3 Mn had tensile strengths of 20,000 
to 32,000 Ib./in.” 


OTHER RESISTANCE WELDING METHODS 


Magnesium has been projection welded.*® Steel studs 
have been percussion welded to magnesium alloy die 
castings.'°* Although magnesium alloys can be percussion 
welded to themselves, percussion welds with brass were 
unsuccessful on account of a brittle phase at the inter- 
face, according to H. W. Schmidt (private communica- 
tion, May 1940). Successful percussion welds with 
aluminum have been made.!” 


SOLDERING 


Several authorities”® ** insist that soldering should 
not be attempted. The American Foundrymen’s As- 
sociation’ recommend soldering only for surface de- 
fects in unstressed portions of some types of sand 
castings. The defective area is scraped or wire brushed, 
and preheated to 150-210° C. The solder is alloyed to 
the magnesium by means of a sharp pointed steel tool. 
Solder containing 90 Cd, 10 Zn requires higher soldering 
temperatures and is more difficult to apply than 60 
Cd-30 Zn-10 Sn solder, but is less brittle. Friction 
solders*®: **. *® suitable for aluminum also can be used 
for a temporary joint or for filling defects or leaky areas. 
The Bureau of Standards®* recommend rubbing tin 
into the surface with a wire brush, sweating the tinned 
surfaces, and protecting the joint from corrosion. 
Gmelin®® mentions a cadmium-rich solder containing 
iron and zine which reduced diffusion of cadmium into 
the magnesium and preserved some ductility in the 
joint. Wood*? uses 72 Sn-28 Cd solder (eutectic is 

3% Cd at 176° C.) without flux for repairing defective 
magnesium photo-engraving plates. The solder is 
wire brushed into the cleaned surface, which is heated 
above the melting point of the solder. Another solder 
recommended by Liihrig'®* for the same purpose is 
rubbed into the defective surface with a very hot solder- 
ing copper, following which soft solder is rubbed into 


Table 10—Tensile Tests of Trimmed Flash Welds in Mag- 
nesium Alloy Rods '/,-In. Diameter 
Aluminum Company of America.'' (1939) 


Yield Tensile 
Strength Strength Elongation, 
Alloy Lb. /In.? Lb. /In.? 
3.5-5 Al 21,000 35,000 4 
5.8-7.2 Al 22,500 41,000 6 
7.8-9.2 Al 24,000 36,000 3 


the special solder with a cooler copper. No flux is used 
and several successful repairs are illustrated. Mys- 
terious magnesium solders** have been proposed similar 
to the numerous cure-alls that have increased the 
difficulty of soldering aluminum. 


FIRE HAZARD 


There appears to be no record in the literature of a 
fire caused by magnesium welding. A fire'®® caused by 
a welded casting that ignited in the annealing furnace 
during cooling after welding was caused by careless use 
of sawdust to retard the cooling rate. German safety 
regulations” for magnesium do not mention welding 
because there was insufficient experience. The root of 
a weld’® may ignite, if welding is performed on a refrac 
tory table, and 6% Al castings®™ are said to have a tend 
ency to ignite during welding. However, rapid weld- 
ing avoids ignition, and should ignition occur it is pre- 
ceded by obvious smouldering.”* Flowers of sulphur 
stops the smoldering, while dry sand'®’ and cast-iron 
chips’? extinguish flames. It has been proved that 
rods '/, in. diameter and thin sheet, not to speak of more 
massive objects, will not continue to burn in air after 
burning has been started artificially.*")'" Needless to 
say, powdered magnesium may be explosive. The fine 
flakes resulting from spot welding should be removed at 
frequent intervals, according to H. Menking (private 
communication, May 1940). 
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Table laa Breaking Load (Lb. per Foot of Seam) i in Single § Shear of Seam Welded Magnesium Alloys 


Thickness of each sheet, in. 0.032 0.040 
2%Mnalloy®  ....... 9,000 

% Al alloy, annealed (10,000—12,000) 14,400 
4% Alalloy,coldrolled 15,200 


* Soft or hard rolled. 


0.051 0.063 0.081 
9,600 a 11,800 17,500 
16,800 (15,000—17,000) 21,000 (18,000—20,000) 

25,000 


( ) Values in parentheses were reported by Gann™ ®, % jin 1931, and Hougen,* in 1940, who did not state whether the sheet was cold 
tolled. The other values were secured on lap welds, 1 in. wide, and were reported by Aluminum Company of America"‘ in 1939 
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SUGGESTED RESEARCH PROBLEMS 


1. The significant properties which a flux for mag- 
nesium welding must possess are not completely under- 
stood. A number of fluxes are listed in Table 2. The 
obvious necessities are proper melting range and absence 
of decomposition to non-volatile products. What are 
the viscosity, surface tension and spreading power of 
the fluxes, and what is their reaction with, or solubility 
for, MgO at welding temperatures and in the atmos- 
phere of the welding flame? It would be interesting to 
know whether NH,Cl owes its place in the seventh flux 
to its volatility, for volatile chlorides bubbled through 
magnesium alloys are said to suppress porosity. 

2. The fundamental mechanical properties of mag- 
nesium weld metal (not welded joints) remain to be de- 
termined. The mechanical properties should be deter- 
mined both with and across the direction of deposition 
of the bead. Information on the fatigue strength of 
the approved forms of butt joints would be important 
Will heat treatment before welding prevent cracking 
of the sensitive alloys? 

3. Little is known about the effect of welding on the 
properties and corrosion resistance of torch and spot 
welds in heat-treated magnesium alloys. Additional 
research would be desirable. 

4. The mechanism of, and successful cor.ditions for, 
spot and seam welding have been suggested for research. 
Present machine settings recommended by different 
authorities are not in the best agreement. How does 
the oxide film on magnesium behave during spot weld 
ing? Can a successful seam weld be recognized by its 
macrostructure? Can chemical etching with a suitable 
reagent be substituted for mechanical preparation of 
magnesium alloy sheets for spot welding? The success 
of one investigator in raising the fatigue properties 0! 
spot welds by heat treating the sheet at 300° C. before 
welding has not been explained. Did the heat treat 
ment homogenize segregation in the sheet, remove 
internal stresses or soften the sheet and improve the 
contact? 
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SECOND PROGRESS REPORT—JOINT 


Investigation of Continuous Welded Rails 


By HERBERT F. MOORE,’ HOWARD R. THOMAS,‘ and RALPH E. CRAMER** 


I. INTRODUCTION 


1. Organization of Investigation.—This investigation, 
begun in September 1937, is carried on under the joint 
auspices of the Association of American Railroads and 
the Engineering Experiment Station, University of IIli- 
nois. The Association of American Railroads through 
the American Railway Engineering Association Commit- 
tee on Rail appointed the following Advisory Committee 
for the investigation: 

J. C. Patterson, Chief Engineer Maintenance of Way, 

Erie Railroad (Chairman). 

P, O. Ferris, Engineer Maintenance, Delaware & Hud- 
son Railroad. 

G. M. Magee, Research Engineer, Engineering Divi- 
sion, Association of American Railroads. 

C, E. Morgan, Superintendent Work Equipment and 
Track Welding, Chicago, Milwaukee, St. Paul & 
Pacific Railroad. 

G. R. Smiley, Chief Engineer, Louisville & Nashville 
Railroad. 

At the University of Illinois the work was placed 
under the general direction of Professor H. F. Moore. 
Close contact is maintained with Professor A. N. Talbot 
and the Special Committee on Stresses in Railroad Track. 
One-quarter of the time of Professor H. R. Thomas, 
engineer of tests, and of Professor R. E. Cramer, metal- 
lurgist, is given to this investigation. The assistance of 
Messrs. S$. W. Lyon, J. L. Bisesi, E. C. Bast and N. J. 
Alleman is gratefully acknowledged. Acknowledgment 
is also made of the cooperation of the following repre- 
sentatives of welding companies in preparing specimens 
and offering constructive criticisms of test methods and 
form of presentation of results: 

Lem Adams, Vice-President, Oxweld Railroad Service 

Company 

C. A. Daley, Maintenance of Way Engineer, Air Re 
duction Sales Company 

J. H. Deppeler, Chief Engineer, Metal & Thermit 
Corporation 

H. C. Drake, Director of Research, Sperry Products, 
Incorporated. 

2. Previous Work of the Investigation —In the First 

Progress Report?f of this investigation there were pub- 
lished data and preliminary results of (1) metallographic 


* Paper presented before the American Railway Engineering Ass'n., see 
Proceedings A. R. E. A. Vol. 41. pp 737-755 (1940). 

t Research Professor of Engineering Materials, University of Illinois 
Charge, Joint Investigation of Continuous Welded Rail 

t Special Research Professor of Engineering Materials, University of Illi 
nots, Engineer of Tests, Joint Investigation of Continuous Welded Rail 

** Special Research Assistant Professor of Engineering Materials, Univer 
sity of Illinois, Metallurgist, Joint Investigation of Continuous Welded Rail 

tt Proceedings of the American Railway Engineering Association, 50, pages 
687-713 (1939). Also THe JourRNAL Supplement Aug. 1939, 260-270 
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studies of welded joints in rails, (2) mechanical tests of 
specimens cut from rail metal, weld metal and metal in 
the junction zone between weld and rail, (3) tests of full 
section welded-joint specimens under repeated wheel 
load and (4) drop tests and bend tests of full-section 
specimens of welded joints. The “‘rolling-load’’ testing 
machine for subjecting rail joint specimens to repeated 
wheel load was described, as was the testing rig for mak- 
ing bend tests of full-section rail joints. A bibliography 
on welded rails was printed as an appendix to the report. 
All results obtained were stated to be preliminary and 
tentative. 

3. General Outline of the Work Since March 1939.—1n 
a general way the work reported in the First Progress 
Report has been carried on. This is especially true in 
the case of rolling-load tests. Sixteen such tests have 
been completed, during which time 21,772,200 cycles of 
wheel load have been applied to specimens. This is 
equivalent to running the rolling-load machine continu- 
ously day and night for 252 days. A number of rolling- 
load tests of specimens with joint bars instead of welded 
joints have been tested. Further bend tests have been 
made and more micrographic study has been done. 
Plans have been made for the systematic reporting of 
welded rail failures in service. 

4. Types of Welded Joints Studied.—Five different 
processes of welding rail have been studied. From all of 
these but one (Process D) both joints with 112-lb. rail 
and joints with 131-lb. rail were furnished. Joints 
welded by Process D were furnished only with 131-Ib. rails. 

The detail of welding processes is covered rather fully 
in the First Progress Report. In general the processes 
may be summed up as follows: 

Process A. Rail joint welded by oxyacetylene blow 

torch. A fusion weld made without pressure. 


L be. | th 
fh, 
-pal 
5 
j R (AS 
ken «4. 
> 4 


Fig. 1—Machine for Rolling-Load Tests 
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Process B. Similar to Process A but joints welded by 
a different company. 

Process C. The Thermit process using the intense 
heat generated by the transformation of aluminum 
to aluminum oxide. This process involves fusion 
but after solidification of the molten metal has begun 
pressure is applied. 

Process D. An electric flash butt weld made with 
pressure. The weld is heated by striking an arc be- 
tween the two rails to be joined and forcing the rails 
together at welding heat by pressure. 

Process E. A gas butt weld with pressure. A special 
welding machine using oxyacetylene gas is used and 
the rails are pressed together while welding. 

In practically all the processes there is some heating 
for stress relieving or normalizing after the weld has been 
made and, of course, the grinding off of the excess metal 
over the tread and sides of the rail head. 


II. TESTS OF WELDED JOINTS UNDER REPEATED 
WHEEL LOAD 


By N. J. Alleman and H. F. Moore 


5. Rolling-Load Testing Machine.—The machine used 
for repeated-load tests of welded joints is called the ‘‘Roll- 
ing-load’’ machine. A halftone cut of the machine was 
shown in Fig. 8 of the First Progress Report. A dia- 
grammatic sketch of the machine is shown in Fig. | of 
this second report for the benefit of those who may not 
have any other description available. The welded joint 
Specimen S is pulled backward and forward under a 
wheel, W, the load on which can be varied from zero to 
75,000 Ib. The load is applied through the lever L by 
means of a screw jack J, and is measured by the compres- 
sion of the spring P. The maximum bending moment on 
the specimen is equal to the load on the wheel times x, 
the distance of the ‘overhang’ of the specimen beyond 
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the center line of the weld when the specimen is in its 
extreme left-hand position; x can be varied by moving 
the block B. A revolution counter is attached to the 
crankshaft of the machine, and an automatic cut-off 
switch is operated by the drop of the lever L when a 
specimen breaks. The stroke of the machine is 12 inches, 
and its speed is 60 strokes per minute. 

6. Procedure of Rolling-Load Tests—-A number of 
specimens of each type of welded joint (not less than 3) 
were tested for each of two weights of rail—112-lb. and 
131-lb.tt The first specimen of each group was tested 


tt No specimens of the electric pressure butt-welded joints using 112-lb 
rails have been supplied to the test party. 


Fig. 4—Typical Fractures of a - Joint Specimens in Rolling-Load 
est 
a. Transverse fissure in head. Fissure started at N, and fracture occurred after 1,216,- 
300 cycles of a 40,000-lb. wheel load 
b. Fissure started at N near junction of web and head, just outside the weld. Fracture 
occurred after 1,378,100 cycles of a 55,000-ib. wheel load 
c. ‘Fatigue’ failure by spreading crack starting at N near corner of tread of rail. Crack 
started in coarse transverse grinding marks left on head of rail. Failure occurred after 
650 080 cycles of a 75,000-Ib. wheel loed 
d. ‘‘Fatigue’’ failure of joint bar starting at upper and lower fishing surfaces after 56,100 
cycles of 75,000-ib. wheel load. Bending moment 900,000 in.-lb 
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BEND ROLLING- LOAD 
TEST TEST 

+ | NO ELECTRIC PRESSURE WELDS TESTED 

Hermit weco —+[C_] 

cas pressure 

x - JOINT BAR P7777} 

(8J+———— cas Fusion weco -— 
Fig. 5 Relative Stengths of Joints as Shown by Bend Test and Rolling- 


Letters on bars designate welding process. Strength of thermit weld joints in 131- 
lb. rails based on average for two lots of specimens. 


under a load of 75,000 lb. If the specimen broke before 
it had withstood 2,000,000 cycles of load a second speci- 
men was put in under a lower load. If this specimen 
broke a third specimen was put in at a still smaller load 
and was tested to fracture, or until it had withstood 
2,000,000 cycles of load. The selection of 2,000,000 
cycles as the limiting number of cycles of stress is dis- 
cussed in detail in the First Progress Report. 

7. Endurance Limit for Welded-Joint Specimens. 
The endurance li 1it for a given type of welded joint 
and given weight of rail is determined by drawing a 
stress-cycle (or S-N) diagram with wheel loads or bend- 
ing moments as ordinates to an ordinary scale, and with 
number of cycles of stress for fracture as abscissas to a 
logarithmic scale. A line is drawn to fit the plotted 
points for specimens which break, and it is extended, if 
necessary, to intersect the vertical line for 2,000,000 cycles 
ofload. The wheel load or bending moment represented 
by this intersection is taken as the endurance limit for 
2,000,000 cycles of stress. 

Figures 2 and 3 give S-N diagrams for the welds tested, 
and also S-N diagrams for rails without weld and rails 
with joint-bar joints. Whenever a specimen was re- 
moved from the machine without breaking, the plotted 
point for that specimen is marked with an arrow. Evi- 
dently an S-N diagram should not lie below such a plotted 
point. It is necessary in determining endurance limit 
for some of these S-N diagrams to estimate the endurance 
limit from rather unsatisfactory data. A few illustra- 
tions may be of service. 

In the S-N diagram (Fig. 3) for Gas Fusion Welds of 
131-lb. rails the longest life of specimen was about 550,- 
000 cycles. Three plotted points for the diagram fall 
closely on a straight line, and this line is extrapolated to 
2,000,000 cycles. It is quite possible that the S-N dia- 
gram might flatten out like that in Fig. 2 for the Gas 
Pressure Weld specimens with 112-lb. rail. Then in Fig. 
2 consider the S-N diagram for Specimens with Joint 
Bars and 112-lb. rails. Evidently the S-N diagram 
should not pass below the plotted point for the specimen 
which did not fail after 3,028,600 cycles at 510,000 in.- 
lb., yet if the straight line connecting the three points for 
specimens which failed were extrapolated to 2,000,000 
cycles, it would pass below the point for the unbroken 
specimen. The endurance limit is evidently less than 
600,000 in.-Ib. and not less than 510,000. 


8. Types of Fracture of Weided Joints in Rolling-Load 
Tests.—Figure 4 shows the three types of fractures which 
were found in welded joints, namely (a) failure by trans 
verse fissure in head starting from some imperfection 
usually a minute crack, (4) failure starting in the web or 
at the junction of web and head, usually starting in some 
irregularity in welding surface which serves as a stress 
raiser, and (c) a fatigue failure by spreading crack start 
ing near the corner of the tread of the rail, a conventional 
fatigue failure of the rail. Figure 4 (d) shows a typical 
rolling-load failure of a joint bar. 

9. Rolling-Load Tests of Joints Connected by Joint 
Bars.—To secure a basis of comparison of the resistance 
of welded rail joints to repeated stress with that of joint 
bar joints, a series of rolling-load tests on rails connected 
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Fig. 6—Hardness Tests on Welded Rail Joint Made by Metal and Ther- 
New Type Weld No. W220. 
well C Scale. 


131-Lib. Section. 
Scale | In.-2 In. 


mit Corporation. Rock- 


Fig. 7—Etched Horizontal Section of Weld '/s Inch Below the Tread 


It is estimated 6 Natural size . Etched with hot hydrochloric acid 
~ he acid has brought out marks at th sides of the head at the junction of the rail ends 
at 910,000. These marks are caused by oxide at the grain boundaries, as shown in Fig. 8 
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The joint bars used in the test specimens were of heat- 
treated steel, and bars from the same lot were used for 
the 112-Ib. joints. The joint bars for the 131-lb. rails 
were from two lots. It is recognized that there would be 
a wide difference between strength of different joint bars 
with different heat treatments and also that variations 
of bolt tension may produce wide differences in fatigue 
strength, as Professor Talbot’s investigation has shown. 
These tests may be considered as representing test joints 
with a joint bar made of strong steel, carefully fitted to 
the rail and with a uniform bolt tension carefully main- 


tained. (Note: The test results for the two lots of 131- 

oo™'"= Ib. joint bars fall on the same curve in Fig. 3.) This 

‘ = ae e would seem to represent good practice in joint bars 

- a : Perhaps it might be considered that the joints with joint 
>’ oe: ° bars were made up with care corresponding to the car 


Fig. 8—Photomicrograph of Metal Showing Oxide Inclusions at Grain 
Boundaries 
Magnification 100 X No Etch 
Oxide inclusions appear as gray areas. The black areas are pits where the oxide hes 
dropped out during polishing of the specimen 


by joint bars is in progress. In this test the joints bars 
are carefully fitted and are tightened with a bolt tension 
of 20,000-25,000 Ib. which is maintained as the rolling- 
load test proceeds. The specimen is so placed that the 
gap between the rails is at the edge of the block on which 
the rail rests and the path under the wheel load extends 
from this point to a point an inch or two from the free 
end of the specimen, which is mounted as a cantilever. 

The rail joints with joint bars were placed in the ma- 
chine the same way as the rail specimens. It is recog- 
nized that this throws tensile stress to the top of the joint 
bar and compressive stress to the bottom and that the 
cycle of the stress is quite different from that which has 
to be withstood by the joint bar in service. However, it 
was felt that the best comparison of strength under re- 
peated load would be obtained by subjecting welded 
joints and joint-bar joints to the same testing conditions, 
namely, a cycle of bending moment varying from zero to 
maximum, with tension on the top side and compression 
on the bottom of the specimen. 


with which the welded joints were made. In any event 
the values from the few tests which have so far been pos 
sible to make should be regarded as indicative of general 
ranges of figures rather than a basis for sharp comparisons 
of strengths. 

10. Fatigue Failures in Joint Bars.—In the joint-bar 
joints the final failure was always by a fatigue crack on 
the tension side. In one or two cases it was observed 
that fatigue cracks started on the compression side but 
progressed very slowly. In some cases the fatigue cracks 
on the compression side appeared first, and were followed 
by rapidly spreading cracks on the tension side. This is 
in agreement with some cracks found in joint bars in serv- 
ice. However, as is commonly assumed today, a fatigue 
crack starts under repeated shearing stress and tends to 
spread most rapidly under tensile stress. In view of this 
the behavior of joint-bar test joints is quite natural. 
Shearing stress is very nearly as severe on the compres- 
sion side of the bar as on the tensile side. There is no 
reason why a crack could not be expected to start under 
either compression or tension. ‘However, the rate of 
spread of the crack is distinctly diminished by the clos 
ing up of the crack on the compressive side while on the 
tension side there is a tendency for it to open. (See Fig 


4 (d).) 


Table 1—Endurance Limits for 2,000,000 Cycles of Rolling Wheel Load for Welded Rail Specimens, Rail Specimens 
Without Welds and Specimen Joints Using Joint Bars 


During Test Head of Rail Subjected to Cycles of Tensile Stress Varying from Zero to a Maximum 


At Endurance Limit 


Maximum Maximum _ Rolling-Load 
Wheel Maximum Flexural Shearing Strength 
Load, Moment, Stress Stress Ratio: 
Type of Joint Lb. In-Lb. Lb. per Sq. In. Per Cent Remarks 
Joints with 112-Lb. Rails 
Rail without weld 63,000 756,000 42,000 25,600 100 Based on bending moment 
Rail with joint bar 41,700 510,000 t x 66 Based on bending moment 
Gas fusion weld—Process A 36,000 360,000 20,000 11,700 51 Based on wheel load; failed 
by internal fissure 
Thermit weld—Process C 44,000 440,000 24,300 14,400 58 Based on bending moment 
Gas pressure weld—Process F 55,000 550,000 30,600 17,900 73 Based on bending moment 
Joints with 131-Lb. Rails 
Rail without weld 79,000t 948,000T 42,000T 24,200 100 Based on bending moment 
Rail with joint bar 60,400 725,000 + t 76 Based on bending moment 
Gas fusion weld——Process B 20,000 200,000 8,800 6,100 25 Based on wheel load; failed 
by internal fissure 
Thermit weld—Process C 55,000 550,000 24,400 17,000 70 Based on shearing stress 


Electric pressure weld—Process D 


More than 


More than More than More than 


More than 


web failure 
Based on bending momen! 


75,000 750,000 33,100 19,500 77 
Gas pressure weld—Process F More than More than More than More than Morethan Based on bending moment 
75,000 750,000 33,100 19,500 77 


* Ratio of (Endurance limit for specimen) to (Endurance limit for rail without weld) 
+ Flexural stress in joint bars not computed; joint bars and rails made of different strength steel 
t Estimated on the assumption that 131-lb. rail will develop as high flexural stress at endurance limit as 112-lb. rail. Maximum loa 


which can be applied to machine, 
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Table 2—Results of Bend Tests of Welded Rail Specimens, Rail Specimens Without Welds and Specimen Joints Using 


Joint 


Bars 


Specimens Were Tested Head-Down Unless Otherwise Noted 


Maximum Energy Deflection Bend- 
Specimen Load Before for at Strength 
Num Fracture, Fracture, Fracture, Ratio, * 
ber Classification Lb Ft.-Lb. In Per Cent Remarks 
Joints with 112-Lb. Rails 

Rail without weldt 225,000 75,000 4.0 100 

Joint with joint bar 151,100 193,500 67 

Joint with joint bar (tested head-up) 154,400 69,300 6.8 No head-up tests of rail with 

out weld for comparison 
i 4 Gas fusion weld—Process A 124,200 4,300 0.7 55 
1 113. Gas fusion weld—Process B 140,500 6,900 0.9 62 
W253 Thermit weld—Process C 193,900 23,370 2.1 86 
-! ae > Gas pressure weld—Process E 228,400 57,800 3.9 101 Average of two tests 
Joints with 131-Lb. Rails 

Rail without weld? 300,000 100,000 5.0 100 

Joint with joint bar 201,200 111,200 9 2 67 

Joint with joint bar (tested head-up) 220,700 42,300 3.3 No head-up tests of rail with- 

out weld for comparison 
1) 22 Gas fusion weld—Process A 168,500 7,360 0.5 56 
W 105 Gas fusion weld—Process B 79,400 867 0.2 26 
W 203 Thermit weld—Process C, Lot 1 231,500 22,200 1.65 77 
r 9972 ) 
4 a Thermit weld—Process C, Lot 2 254,000 33,800 2.2 85 Average of two tests 
we) 

1 311 Electric pressure weld—Process D 315,000 21,500 6.0 105 
Me ~ Gas pressure weld—Process E 320,900 177,800 7.9 107 Average of two tests 


W 


* Ratio of (Maximum load for specimen) to (Maximum load for 


+ Values for rails without welds taken from records of bend tests made by the Rails Investigation 


recorded here. 


ll. Results of Rolling-Load Tests—As has been previ- 
ously noted the number of rolling-load tests which have 
been carried out is relatively small. The endurance 
limits which have been determined must be regarded as 
at best only roughly approximate. In a general way it 
may be said that in the rolling-load tests so far carried 
out, the electric butt pressure welds seemed to develop 
strength almost, if not quite, up to that of the rail itself; 
the gas pressure welds were but little, if any, inferior to 
the electric butt pressure welds; the thermit weld speci- 
mens and the joint-bar specimens had almost the same 
strength; and the gas fusion welds tested showed lower 
strength than the joint-bar tests. Table 1 shows results 
of rolling-load tests. 

12. Bend Tests on Rail Joints—Table 2 gives the re- 
sults on bend tests on welded-rail specimens made up to 
date. The testing rig for bend test is shown in detail 
in the First Progress Report and all the specimens were 
tested under a 64-inch span with two equal loads spaced 
6 inches either side of the center of length of the specimen. 
Thus, the middle 12 inches of length of the specimen was 
under uniform bending. In Table 2 the maximum load 
before failure would be an indication of the strength of 
the joint while the energy for fracture is taken as a mea- 
sure of its toughness. The deflection at failure might be 
taken as a measure of its static ductility. It will be noted 
that the electric pressure weld and the gas pressure weld 
actually developed a higher load than a minimum value 
for crack-free rails tested for the Rails Investigation. 
They also developed higher energy for fracture in 131- 
lb. specimens. It is noted that the joints with joint bars 
developed a high amount of energy for fracture. 

13. Bend Tests and Rolling-Load Tests as Criteria of 
Strength of Joint.—In the study of Fatigue of Metals it 
has been found by many investigators that for many 
methods there seems to be a correlation between tensile 
strength and fatigue strength. A study of the results of 
rolling-load tests and bend tests was made to see whether 
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rail without weld 
Minimum values for crack-free rails 


any such correlation can be traced in the joints tested. 
It was found that the data were not sufficient nor the re 
sults consistent enough to justify ‘any precise quantita 
tive correlation but the relative order of results for the 
two tests is shown graphically in Fig. 5, in which the 
lengths of bars are proportional to the average strength 
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Welded Joints 
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Fig. 10—Sections of Rails Welded by Processes A and D 


Etched to show extent of heated zone and location of various zones from which me- 
chanical test specimens were machined 
pproximately !/2 natural size 
Etched with ammonium persulphate 
(a) Gas fusion weld—Process A 
(b) Electric pressure weld—Process D 


ratios found. Attention is called to the fact that rolling- 
load tests for Processes D and E (131-lb. rail) merely indi- 
cated values greater than a certain amount. This is 
shown by arrows attached to the bars. An interesting 
fact in connection with this figure is that the bend tests 
and the rolling-load tests arranged the different types of 
weld in the same order of merit. It may be added here 
that taking both the bend tests and rolling-load tests into 
consideration it seems best to regard Processes D and E 
of so nearly equal value that a discrimination cannot 
be made between them at present. 

The correlation between order of merit as shown by the 
bend tests and that shown by the rolling-load tests is 
interesting. In view of the desirability of a reliable ac- 
ceptance test for welded-rail joints further experimental 
study seems worth while. However, it would be unwise 
to conclude that such a correlation has been definitely 
established by these relatively few tests. 

14. Proposed Study of Welded Rail Failures in Serv- 
ice. There has been sent out to the Advisory Committee 
on Continuous Welded Rails a proposed questionnaire on 
the behavior of welded rails in service. This question- 
naire is still in the hands of the Advisory Committee and 
it is hoped that some action may be taken so that it (or 
some other form) may be sent out to the railroads having 
welded rail in track. Then there will be a systematic 
source of information on welded joint behavior in service. 
First cost, maintenance cost, riding qualities, wear, and 
failures are expected to be reported. At best, the labora- 
tory tests of the strength of continuous welded rails 
indicate the order of magnitude of strength which may 
be expected as compared with the strength of rails with- 
out weld or with the strength of joint-bar joints in rails. 
Variations due to service conditions and variations in 
quality of the weld in joints made would have to be 
studied through service tests. 


III. METALLOGRAPHIC TESTS 
By R. E. Cramer, assisted by E. C. Bast 


15. Second Lot of Thermit Welded Joints.—During the 
past year metallographic studies have been made on a 
group of thermit rail joints welded in May 1939. These 
welds differed from previous thermit welds studied in two 
respects. First, the molds had been changed to prevent 
the trapping of slag and loose mold sand at the junction 
of the molten weld metal and the rail steel near the lower 
portion of the rail head. Second, these welds were not 
post heated or given the strain relief heating to 1100° F. 
as were the previous thermit welds. 

* 16. Hardness Tests, Etch Tests and Metallographic 
Examination.—The rail heads in the test joints furnished 
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were prepared for Rockwell “‘C’’ hardness tests over 
three areas: (1) on the side of the head, (2) on a hori- 
zontal surface */;. inch below the tread of the rail, and 
(3) on a horizontal surface */,5 inch above the junction 
of head and web. Typical Rockwell “C’’ readings are 
shown in Fig. 6. The hardness surveys show a few spots 
where the diamond brale of the Rockwell tester hit either 
gas pockets or inclusions on the side of the head and also 
some spots where this same action occurred on the hori- 
zontal slice */,, inch below the tread of the rail. These 
spots are indicated in Fig. 6 by the Rockwell ‘‘C”’ num- 
bers of 3, 6 and 8. In general, the hardness numbers 
near the junction of the rail ends approach in magnitude 
the hardness numbers of the steel outside the heated 
zone. 

A six-inch section of the rail head, including the 
junction between the rails, was sliced into five horizontal 
slices and etched in 50 per cent hydrochloric acid 
Figure 7 shows the under side of the top slice, which was 
taken about '/s inch below the tread of the rail. Along 
both sides of the head at the weld region, the acid has 
brought out markings which look like cracks. However, 
microscopic examination shows that these markings 
were caused by the metal having been burned during the 
welding operation. This action deposited iron oxide 
at the grain boundaries. The oxide is dissolved by the 
etching acid. Figure 8 is a photomicrograph of the 
metal in this area, showing the gray inclusions of iron 
oxide along the grain boundaries. Some of the oxide 
dropped out during the polishing of the surface of the 
specimen, leaving pits which show black in the figure. 


IV. MECHANICAL TESTS OF SPECIMENS FROM 
WELDED JOINTS 


By S. W. Lyon 


17. Significance of Mechanical Tests of Specimens 
from Welds.—In general mechanical tests of specimens 
from welded-rail joints give a measure of the quality of 
the metal in the joint rather than a measure of the 
strength or toughness of the joint as a whole. In some 
cases, doubtless, mechanical defects were present in the 
small specimens cut from various parts of welded rail. 
But in general these tests would give an idea of the 
quality of the material itself when undamaged by me- 
chanical defects—cracks, notches and other ‘“‘stress 
raisers.” 

18. Strength, Ductility and Toughness Tests of Speci- 
mens from Welds.—The tests used to give some idea 
of the mechanical properties of the metal in the welds 
included tension tests, fatigue tests and tension-impact 
tests. The tension test gives a measure of the static 
strength and static ductility of the material; the fatigue 
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test gives some idea of the strength of the specimen 
under repeated stress; and the tension-impact test 
gives some measure of a combination of strength and 
ductility which is designated as ‘“‘toughness.’”’ The 
specimens used are shown in Fig. 9. Tension tests were 
made in an Olsen screw-power testing machine using 
Robertson shackles to hold the specimens; fatigue tests 
were made in small rotating-cantilever machines which 
subjected the specimen to a complete reversal of flexural 
stress during a cycle of stress (one revolution of the 
machine), and tension-impact tests were made in a 
Charpy impact machine, fitted with a Lyon tension 
attachment. 

There have been made approximately 725 tension 
tests, 1280 fatigue tests and 650 tension-impact tests. 
Figures 11, 12 and 13 show the results of these tests. 

19. Quality of Metal in Different Parts of the Welded 
Joint.—The etch tests (see Section III, p. 298) made 
on different portions of the rail yielded etch patterns 
which show in a general way areas of section occupied 
by weld metal, metal affected by the heat of welding, 
and unaffected rail steel, as shown in Fig. 10 (a). Groups 
of specimens were cut from the head, the web, and the 
base of joints, and in each group specimens were cut from 
five ‘‘zones:'’ (1) weld metal, (2) junction metal between 
weld metal and heat-affected metal, (3) heat-affected 
metal, (4) junction between heat-affected metal and rail 
steel, and (5) unaffected rail steel. 

In this connection, as shown in Fig. 10 (0d), it may be 
noted that for the electric pressure weld (Process D) in 
which no metal is added during welding, and in which 
the heat-affected zone is very narrow, the system of zone 
designation as used eliminates specimens from zone 4. 

20. Results of Mechanical Tests of Specimens. 
Figure 11 shows the results of mechanical tests of speci- 
mens cut from the rail head. In this series there were 
actually taken specimens at each of either two or three 
horizontal layers in the head. The value reported is 
for that layer whose average value was lowest. 

In the case of specimens from the web and from the 
base, only one layer of specimens was taken, vertical 
in the web and horizontal in the base. In Fig. 11 the 
tensile strength seemed lowest in zone 2, the junction 
metal between weld and heat-affected metal. However, 
for the 131-lb. rail, Processes C and D, the tensile 
strengths seem to be about equal to that of the rail steel, 
zone 5. The endurance limit seemed to be slightly lower 
in the zone 1, weld metal, and this was in general true 
both for the 112- and 131-lb. rails, and the endurance 
limit of the rail steel, in general, was higher than that 
for the weld metal. The ductility and toughness were 
in general lowest in zone 2, the junction metal between 
weld and heat-affected metal. Values of elongation, 
reduction of area, and energy for fracture (impact- 
tension values) were lower for weld metal than for rail 
steel, except for Process D, in which weld metal and rail 
steel showed nearly equal values for ductility and 
toughness. 
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Considering the results of specimens cut from the web, 
reference to Fig. 12 shows that the tensile strength in 
general is about equal in zone 1, weld metal, and zone 
2, junction metal between weld metal and heat-affected 
metal. These values for Processes A and B are dis- 
tinctly below those for rail steel. For Processes C and 
D the values are about the same as those for rail steel, 
For Process £, 131-lb. rail, the figures seem to be some- 
what lower than for rail steel. The endurance limit is 
also lowest in zones 1 and 2, and in all cases seems 
somewhat lower than for rail steel. The values for 
elongation, reduction of area and toughness are lowest 
in zones 1 and 2, and for Processes A, B and C they are 
distinctly below the values for the rail steel. For 
Process D the results are slightly below the values for 
rail steel except reduction of area, which is about equal 
to that for rail steel. For Process E the data are in- 
complete, but for the 112-Ib. rail the elongation and 
reduction of area are about equal to that of rail steel, 
while for the 131-Ib. rail and all tension-impact values 
the toughness is distinctly less. 

Figure 13 gives a summary of the values for specimens 
cut from the base of the rail. The values of tensile 
strength again seem in general to be smallest in zones 
1 and 2. For Processes D and E the tensile strength 
seems to be equal to, and in some cases slightly above, 
that for the rail steel. For Processes A, B and C it 
is distinctly lower than that for the rail steel. The 
endurance limit is also lowest at zones 1 and 2. In 
general, none of the fatigue tests show results quite up 
to the fatigue strength of the rail steel although Pro- 
cesses D and E and the 112-Ib. rail, Process C, approach 
that value. The ductility and toughness tests of ma- 
terial in the base again give minimum values for zones 
1 and 2. And again Processes D and E approach or 
equal the value for rail steel, and Processes A, B and C 
give results distinctly below. For the tension-impact 
results for zones | and 2 it is again noted that values for 
Processes D and E approach (but in this case do not 
equal) values for rail steel, while for Processes A, B 
and C, values are lower than for rail steel. 

21. Specimen Test Results as Indexes of Quality of 
Joints.—As pointed out previously, the specimens cut 
from welded joints indicate qualities of metal rather 
than of the welded joints. Such factors as irregularities 
of outline at welds, minute cracks, and other mechanical 
“stress raisers’’ would not play much part in the tests of 
small specimens cut from the joint, machined to shape, 
and given a smooth finish. However, a comparison of 
the results of specimens tested with the results of rolling- 
load tests of joints do show various signs of the effect of 
poor metal on the strength of the joint as a whole. 
Evidently mechanical tests of specimens cut from the 
joint furnish one source of information concerning the 
strength of the joint. However, this information must 
be amplified by appropriate tests of the joint as a whole, 
and, as in the First Progress Report, we may note that 
service records will furnish the final criterion. 
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FACTORS AFFECTING RESIDUAL 


By C. T. GAYLEY?t and J. G. WILLIS‘ 


suitable for the prevention of excessive residual 

stresses have been investigated, and are quite well 
known; others have been given slight attention. The 
fewer the number of passes the less the distortion of the 
weldment, and the less the residual stresses, is one of the 
points that has been well established, and upon which 
there is quite general agreement. From this estab- 
lished rule it may be surmised that the parallel bead 
technique will cause the greatest distortion and leave the 
greatest residual stresses. 

As an illustration of the distortion that may occur 
when the parallel bead technique is used, a vee butt-joint 
was made in 2'/s in. medium steel plate. The test joint 
was 12 in. long, the vee was backed with a '/, x 1-in. 
strap, and the root opening of the vee was set at '/, in. 
The angle between the beveled edges of the plates was 60 
degrees. The assembly was placed in the flat position, 
allowed freedom to buckle and was welded with '/;-in. 
diameter heavily coated electrode, using the string bead 
technique. Forty-eight beads were required to fill the 
vee, and between each pass the assembly was allowed to 
cool to about 100° F. Upon completion it was found 
that the weld metal had pulled the plates until the 
plane of one was at an angle of 16 degrees 50 minutes to 
the other. 

A traverse section of the weld joint is shown in Fig. 1. 
The crack at the root of the weld attests to the high 
shrinkage stresses set up in the weld metal. The stresses 
must have reached some 60,000 psi at the point of rup- 
ture. 

As the newly deposited weld metal shrinks and pulls 
the plates in the manner indicated in Fig. 1, then the 
last weld metal laid down will be in tension. As the 
welding proceeds the pivotal point of the buckling moves 
upward and the metal first deposited is placed in ten- 
sion. Considering the stresses from the bottom of the 
weld toward the top, there is a point of maximum ten- 
sion on the lower surface, decreasing upward to a point 
of no stress. Above this there is a zone of compression, 
reaching a maximum at the axis of rotation, then a de- 
crease in compression through another neutral point, 
and finally at the top surface of the weld another point of 
maximum tension. It seems safe to conclude that the 
tension on the part of the weld first laid down increased 
to the point of rupture as the welding proceeded. This 
is further confirmed by the fact that similar welds made 
with the plates clamped in a heavy jig to prevent buck- 
ling, failed to develop cracks in the root of the weld. 

In order to determine welding conditions with which 
distortion and residual stresses could be decreased to 
within reasonable limits, the following factors were 
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Stresses in Welds 


briefly investigated: 

1. Design of the joint. 

2. Number of layers per inch of weld metal 

3. The rate of weave in the layer technique. 

t. Interpass temperature. 

». Are energy. 

6. Size of electrode. 
7. Amount of penetration at the scarf of the weld. 

Test plates were prepared, varying one factor at a time 
to learn what effect it had on the residual stresses in the 
completed weld. Certain other conditions were kept 
constant. All specimens were vee butt-joints made 
between two mild steel plates */, x 5 x 10'/» in., 
with a scarf bevel as indicafed in the tables. Except for 
specimens Nos. | and 2, where a smaller electrode was 
used, the same current and are voltage were used to 
obtain the results given in Table 1. 


Table | 
3 
OZ ADAMO AF 
I 1 */~ 13 60 22 '/, 10°15’ Normal scarf penetration 
2 § 60 22 10°15’ Normal scarf penetration 
3 */y 11 60 22 ! 7°15’ Normal scarf penetration 
11 60 22 ' 8°37’ Normal scarf penetration 
5 11 16 12° Normal scarf penetration 
6 iw 11 15 22 '/, 11°53’ Normal scarf penetration 
| ie 7 2 2 ! 7°55’ Normal scarf penetration 
8 3B 7°40’ Normal scarf penetration 
2 ! 6°45’ Normal scarf penetration 
10 */~ 7 25 30 ? 6°30’ Normal scarf penetration 
11 */y 7 60 22 3 $°53’ Deep scarf penetration 
3 F080 2 2°16’ Normal scarf penetration 
13 s 7 60 30 ! 5° O° Deep scarf penetration 
14 60 30 '/, 4°35’ Normal scarf penetration 
III 15 4 15 22 ! 1°50’ Normal scarf penetration 
16 P @ 2° 0’ Normal scarf penetration 
7 f 1 15 30 ! 3°45’ Normal scarf penetration 
18 6 4 15 30 ‘'/, 3°37' Normal scarf penetration 
19 66 22 |'/, O° 45’ Normal scarf penetration 
20 4 66 22 }*'/, 0°37’ Normalscarf penetration 
21 4 60 30 '‘'/, 3° 7’ Normal scarf penetration 
22 60 30 '/, 3°10’ Normal scarf penetration 


The plates were tacked together and placed on the 
welding table in the horizontal position, with only the 
backing strip and two similar strips under the edges of 
the plates touching the table. Thus, the heat dispersion 
by conduction and radiation was practically the same in 
the preparation of all specimens. After a test specimen 
was completed, the angle one plate had moved from the 


303-s 


Fig. 1—Crack in Weld Caused by Improper Weld Deposit 


plane of the other was measured and recorded as the 
degree of warpage. This measurement was selected as 
a quick and convenient method of obtaining a relative 
measure of the amount of stress locked in the weld metal. 
All welding was done in layers, using a transverse weave, 
the speed of which was varied as recorded in the tables. 

A comparison of the degree of warpage in relation to the 
number of layers of deposited weld metal is shown by the 
three sub-groups of Table 1. It will be seen that as the 
number of layers is decreased, the degree of warpage is 
decreased. This confirms the findings of others, namely, 
that the distortion and residual stresses in welding varies 
directly with the number of layers deposited, other condi- 
tions remaining the same. In brief, the results show 
that by reducing the layers from 13 to 4 the warpage 
may be reduced from around 10 degrees to around 2 or 3 
degrees. 

The explanation given by Gibson and others for the 
decrease in distortion and shrinkage with the decrease in 
the number of passes has to do with the temperature 
gradient normal to the surface of the weld deposit. 
When a heavy layer is deposited there is a longer applica- 
tion of heat at the point where the metal is being de- 
posited, and for this reason the temperature gradient 
down through the surrounding plate, through the pre- 
viously deposited weld metal and the backing strip, is 
not so steep. The shrinkage is therefore more nearly 
equal from top to bottom of the weld, and the distortion 
of the plates is decreased. 

Specimens No. 47 and 48 of Table 4 were prepared 
with backing strips immersed in cold water, to further 
determine the effect of a steep temperature gradient 
normal to the surface of the weld metal being deposited. 
The greater degree of warpage as compared to specimens 
No. 42, 43 and 44 is an indication of the greater residual 
stresses remaining and the greater tendency to distor- 
tion when the temperature gradient is steep. 

Group II and III of Table 1 reveal the effect of the 
design of the joint. When all the specimens with the 22 
degree bevel are averaged for one figure and those with 


the 30 degree bevel for the other figure, a true comparison 6& - 
of the two joints is obtained, for then the other variables Heavily 28 wt of 
appear equally in each group. The average for the 22. 34 Coated a ex 36a 260 45 as 
degree group is 3 degrees 29 minutes and the average for ’/. Mild steel 16 Beads None 200 165 24 = 17°4! 
the 30 degree group is 4 degrees 34 minutes. The 22 5/» Austenitic 16 Beads None 200 165 24 29 
degree joint is apparently the better design, and the = steel 6 Layers 100 200 165 24 
probable simple explanation for this is that there is a 
greater relative width of weld metal to shrinkin the upper Austenitic 6 Layers 100 500 165 24 4 
portion of the 30 degree joint as compared to the 22 
degree joint. The evidence confirms the results of = 
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Harter, Hodge and Schoessow wherein they obtained a 
decrease in the warpage of square butt-joints in |-ip 
plate from 11 degrees to 8.5 degrees by decreasing th, 
opening of the joint from 1 in. to '/ in. 

If a less degree of bevel for the scarf of a vee-joint 
decreases the amount of warpage, then it would seem to 
follow that a butt-joint with vertical walls would be the 
most desirable. But such a joint, wide enough to permit 
proper welding of the root, would require a great deal of 
weld metal to fill, without much further decrease, if any. 
in the tendency to buckle. It would seem therefore that 
the 22 degree scarf is somewhere near the optimum for 
the vee butt-joint in plate up to */, in. thick, while aboy 
this thickness the familiar U- and J-joints are more de- 
sirable, when welding can be done from only the on 
side. 

The data in Table 1 may also be used to show that th 
rate of the transverse weave used in the deposition of the 
weld metal is an important factor in the buckling of th: 
plates. For this purpose all the specimens except Nos 
and 2 may be divided into two groups. One group wil! 
consist of the ten specimens welded with a weave of 15 to 
20 traverses a minute, with an average warpage of () 
degrees 23 minutes, and the other of the specimens welded 
with a traverse of about 60 per minute, and with an 
average warpage of 4 degrees 1 minute. The higher rate 
of weave definitely decreases the warpage of the plates 
This improvement cannot be attributed to a decrease in 
the temperature gradient normal to the surface of the 
weld, for both the slow and the fast weave give the same 
thermal conditions. 

It is believed that the decrease in warpage shown by th« 
more rapid weave is due to the normalizing, diffusing and 
stress relieving effects of the rapid traverse. It will b 
apparent that as very thin laminations of weld metal ar 
laid down by the rapid traverses across the end of the 
layer being deposited, each thig lamination previously 
solidified will again be raised to a higher temperature 
and there will be a point not far from the surface of the 
solidifying metal where these thin laminations will be 
carried alternately below and above the A, point with its 
decided grain-refining, diffusing and _ stress-relieving 
effects. It is probable that with this fast traverse the 
weld metal deposited will be passed up and down through 
the critical as many as three or four times. That the 
passing back and forth through the critical has something 
to do with the decrease in distortion is shown by the 
fact that greater improvement is obtained by a fast 
weave when using mild steel electrode than when using 
austenitic steel electrodes. 
that the same degree of improvement is not obtained by 
the use of preheat and fast weave when the weld is mac: 
with metal that has no transformation point. 


Table 2 


It will be noted in Table 2 
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It has been suggested that the amount of penetration 
mm the scarf of the weld joint influences the amount of 


buckling. To investigate this point specimens No. 11 
and 13 were prepared with deep scarf penetration and 
specimens No. 12 and 14 with normal scarf penetration, 
other conditions being balanced. It will be seen that the 
greater degree of warpage was in the specimens of deep 
penetration. While the number of specimens prepared 
to test the effect of this variable is small, it is likely that 
deep penetration promotes high residual stresses by 
reason of the wider span of weld metal to shrink on cool- 
ing. 

Test plates No. 23 to 38 were prepared in order to 
superficially investigate the effect of electrode size, the 
amount of are energy, and the interpass temperature. 
lhe results of these tests are given in Table 3. 


Table 3 
- & ~ = 
WA BA MO Fe 40 AF 
I 90 195 27 3° 45’ 
24 » 90 195 27 3° 45’ 
25 FT 60 22 90 155 9 55° 30’ 
26 / 7 60 22 90 155 29 5° 15’ 
27 65 22 400 190 28 
29 & 400 155 29 1° 30’ 
30 /13 7 65 2 1/, 400 155 29 1° 20’ 
131 7 6 2 90 135 2 3°45 
32 7 60 22 90 135 3° 45’ 
33 1/s 7 60 22 I/s 90 110 26 4° 30 
34 1/, 1 1/, 90 1100-26 40’ 
35 7 60 22 400 135 1° 20’ 
36 7 60 22 400 135 26 1°20 
37 @ =400 110 1° 35° 
38 7 22 11026 1°30 


It will be noted that all variables appear equally in 
Groups I and II of Table 3 with the exception of the 
size of electrode, the arc current and are voltage. Group 
I has an average warpage of 3 degrees 16 minutes, while 
Group II has an average of 2 degrees 48 minutes, the 
latter being the '/s-in. diameter electrode group. The 
difference is not large, and the individual results obtained 
for the corresponding specimens are not entirely con- 
sistent. However, if the above results are confirmed, it 
is believed that the slight decrease in warpage shown by 
the use of the smaller electrode is due to the more nearly 
optimum conditions of arc energy, length and rate of 
weave, and the cooling action of the plates; that is, the 
conditions are more effective in preventing the forma- 
tion of large dendrites, in grain refining, in diffusing and 
stress relieving. While the rate of weave per minute is 
the same in each case, there is much less metal deposited 
per minute with the smaller electrode, and consequently 
the laminations composing the layer are much thinner, 
and the grain refining and normalizing effect of the 
traverses is probably greater. 

Groups I and II of Table 3 are subdivided. The inter- 
pass temperature of the first four of each group was 90 
F. and that of the other sub-group was 400°. The 
average warpage of the preheated group is 1 degree 42 
minutes and the average of the 90° interpass temperature 
group is 4 degrees 22 minutes. This is a relatively large 
and definite decrease in warpage effected by the pre- 
heating. The explanation for this improvement is be- 
lieved to be the same as for the fewer number of passes, 
namely, a decrease in the temperature gradient normal 
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to the weld surface with its more equal distribution of 
thermal stresses. 

Finally, it will be noted in Table 3 that the specimens 
were grouped in pairs, one pair welded with a higher 
current than the adjoining pair below, otherwise the 
conditions remaining the same. While the results for 
the high and low current values are not consistent, the 
average warpage for the higher current values is lower 
by 25 minutes than for the lower current values. It 1s 
suggested that this little difference may be due to the 
added preheating effects of the higher current. 

Whatever further tests may prove to be the absolute 
effects of the different variables superficially investi- 
gated in the work herein presented, there is no denying 
the vast improvement obtained when the 12 degrees 
0 minute of specimen No. 5is compared with the | degree 
20 minutes of specimens No. 35 and 36. The question 
now arises, what would be the results if the optimum 
conditions of all these variables obtained? To find an 
answer to this question some additional test plates were 
prepared. As in the other tests, plates *, x5 x 
10'/2 in. were used. The design of joint selected for the 
tests was the 22'/» degree scarf bevel, '/.-in. root opening 
and '/, x 1 in. backing strip. The other conditions 
and the results are given in Table 4. The small amount 
of warpage, now measured in minutes, indicates a further 
decrease in residual stresses remaining in the test joints. 

It was shown in Tables | and 3 that the three variables 
having the greatest effect on residual stresses are inter- 
pass temperature, number of passes and the rate of 
transverse weave. It is believed, however, that the inter- 
pass temperature and number of passes are closely re- 
lated. When the joint is welded’ with a few layers the 
base material has been raised to quite a high heat before 
the pass is completed. In effect, g preheat of several 
hundred degrees was present during the deposition of a 
part of the layer. This preheating effect is not nearly 
as great when a large number of layers is used, since the 
layers must be made thinner and require less time for 
their deposition. The base material is not raised to as 
high a temperature during the welding, and the effects 
of a preheat are less pronounced. Thus, the effect of the 
number of layers becomes a very minor factor when an 
interpass temperature of about 350-600° F. is used. 

It will be noted that the greatest change in conditions 
between the specimens of Table 4 and those preheated 
in Table 3 is the rate of transverse weave. This was 
stepped up from about 60 per minute to about 100 
Specimens No. 35 and 36 of Table 3 were welded under 
the same conditions as specimen No. 39 of Table 4 ex- 
cept for the rate of weave. The decrease in warpage 
must then be attributed to the increase in rate of weave. 
A similar comparison holds between specimens No. 27 
and 28 of Table 3 and No. 42, 43 and 45 of Table 4 

As already mentioned, the deposition of the very thin 
laminations of weld metal along the face of the layer 
being deposited, made by the rapid transverse weave, 
gives rise to conditions for minimum dendritic growth 
and maximum stress relieving, grain refining and normal 
izing action. The result may be compared to a welded 
specimen stress relieved in the usual manner. 

In a final analysis, based on all the results obtained, 
it seems reasonable to conclude that the two most im 
portant conditions that must be met in order to obtain 
weld metal with a minimum of residual stresses are opti 
mum rate of transverse weave and optimum interpass 
temperature. These conditions are fairly well met in the 
specimens represented in Table 4, Part I. 

It was of interest to determine if butt welds in heavier 
plate could be made with little distortion. For this pur 
pose welds were made using plates 1'/» x 5 x 10'/2 in 
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Table 4 


a = & > & Oo 
Part I 
39 1/, 7 100 400 135 26 0° 10’ 
40 1/s 7 100 350 125 26 O° 5 
42 3/16 5 100 400 200 27 0° 50’ 
43 3/16 5 100 400 200) 27 0° 50’ 
44 7/36 5 100 700 200 27 #£40° 45’ 
45 3/\6 5 100 350 200 27 0° 10° 
46 /, 4 100 350 210 31 0° 35’ 
Part II 
47 5 100 350 200 29 3°20’\ Backing strip 
48 5 100 350 200 27 immersed in 


cold water 


a scarf of 22 degrees, '/2-in. root opening and '!/,-in. 
backing strip. The results of these tests are shown 
in Table 5. 


Table 5 

ro) 
= fo So 
BS S56 422 33 

92 8A FR <> AB 
49 3/\6 10 40 400 200 27 8° 35’ 
50 60 400 200 27 6°10’ 
51 3/\6 10 100 550 200 27 3° 37’ 
100 500 200) 27 1°30’ Back stepped 


A satisfactory decrease in warpage was not obtained 
in the heavier joint until the back step technique was 
used with preheat and with a rapid weave. It is prob- 
able that still better results may have been obtained by 
the use of a J- or a U-joint in the heavier plate. 

As an indication of the tensile properties of all weld 
metal specimens taken from a few of the plates showing 
little warpage, Table 6 was prepared. 


Table 6 

. No . os 
19 4 66 90 0° 45’ 46,000 64,000 34 

20 4 66 90 e737" 48,500 60,000 33 

21 4 60 90 — a 50,500 63,500 31 

21 4 60 90 lal i 49,000 63,000 28 

39 7 100 400 0° 10’ 53,000 67,000 30 

SUMMARY 


It has been shown that there are at least seven ap- 
parent variables in the welding of a vee butt-joint that 
may influence the amount of residual stresses left in the 
weld metal. It seems quite definitely established, how- 
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ever, that if the optimum rate of transverse weave and 
optimum interpass temperature are obtained, the jp. 
fluence of the other variables tends to become minimum, 
or completely disappear. The result is a weld metal de- 
posit whose residual stresses are relatively small. The 
weld metal thus deposited is strong and ductile. 


A pplication 


It is believed that the practical application of the 
favorable technique may be carried out without preheat. 
The proper interpass temperature may be maintained by 
the step-welding of about six to twelve inches of a joint 
at a time, when after the first layer is deposited the proper 
interpass temperature shall have been reached and may 
be maintained in the restricted length by welding without 
interruption except for cleaning the slag after each pass. 
The same procedure that will prevent buckling in a vee 
joint will also aid in preventing large change of dimen- 
sions in the fabrication of welded assemblies. 

It may be well to remind the reader that the above test 
results were obtained under laboratory conditions, and 
that the plates were prepared by a welder who is espe- 
cially skilled. 

The opinions and assertions contained herein are the 
private ones of the writers and are not to be construed as 
official or reflecting the views of the Navy Department 
or the naval service at large. 
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Ductile Zirconium and 
Titanium 


The house publication, Foote-Prinis, of the Foote Min- 
eral Company of Philadelphia, contains an article on duc- 
tile zirconium and titanium in its June 1940 issue. The 
article was written by H. W. Gillett and is based on ex 
periments at Battelle Memorial Institute. The two 
metals are produced by decomposition of zirconium or 
titanium tetraiodide on a hot filament to form a rod of 
crystal, which is swaged to desired form, wire or sheet 
for example, at 400—-500° C. An extremely important 
matter and one not discussed in the literature, is whether 
the metals can be welded to themselves. There is noth- 
ing inherent in the vapor deposition process to limit the 
size of the rod to the '/, inch diameter at which deposi 
tion is usually stopped, with suitable leads and sufficient 
current available to heat larger diameters, yet on what 
ever scale the process is carried out, welding is practically 
essential. In view of the gas-sensitivity of these metals, 
welding might be expected to be difficult. However, 
electric spot welds were made with standard spot-welding 
technique without difficulty; zirconium foil 0.002 inch 
thick was readily welded to itself or to nickel. Like- 
wise zirconium rod swaged to 0.12 inch diameter was ele: 
trically butt welded to itself without difficulty. Electric 
pressure welding, under the control made possible by 
modern equipment, should make fabrication of the 
metals by welding entirely practical. Readers interested 
in the welding of zirconium and titanium should apply 
to the Company for a copy of Mr. Gillett's article. 
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SPOT AND SEAM WELDING 


By CARL HAASE 


seam welding of aluminum and magnesium alloys 
for two reasons: (1) the high thermal and elec- 
tric conductivities of light metals, (2) the close relation- 
ship between the microstructure of light metals and their 
mechanical properties and corrosion resistance, as well as 
the notch sensitivity and brittleness of magnesium alloys. 

It is impossible to spot weld aluminum in the same 
way as steel. The resistance of aluminum is so small 
at least in thin sheets—that once the contact resistance 
between the sheets has disappeared, the current cannot 
bring the spot to be welded to the welding temperature. 
Increasing the welding time causes undesirable struc- 
tural changes in the vicinity, without enlarging the spot. 
If, in addition to increasing the time, the energy is in- 
creased, pick-up from the tip occurs, because the tip 
material has but little higher conductivity than alumi- 
num and becomes overheated. Pick-up lowers the cor- 
rosion resistance of the spot weld. It is necessary, 
therefore, to use considerably higher energies than with 
steel, but only '/i9 the welding time. 

From the standpoint of microstructure, we know that 
with mild steel the dendritic structure of the spot weld, 
far from lowering the strength, is beneficial. With dur- 
alumin, on the other hand, the strength may be doubled 
by changing settings so that dendritic structure is ab- 
sent. The machine settings must be accurately con- 
trolled, particularly the time, which is best controlled by 
modulators. 


cain welders are required for the spot and 
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Fig. 1—Static Sossbing Load and Diameter of Single Spot Welds in Sheets 
0.039 In. Thick as a Function of Current 
@ = duralumin ¢ = magnesium containing 1.5% Mn 
b = Al-7% Mg alloy d = magnesium containing 6% Al 
breaking load, |b./spot 
~ spot diameter, in 


Extended abstract of ‘‘Punkt—und Nahtschweissung von Leichtmetallen,’ 
& paper read before the Convention of the German Engineers’ Society in Dres 
den, 1939, and published in Z. VDJ, 84, 89-96, Feb. 10, 1940. 


Prepared by G. E. Claussen, Research Assistant, Welding Research Com- 
mittee 
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Fig. 2—Static Breaking Load and Diameter of Single Spot Welds as a 
Function of Time (50-Cyale Power) 
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STATIC STRENGTH 


The current is the most important machine setting, 
for it governs the diameter of the welded area, and thus, 
to a great extent the strength. As current is increased, 
spot diameter and strength increase, Fig. 1, except for 
the magnesium alloy with 6% Al, whose strength de 
creases at constant spot diameter as the current in 
creases due to porosity and to cracks related to the high 
notch sensitivity of magnesium alloys. 


Welding time is less important than current, and 
should not be too short for aluminum alloys. The 
original requirement that welds should be made in less 
than one cycle has been found to be exaggerated. For 
the thinner sheets spot diameter remains constant as 
time is increased, Fig. 2, dotted curves a,c andd. The 


observed increase in strength obviously is related to 
improved quality of spot. With short times (1 or 2 
cycles) the spot frequently reaches the surface and has 
the shape shown in Fig. 3. If the sheet is over 0.059 
in. thick, spot diameter increases with time, which ac 
counts for the increase in strength. Time has little « 
fect on the strength and size of spots in the magnesium 
alloy containing 1.5 Mn, but with Mg—i% Al alloy 
increasing the time decreases the strength without chang 
ing the spot diameter. 

Increase in tip load with aluminum alloys decreases 
spot diameter and strength, Fig. 4, curves a and }, oppo 
site to the effect of current. Magnesium alloys be 
haved opposite to aluminum, curves c, perhaps because 
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Table 1—Effect of Current and Time on Double Rows of Spot Welds in Duralumin, 0.039 In. Thic 


Tensile 
Welding Conditions Breaking Strength of Type of Fracture (No. of 
Current, Time, Load per the Seam, Specimens Broken 
Amp. Cycles Spot, Lb. Lb./In ? In Sheet Shear Through Spot 
Effect of Current 
15,600 6 445 38,800 3 l 
16,400 6 395 35,000 2 2 
18,500 6 370 33,800 0 4 
Effect of Time 
18,500 3 340 28,600 0 4 
18,500 6 370 33,800 0 4 
18,500 12 410 36,000 2 2 


Tip load was 330 Ib. Each specimen consisted of two sheets with four spots ina rectangle. Spot centers were 0.59 in. apart perpen- 


dicular to the load and 0.51 in. apart parallel to the load. 


the current was excessive and caused shrinkage cavities 
and cracks, which were overcome by raising the tip load. 


SPOT SPACING 


The above results relate to single spots, yet in practice 
the spots never are more than */, in. apart, with accom- 
panying shunt effect. Figures 5 and 6 contrast the effect 
of spot spacing on the strength of the single spot and on the 
strength of the seam. The effect of spot spacing is 
greater, in general, for Al-7% Mg alloy than for Alclad 
Whereas the strength per spot increases with increase of 
spot spacing, the tensile strength of the seam based on 
sheet cross section decreases. Of course, as the spot 
spacing is reduced still further beyond the scale of Fig. 5 
the strength per spot continues to decrease; at larger 
spot spacings the strength per spot approaches a con- 
stant value. For the larger spot spacings the tensile 
strength of the seam, Fig. 6, is inversely proportional to 
spot spacing. The strength of double-row seams follows 
the same changes with spot spacing as in Fig. 6 

Machine settings yielding highest strength per spot do 
not yield highest seam strength. Comparing Fig. 4 
with Fig. 7, it is seen that the best tip load for single 
spots with very large spacing is different from spots 
spaced '/, in. apart. The best tip load is 2 or 3 times 
higher for the closely spaced spots than for widely spaced 
spots, owing to shunt effect. The lower tip loads corre- 
spond to high contact resistance with resulting high 
loss of current through adjacent spots. 

The essentially different effect of time and current on 
closely spaced spots compared with widely spaced spots 
is exemplified in Table 1. As the current is raised, 
spot and seam strengths decrease. The character of 


Table 2—Effect of Heat Treatment After Welding on Duralumin Spot Welds 
As Welded 


fracture shows that the increased current had a bad ef- 
fect on the quality of the weld, which was counteracted 
to some extent by increasing the time. A detailed ex 
planation of the results is not yet possible. They suffice 
to show the importance of determining the strength not 
on a single spot but on specimens cut from the type of 
seam to be used. In this report specimens always wer 


cut from seams 20 in. long. 


= j 
Fig. 3—Slug Obtained in Aluminum Alloys Welded in 1 Cycle (50-Cycle 
Power) 
HEAT TREATMENT 


Heat treatment after welding, Table 2, has the least 
effect on the strongest (largest) welds, and is more effec 
tive in thick than in thin sheet. Since heat treatment of 
a spot-welded structure usually is out of the question, it 
has been suggested that a supplementary impulse of 
current be sent through the weld after welding. No 
great success has been achieved, but in seam welding in 
which the heat from the succeeding weld reaches the 
preceding weld, the heat-treating effect is seen clearly, 


Welded and Heat Treated 


Breaking Shear Breaking Shear Increase in 
Sheet Spot Load per Strength Load per Strength of Strength by 
Thickness, Diameter, Spot, of each Spot, Each Spot, Heat Treatment 
In In. Lb. Spot, Lb./In.? Lb. Lb./In.° % 
0.016 0.130 167 14,700 296 19,800 35 
0.016 0.138 194 13,100 257 18,300 33 
0.016 0.148 238 13,600 280 16,100 18 
0.016 0.154 233 12,500 255 13,600 9 
0.035 0.156 323 16,900 462 24,000 43 
0.0385 0.169 468 20,900 585 26,000 25 
0.085 0.181 449 17,600 548 21,400 22 
0.035 0.228 650 16,100 665 16,600 3 
0.079 0.236 700 16,200 1130 26,200 62 
0.079 0.264 825 15,100 1040 18,900 26 
0.079 0.331 1610 18,800 1830 21,000 14 
— 
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Table 3—Effect of Self-Heat Treatment on High-Strength 
Seam Welds in Duralumin 0.039 In. Thick 


Tensile 


Welding Spot Strength 
Speed, Spacing, of Seam, 
In. /Min. In. Lb./In.? Location of Fracture 
21.2 0.051 43,500 Partly in sheet, partly 
at edge of weld 
98 3 0.067 44,700 Partly in sheet, partly 
at edge of weld 
47 0.114 28,800 At edge of weld 
59 0.138 23,500 At edge of weld 
87 0.22 19,900 At edge of weld 
113. 0.28 19,800 At edge of weld 


Table 3. Only speed and thus the spot spacing were 
changed in these tests. The strength based on sheet 
cross section is twice as high for closely spaced welds as 
for wide spacing, and the welds are stronger than the 
heat-affected sheet. The microstructure of the high- 
strength welds resembles that of the heat-treated sheet 
due to the action of plastic deformation under the roller 
and of the heat from the succeeding weld. Although 
these tests suggest that heat treatment in the machine 
can be achieved, there is considerable difficulty in prac- 
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Fig. 4—Effect of Tip Load on Static Breaking Load and Diameter 
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Figs. 5 and 6—Effect of Spot Spacing on Breaking Load per Spot (Fig. 
5) and on Strength of Seam Based on Cross Section of Sheet (Fig. 6) for 
Alclad Duralumin and Al-7% Mg Alloy for Single-Row Spot Welds 


——— Al-7% Msg alloy 
- — - Alclad 


Figures on curves are sheet thicknesses 


tice in securing the desired, very narrow temperature 
range. 


FATIGUE STRENGTH 


Pulsating tension fatigue tests on,a number of types of 
welds in a modified DVL machine are reported in Tables 
4 and 5. In Table 4 the different spot diameters were 
secured by different machine settings. The larger 
spots, while having high static strength, do not improve 
the fatigue strength. The pulsating tension fatigue 
strength is '/; to '/; of the static strength. Table 5 
shows that the fatigue strength per spot decreases as the 
number of spots in the joint is increased. It is better to 
place welds one behind the other than one alongside the 
other, which agrees with photoelastic results of Bollen 


@ = duralumin 0.039 in. thick ¢ = magnesium containing 6% Al, 0.039 
b= in. thick rath (Jb. dtsch. Luft.-Forsch., 1, 537 (1937)) and with 
r /spot . . 9 
spot diemeter, in. fatigue tests by Hentzen (Luftwissen, 5, 279-283 (1938)). 
Table 4—Fatigue Strength of Single Spot Welds 
Static 
Thickness, Breaking Pulsating Tension Fatigue 
of Spot Load, Strength (0 to + Max. Stress 
Sheet, Diameter, Lb. per for 10 Million Cycles, Lb. per 
Alloy In. In. Spot Spot 
Duralumin 0.039 0.122 288 88 
Duralumin 0.039 0.212 670 152 
Duralumin 0.039 0.224 720 134 
Duralumin 0.039 0.236 740 143 
Duralumin 0.059 0.236 940 169 
Duralumin 0.059 0). 244 1060 128 
Duralumin 0.079 0.208 660 185 
Duralumin 0.079 0.268 970 273 
Duralumin 0.079 0.331 1610 292 
Alumi ini 
—— 0.059 0.232 610 108 
0:3-1.5 0.059 0.240 695 72 
0 -1.5 Mn } 
- 7% Mg 0.079 0.323 1210 31 
Magnesi ini 
0.039 0.189 304 62 
‘ 6% Al 
Magnesi ini 
containing 0.10 0.394 1825 2)? 
1940 SPOT AND SEAM WELDING LIGHT METALS 309-s 
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Fig. 7—Effect of Tip Load on Breaking Load per Spot for Single-Row, 

Closely Spaced Spots (Spot Spacing = 0.47 In.) in Alclad Duralumin 

0.039 In. Thick. The Three Curves Represent Three Different Trans- 
former Settings 


TYPES OF FRACTURE 

The type of fracture depends primarily on spot diame- 
ter, sheet thickness and type of material. The quality 
of the weld cannot be deduced from the type of frac- 
ture without reservations. In aluminum alloys fracture 
is either by shear or, in large spots or thin sheets, by un- 
buttoning. Occasionally the fracture occurs around 
the slug, which falls out as a lens-shaped button. With 
magnesium alloys, besides shear and unbuttoning, frac- 
ture may occur in the sheet if the spot is small compared 
with the edge distance or spot spacing. In fatigue tests 
fracture occurs by shear in small spots, but through the 
sheets with large spots. Occasionally both shear di- 
agonally across the vertical section of the slug and tear- 
ing of the sheet are observed in duralumin. Fatigue 
cracks in Al-7% Mg alloy always occur at the edge of 
the spot, while in duralumin the fatigue crack occurs a 
short distance outside the weld in the softest region of 
the annealed zone caused by the heat of welding. 


CONCLUSION 
The present report, being based on our own tests, 
cannot be considered a final solution to the problem, 


German Welding Meeting’ 


T A meeting of the German Welding Research 
A Committee at Hanover on April 26th, the papers 

were devoted to the metallurgy of welding, par- 
ticularly steel and light metals. The main paper on 
weldability of steel delivered by Dr. Kiihnel noted the 
fact that the weld metal must be free from cracks but 
deplored the absence of information on the all-important 
question of the composition of high-tensile steels suitable 
for welding without preheating or heat treatment. 
Recent tests conducted by various agencies were re- 
ported showing that silicon exerts practically no harden- 
ing effect if carbon and manganese contents are restricted 
to 0.2 and 0.8%, respectively. But with these restric- 
tions it is impossible to meet specified mechanical proper- 
ties in thick sections. Consequently, some hardening 
is tolerated. Restriction to one composition has had 
the benefit of standardizing on a single type of electrode, 
which was impossible when many types of low-alloy 
steels were used. Tests have shown that the steels 
used in the damaged Zoo bridge were tough in sections 
up to '/, in. thick but exhibited brittle behavior in 
bead-bend tests of specimens 2 in. thick. Tests revealed 


* Extract from Bautechnik, 18, H. 24, 275-276, June 7, 1940. 
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TableJ5—Pulsating Tension Fatigue Strength of Differen; 
Spot Welded Joints in Al-7% Mg Alloy, 0.079 In. Thick 


Pulsating Tension 
Fatigue Strength 
to + Max. Stress 
for 10 Million Cy 
cles 
Lb. Lb 
Spot In.?* 
Type of Joint 


Single spot in two overlapping sheets 231 2600 

A row of two spots perpendicular to the load 134 3000 
and ().59 in. center to center 

Two spots parallel to the load and 0.59 in. 150 3400 
center to center 

Four spots arranged on a square; 0.59 in. 86 3700 


center to center of each spot 


* Based on sheet cross section = 0.079 X 1.2 in. 


which involves electrical engineers, machine designers, 
metallurgists and users of the process. Still less is it the 
final statement of best welding conditions, which depend 
in*‘a very complicated way on local conditions, sheet 
thickness, type of alloy and service requirements of the 
spot welded part, among other things. Nevertheless, 
the report shows that we know the fundamentals neces 
sary for the widespread use of spot welding for light 
alloys. Suitable machines are available, and _ the 
strength of spot welds bears comparison with riveted 
joints. Naturally, the designer will wish tests in service 
as well as in the laboratory before he adopts spot weld 
ing. Service results have been communicated by Hent 
zen and Reichel (Jb. dtsch. Luft.-Forsch., 1, 538(1938 
Their results on duralumin and Al-7% Mg alloys hav 
shown that under static and fattgue loads the spot welded 
part is as strong as the riveted. In fact, aircraft con 
struction is the greatest single field of application oi 
spot and seam welding at the present time, but these 
processes also can be applied to other fields, such as car 
and tank construction. 


similar brittleness in thick sections of steels welded with 
the carbon are without filler rod, although the notch 
impact value of the as-rolled steel was excellent. Steels 
that had been specially refined and normalized before 
welding, however, yielded 90° bead-bend angles, cracks 
occurring in the hard zone, but not suddenly. Fillet 
welds lower the bend ductility of a steel less than a 
single surface bead. 

The arc welding of thick sections was discussed by 
K. Jurezyk, whose conclusions were: (1) The smaller 
the cross section, the smaller are the distortion and 
shrinkage stresses, (2) by suitable choice of weld groove 
the transverse shrinkage across a butt weld can be re- 
duced from 0.16 in. to almost 0.02 in. Narrow grooves 
with parallel walls are the best, (3) angular distortion 
is not always uniform along a joint, despite the rigidity 
of thick plates, (4) uniform preheating and often correct 
peening are utilized to reduce shrinkage stresses, (0 
distortion is reduced by maintaining low heat input 
per unit time. 

A micro-hardness tester built by Zeiss was applied 
by W. Hoffmann and E. O. Bernhardt to welds. W 
Bischof discussed hardening of low-alloy, high-tensile 
steels through welding, K. Tewes discussed the metal- 
lurgy of welds, and P. Brenner dealt with the welding 0! 
light metals. 
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Fatigue Tests of Welded 
Railway Car Joints 


By A. ERKER and T. CLEFF 


ATIGUE failures in railway car frames occur most 
EF frequently in members subjected to combined 

bending and torsion. To determine quantitatively 
the notch effect of different types of welds, bend fatigue 
tests were made on a typical structural element, a 
stiffened channel, Fig. 1, made of low-alloy steel con- 
taining 0.15 C, 0.41 Si, 1.2 Mn, 0.27 Cu, 0.05 Cr, 0.07 P 
+ S welded with heavy covered electrodes. The tensile 
stress in the extreme tension fiber varied from 2800 
lb./in.* to a maximum in all tests. To avoid twisting 
and consequent failure directly under the point of 
application of load, an extension was welded to the center 
of the channel. While the extension in Fig. 2 exhibited 
high stress concentrations at E, these were absent in 
Fig. 3. The dimensions of the channel were: length of 
web = 7.1 inch, length of flange = 2.8 inch, thickness 
of web = 0.32 inch, weight = 14.8 lb./ft. The fatigue 
limits quoted in Table 1 are based on 2 million cycles. 
Foornote: Abstract of ‘‘Untersuchungen iiber die Dauerhaltbarkeit von 
Fabrzeugrahmen,”” Deutsche Kraftfahriforschung, 35, 1939, 26 pages. The 


experiments were conducted at the Materials Testing Laboratory of the 
Technical College of Darmstadt, Germany. 


Figs. 2 and 3—Methods of Applying the Load to the Specimen 
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Fig. 4—Specimen a Having Holes Drilled in the Tension Flange 


Fig. 5—Specimen « with Side Fillet Welds on the Tension Flange 


Table 1—Effect of Drill Holes or Welds on Pulsating Bend Fatigue Strength and Bending Moment of the Channels 


l 
Fig. l1—Front and Rear View of the Specimen 
t 
A 
r Pulsating Bend 
Fatigue Strength, * 
2 X 10® Cycles, 
Specimen Lb. /In.? 

a, Fig. 4, drill holes in tension flange 20,600 
s ¢, Fig. 5, Side fillet welds in tension flange 17,100 
n d, Fig. 6, end fillet welds in tension flange 17,100 
y é, Fig. 7, drill holes near bottom of web 36,300 
t ', Fig. 8, drill holes along neutral axis 36,300 

h, Fig. 9, side fillet weld in web 22,800 

| t, Fig. 10, end fillet weld in web 28,400 
t k, Drill holes in compression flange 36,300 


!, End fillet weld in compression flange 
m, Box girder, intermittent welds 
a n, Box girder, continuous welds 
, Fig. 11, intermittent welded flange plate 
e p, Fig. 12, continuous welded flange plate 


* Difference between upper and lower stress. 


36,300 
about 


11,400 
24,900 


5,700 
about 11,400 


3ll-s 


t Difference between upper and lower bending moment in fatigue tests. 


Section 
Modulus, 


Available 


Bending 


Moment, t 


In. Lb 


Moment 
Bending Comy 


1890 
1560 
1560 
3310 
3310 
2080 
2600 
3310 


3310 

about 640 

about 1280 
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Fig. 6—Specimen d with End Fillet Welds on the Tension Flange 
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Fig. 7—Specimen ¢« with Holes Drilled in Lower Part of Web 
Fig. 8—Specimen f with Holes Drilled Along the Neutral Axis 


-3.6" 


Fig. 9—Specimen A with Side Fillet Welds on Web 


Fig. 1l—Specimen o, Intermittent Welds 
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Fig. 10—Specimen i with End Fillet Welds on Web 
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Fig. 13—Box Section Utilizing Butt Welds 


The stresses are those calculated at the point a at which 
the crack started, assuming that the beam was neither 
weakened nor reinforced. 

The effect of nine modifications to the beam on the 
location of fatigue failure is shown in Figs. 4-12 and 
Table 1. Fatigue failures tended to start at the edge oi 
holes or at undercut in fillet welds, in agreement with 
earlier investigators. Machining of the undercut doubt 
less would have exerted a beneficial effect. The end 
fillet weld in Fig. 10 provided a more gradual transmis 
sion of stress than the side fillet weld in Fig. 9. Con 
verting the channel into a box section by welding a plate 
to the extremities of the two flanges, specimens m and n, 
was not favorable. Intermittent fillet welds in these 
specimens, as well as in the specimens of Figs. 11 and 12 
did not exhibit good fatigue behavior. The fractures in 
the latter specimens started at the edge of the channels 
where calculation showed that the maximum stress 
existed, rather than in the flange plates. Besides the 
weld does not rigidly connect the plate to the flang 
Intermittent welds create abrupt changes in the stress 
pattern which are disadvantageous in fatigue. It 
suggested that tapered, diamond-shaped plates be sub 
stituted for the rectangular plates in Figs. 9 and 10, and 
that box sections be butt welded as in Fig. 15. 


Fig. 12—Specimen p, Continuous Welds 


(a) = Fatigue cracks 
(b) and (c) = Points at which fatigue crack started 
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Summary 


Flux and Friction Solders 


Flux and friction solders are of many compositions. 
Uiten the same solder may be applied with the aid of 
flux only by one investigator, by rubbing without flux 
by another, and by rubbing with flux by a third. The 
processes are different but the solders are the same. It is 
sale to say that a thousand separate compositions and 
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ranges of compositions have been patented or recom- 
mended. 

The zinc content of most aluminum solders is their 
distinguishing feature. Zinc solders often are of the 
pasty type and exhibit good intergranular penetration. 
Zinc is said greatly to facilitate the wetting of aluminum 
by tin-rich solders, although one investigator stated that 
tin has better wetting properties than zinc. Cadmium 
may be particularly suitable for friction soldering and 
imparts corrosion resistance to high-zine solders. Phos- 
phorus is said to break the oxide film and to improve 
fluidity of tin-rich solders. Copper (1 to 3.5%) is added 
to raise the strength without lowering the corrosion re 
sistance. Iron reduces strength and fluidity. Silver 
(2% in 95 Zn-—5 Al solder) raises the corrosion resistance. 
Sodium (0.1%) improves adherence and corrosion re- 
sistance, and like lithium may assist in removing the oxide 
film. Vanadium has been used, and cesium has no effect. 
Solders melting at 180° C. have given satisfaction, al- 
though 200-300° C. seems to be preferable. 

With most aluminum soldering indirect or torch heat- 
ing is preferable to a soldering bit, which is said to be 
applicable only for foil or wire up to 0.004 or 0.020 in. 
thick, on account of the oxide film and the high thermal 
conductivity of aluminum. 


Friction Soldering 


In friction soldering the solder is allowed to melt on 
the preheated part to be tinned. The aluminum surface 
is scratched under the layer of solder by means of a 
soldering bit, wire brush or scraper. Rubbing seems to 
permit tinning to occur. The aluminum must be pre 
heated to facilitate removal of the oxide film, the alumi- 
num being in a soft condition, and to favor intermetallic 
reactions. Several authorities emphasize the importance 
of relatively high temperature (300-450° C.). The 
solder may be high in zinc, or may be 64 Sn-36 Pb or 
Sn-Pb-Bi eutectic. Some use flux in addition to rubbing 
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Flux Soldering 


The first step in flux soldering usually involves etching 
the surface with dilute phosphoric acid, hydrofluoric 
acid, or 25° HNO; with a little HF. After being etched, 
the part is tinned with the same solder as for friction 
soldering, the necessary temperature being 200-450° C. 
Etching is not essential, however. It is sufficient to 
melt an alkali halide flux on the surface with molten 
solder; during heating the solder is observed suddenly to 
spread over the fluxed parts. On the other hand, after 
etching a flux need not be used, or a flux such as stearine, 
designed only to exclude air, may be adequate. 


Wiping Solder 


If the defect to be filled is large, the surfaces are tinned 
with friction solder after which wiping solder is molded 
into the cavity. The wiping solder is conveyed to the 
defect in a pasty condition (250-350° C.). No flux is 
required, but the casting must be preheated if the solder 
is to adhere. 


Reaction Solder 


Reaction solders are mixtures of chlorides of heavy 
metals, such as tin, zinc, lead and cadmium, which are 
spread on the part to be tinned or soldered. Upon heat- 
ing the part, the salts react to form AlCl; and the heavy 
metal or metals. The oxide film being removed by the 
reaction the heavy metals alloy with and tin the alumi- 
num. Reaction solder is applied particularly to stranded 
aluminum cables, which do not require so careful prepara- 
tion as in friction soldering. 


Corrosion 


Literature on the corrosion of soldered joints in alu- 
minum was summarized in an earlier review (Research 
Supplement, AMERICAN WELDING SOCIETY JOURNAL, 
16 (8), August 1937, pp. 36-39). The principal con- 
clusions were that moist air or boiling water swiftly cor- 
roded soldered aluminum, that Sn-Pb solders were 
cathodic to aluminum and therefore decreased the corro- 
sion resistance in 0.1.V NaCl far less than anodic solders, 
which contained 8-75°, zinc, and that blisters were 
likely to form in tinned surfaces in water owing to hydro- 
gen evolution. 


Mechanical Properties 


Comprehensive research at the Bureau of Standards 
in 1923 on 12 commercial and 5 experimental solders 
showed that a good aluminum solder may be relied upon 


Aluminum 


INTRODUCTION 


mittee on Aluminum Solders of the German 

Metallurgical Association’ as the joining or re- 
pairing of heated aluminum or aluminum alloys in the 
solid state at elevated temperatures by means of molten, 
metallic, joining media, with or without flux. Aluminum 
solders are of two general types: (1) the soldering metal 
is derived from a stick (also wire or pellets) of solder and 
is applied with or without flux or rubbing, (2) the solder- 
ing metal is derived partly or wholly from a salt or mix- 
ture of salts. Type | includes flux or soft solders, which 
do not depend on rubbing to remove the oxide film, and 
so-called friction solders, in which the combined action 
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for a tensile strength of 7000 Ib./in.2 Probably the most 
painstaking investigation of the strength of aluminum 
solders was made at McCook Field. It was concluded 
that 3% Cu was satisfactory as 48 Sn-52 Zn and 3% 
Al, 3% Cu, and was better than 3% Al. The highest 
strength was secured with 10° Al which, however, was 
sluggish. Magnesium was of no advantage, and copper 
promoted resistance to aging. Tensile strength ranged 
from 6100 to 11,200 Ib. per sq. in. Most soldered joints 
lost strength upon aging except a few which increased jn 
strength. 


Metallurgical Aspects 


Two actions are involved principally in aluminum 
soldering: 

(a) Penetration of solder through cracks in oxide film 
or aluminum, 

(6) Spreading of solder over the surface of the alumi- 
num. 
The ability of a molten metal to penetrate cracks is in 
creased by lowering the surface tension, which, in gen- 
eral, is lower at a given temperature for metals of low 
melting point than for metals of high melting point. 

The spreading of solder over the surface depends on 
spreading power about which there is no quantitative 
information at present. Solders rich in cadmium, bis 
muth or lead were believed to depend on adhesion (no 
details) and mechanical keying with a roughened surface 
for their strength. Solders rich in tin or zinc, on the 
other hand, depended for strength on alloying. Copper 
in the solder formed CuAl, which improved the strength 
whereas Mg and Fe were believed to form compounds 
with aluminum that were prejudicial to corrosion resis- 
tance. The diffusion of the solder into aluminum during 
heat treatment may occur uniformly or preferentially 
along grain boundaries. 


Soldering Aluminum Alloys 


Aluminum alloys, such as duralumin, are soldered in 
the same way as aluminum itself. Even with solders of 
the lowest melting point, the duralumin is softened to 
about the same extent as in welding. 


Soldering Aluminum to Other Metals 


Aside from the soldering of aluminum to copper con 
ductors and an occasional special application, such as 
soldering steel and brass fittings to 13% Si alloy boxes, 
there are few occasions for soldering aluminum to other 
metals. 


Soldering 


of the solder and rubbing is relied upon to vermit the 
aluminum to alloy with the solder. Type 2 are called 
reaction solders. Either type may be used to make the 
joint or merely to tin the parts preparatory to soldering 
with solders not specially intended for aluminum. Type 
1 solder sometimes is added during reaction soldering 
Wiping solders also have been compounded. 

The attempt has been made to divide aluminum s®l- 
ders according to range of melting temperatures. [he 
classification is not fundamental, because there may oF 
may not be alloying of solder with aluminum regardless 
of melting range but depending upon method of solder 
ing. According to one classification* hard solders ar¢ 
those which melt above 400° C.; soft solders melt below 
400° C. Besides failing to distinguish between different 
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types of solders, the classification permits Holler® to call 
the composition SO Zn-12 Al-S Cu a hard solder. For 
example, unalloyed zine (m. p. = 419.4° C.) is a hard 
solder, according to the hard-soft distinction, whereas 
zine containing 5% Al (m. p. 380° C.) is a soft solder. 
Yet zinc has a lower Brinell hardness than the alloy and 
has less kinship with the aluminum to be soldered than 
the 5°% Al alloy. The classification* which limits hard 
solders to melting points over 520° C. is acceptable, but 
a welding rod for 10% Mg alloy would melt at 520° C. 
Hard solder, therefore, is discarded as a term for the pur- 
poses of the present review. Alloys corresponding with 
hard solders are discussed in the review of literature on 
Welding Aluminum and Its Alloys by Arc, Torch and 
Pressure Processes. 

The qualifications of the ideal aluminum solder, ac- 
cording to Rostosky,’ are: (1) flow at 200° C., (2) ap- 
plied with a soldering tip, (3) non-poisonous, (4) same 
color as aluminum, (5) does not decompose, (6) low 
price, (7) high strength, (8) removes oxide film from 
aluminum without flux. Rostosky did not include high 
corrosion resistance in humid air, perhaps for the reason 
that it was too much to expect even of the ideal solder. 
As G. O. Hoglund points out (private communication, 
May 1940), solder cannot be used successfully for struc 
tural connections in which strength is important. The 
same opinion is held by Brunner,'*! who stated that 
aluminum seldom is used for stator windings of a. c. 
machines or rotor windings of d. c. machines, because 
the numerous joints await development of a reliable 
soldering process. The soldering of aluminum, presum- 
ably electrical conductors, has been forbidden in Ger- 
many.!* 


FLUX AND FRICTION SOLDERS 


Flux and friction solders are of many compositions. 
Often the same solder may be applied with the aid of flux 
only by one investigator, by rubbing without flux by 
another, and by rubbing with flux by a third. The proc- 
esses are different but the solders are the same. A few 
solders are listed in Table 1. Many other long lists have 


been prepared, '* 25, 26, 
thousand separate compositions and ranges of composi 
tions have been patented or recommended. 

The zinc content of most aluminum solders is their 
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distinguishing feature. Zinc solders often are of the 
pasty type* and exhibit good intergranular penetration.” 
Zinc is said™ greatly to facilitate the wetting of aluminum 
by tin-rich solders, although another investigator®' 
stated that tin has better wetting properties than zinc. 
There is said to be an expansion of Al-Zn solders during 
service due to formation of compounds; the expansion 
destroys the joint. Of tin, one investigator*® states that 
it has better fluidity than zinc; another*® states the 
opposite. 

While Rostosky and Liider® state that cadmium does 
not alloy with aluminum, Fuss* assigns to it high power 
for intergranular penetration. Cadmium may be par- 
ticularly suitable for friction soldering,** and imparts 
corrosion resistance to high-zinc solders. Phosphorus 
was an essential constituent of the SnyZng; solder favored 
by Richards,*® the method of adding it as phosphor-tin 
being described by an English writer.* Phosphorus is 
said to break the oxide film®” and to improve fluidity® * 
of tin-rich solders. It does not reduce Al,O3, contrary 
to Coulson-Smith.*” Lead to the extent of 19, sometimes 
is added to improve the corrosion resistance.” Alumi- 
num and lead being immiscible, solders consisting of 
these metals alone are valueless.” Copper (1 to 3.5%) 
is added to raise the strength’ '* *! without lowering the 
corrosion resistance. Iron reduces*! strength and fluid- 
ity. Silver**® (2% in 95 Zn-—5 Al solder) raises the corro- 
sion resistance. Sodium (0.19%) improves adherence 
and corrosion resistance,** and like lithium** and phos 
phorus'*® may assist in removing the oxide film. Vana- 
dium* has been used, and cesium“*has no effect. A mix- 
ture of powdered aluminum and sulfur is explosive and 
never should be used to plug holes in aluminum utensils.'* 

The melting point or range of a solder seems to be 
no criterion of its usefulness. Although it is true, 
Schulze* points out, that solders melting at 400-500" C 
soften cold-rolled aluminum or heat-treated alloys to the 
same extent as welding, it is not necessarily true that 
solders of low melting point (170-260° C.) 
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Table 1—Some Aluminum Solders of the Flux or Friction Type 


Zn Sn Pb Cd Cu Bi - Al Others Reference 
90 2 8 Gee® (1921) 
80-94 6-20 Richards’ (1887) 
75 25 German Prize’ (1923)* 
60 40 Murrough"® (1936)t 
50 46 l 3 : Aluminium Frangais'' and Silman!? (1935) 
25 20 20 15 Russian 1929) 
23 46 8 15 8 Ag Richards’ (1887) 
27 46 9 is German! (1929)f 
48 48 1.5 2.5 Bosshard® (1937) 
20 49 26 le s'/e Sb Gopmann (1936) 
50 50 A little A little Fox'® (1939)§ 
28'/2 50-57 7% phosphor-tin (15° P) 14! May" (1926), not a friction sold 
45-30 55-70 Bureau of Standards (1927 
38 59 3 McCook Field (1922) 
36 61-62 3-2 Russian*® (1938) 
30 70 Perhaps 3 Hewlett and Basch®! (1924 
30 70 Air Service”? (1926) ** 
26 70 2% phosphor-tin 2 Hart? (1914) 
22 73.2 0.5 2.5 1.8 Perhaps  Silman!? (1935) 
0.5 Zt 
: O5 5 Richards’ (1887) 
20 36 44 Edwards and Dix** (1930 


* Flux was ZnCl, and NaCl 

t A friction solder; no flux required. 

t For Al-Mg alloys 

} Flux was yellow dextrine, petroleum jelly, NaCl and MgCl; 
* Did not favor soldering. 
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stroy the oxide film. Given suitable conditions, as in the 
amalgamation of aluminum, the solder can penetrate 
the oxide film. Solders melting at 180° C. have given 
satisfaction,” although 200-300° (over 250° C.* *) 
seems to be preferable. 

Aluminum soldering with zinc or tin was performed” 
in 1855, and with zine or cadmium alloys by Deville’ “ 
in 1859. Zine containing 6-20 Al was used*! in 1880. 
The history of aluminum soldering is replete with mys- 
terious compositions which have been so complicated, it 
seems, that the inventor has considered them beyond the 
comprehension of his readers. There is an aluminum 
solder to join aluminum to copper cables at low tempera- 
tures without flux,” and a solder “better than any yet 
containing at least seven elements.’’* The list®! might be 
extended indefinitely. For example, Schulze“ adds tin 
and cadmium to the Al-Zn eutectic to lower the melting 
point to 300° C., at which ‘‘metallizing’”’ occurs. Phos- 
phorus also is added to raise fluidity and alloyability 
with aluminum—in other words, to lower the surface 
tension so that the solder can penetrate through cracks 
in the oxide film. After the solder has alloyed with the 
aluminum with the aid of wire brushing, lead-tin solder is 
used to complete the joint. 

With most aluminum soldering indirect or torch heat- 
ing is preferable to a soldering bit, which is said to be 
applicable only for foil or wire up to 0.004% > *4 or 
0.020 in.® thick, on account of the oxide film and the 
high thermal conductivity of aluminum. If a soldering 
bit is used, aluminum,” nickel®* or monel™ metal is 
preferable to copper, which deteriorates rapidly in con- 
tact with aluminum solders. The overlap should not be 
so large (not over 0.20 in.®) as in soldering brass or iron, 
because flux is likely to be trapped®* and because alumi- 
num solder has little capillarity.°* Some satisfactory 
types of soldered joints with protectors for aluminum 
electrical conductors are illustrated by Richter, who 
tested a number of joints with good results over a period 
of 20 years. However, Kauffmann!” preferred welding 
with a rod (m. p. = 500° C.) that required no flux to any 
type of soldering for electrical conductors. Radio- 
graphs” of good soldered joints reveal uniform distribu- 
tion of solder. 


FRICTION SOLDERING 


In friction soldering, which was described in 1887’ and 
was preferred by Hoopes*! in 1909 and by others,'* *) * 
the solder is allowed to melt on the preheated part to be 
tinned. The aluminum surface is scratched under the 
layer of solder by means of a soldering bit,** wire brush*: 
55, 62,63 or scraper.** A rotary wire brush®* has been 
used. Rubbing seems to permit tinning to occur. The 
aluminum must be preheated to favor intermetallic 
reactions and to facilitate removal of the oxide film, the 
aluminum being in a soft condition. Several authori- 
ties®* 4° emphasize the importance of relatively high 
temperature (300—450° C.). The solder may be high in 
zinc or may be 64 Sn-36 Pb or Sn-Pb-Bi eutectic.” 
Some'® use flux in addition to rubbing. For example, 
Eyles® melted tallow on the cleaned surface and rubbed 
in a zine rod. If aluminum solder, which is less sluggish 
than zinc, were used, flux became unnecessary.” The 
solder is rubbed in around the crack ‘“‘until you can just 
feel the solder taking hold.’’** Tinned surfaces can be 
sweated together or can be joined with lead-tin solder in 
the customary way. 

The chief applications are the plugging of holes**** 
in defective castings (small defects® in machined, un- 
stressed parts) and the joining of aluminum electrical 
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conductors. Cadmium* may be brushed into the defect. 
or solder® (m. p. = 180° C.) may be rubbed in. A 
Vee’! may be cut, tinned with friction solder and filled 
with the same zinc alloy. Partington!” used a pure zine 
rod for ‘welding’ aluminum castings to avoid cracks. 
A method for soldering terminals to condensers has been 
described.*4 Wire less than 0.059 in. diameter is coated 
with aluminum solder with aid of a scraper shaped to fit 
the wire.”* Wire as thin as 0.020 in. can be dealt with. 
After the wire has been degreased, it may be heated to 
300° C. with a propane torch, rubbed with “‘Metal- 
lizing’”’ alloy, and joined to another tinned wire with tin 
solder.”* Friction soldering is used for 7-wire cables, 
but is too troublesome for 19-wire cables. Aluminum 
cables consume 20°, more soldering time than similar 
copper conductors.’* Schulze'* mentions a device to 
tin wire by passing it through a pasty bath of tinning 
alloy. Wires as thin as 0.039 in. can be tinned free-hand 
at 300° C. with wire brush, spatula or the solder bar it- 
self. Wire 0.008 in. diameter is rubbed with fine glass 
paper and is drawn through a drop of molten solder on a 
hot plate, a light pressure being maintained on the wire 
with the solder bar. Thinner wire, 0.003 in. diameter, 
cannot be heated so high as 300° C., because the accom- 
panying cracking of the oxide skin ruptures the wire. 
Consequently the oxide film must be removed as well as 
possible at lower temperatures, and the joint, while 
satisfactory for small currents, is usually a point contact. 
Any soldered lap joint is improved from the standpoints 
of strength and compactness by flattening the wires to 
secure surface contact. In joining tinned aluminum wire 
to copper wire, Schulze slips a copper sleeve over the 
butted or lapped wires and solders with tin and rosin 
Severe tests by Tonnemacher” on the electric resistance 
of the joint after many heating cycles to 160° C. in dry 
air were satisfactory. A friction-soldered cable (2.65 sq 
in. cross section) subjected to vjbration in service was 
still in service after 20 years. 


FLUX SOLDERING 


A few investigators use flux alone without rubbing. 
Even those who prefer friction soldering are forced to 
rely upon flux soldering when the parts are inaccessible. 
The first step in flux soldering usually involves etching 
the surface with dilute phosphoric acid,"’ hydrofluoric” 
or 25% HNO; with a little HF.* *.*" After being etched, 
the part is tinned with the same solder as for friction 
soldering, the necessary temperature being 200 
400° C.* or 350-450° C.® Etching is not essential, 
however. It is sufficient to melt an alkali halide flux on 
the surface with molten solder;* during heating the 
solder is observed suddenly to spread over the fluxed 
parts. On the other hand, after etching a flux need not 
be used, or a flux such as stearine, designed only to ex- 
clude air, may be adequate.” 

Fluxes are of two types: Type 1 is intended simply to 
exclude air from the solder and aluminum, especially 
during rubbing; Type 2 contains materials which react 
with or etch aluminum, or assist in removing the oxide 
film, perhaps by undermining it. According to Liider,” 
even the best flux cannot dissolve Al,O3; below 450° ©. 
in the short duration of soldering. Type 1 fluxes’* *” 
*2,57 are represented by stearine (not stearic acid, which 
attacks aluminum), paraffin, vaseline, rosin and colo- 
phonium. The following mixtures are representative 0! 
Type 2: 

ZnCl," with some NH,Cl, NaCl and KF; HF and HC! 
are formed as with welding fluxes. 

Stearic acid and HF.** 
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Equal'* parts KCl, LiCl, NaF, BeF,; the beryllium 
salt lowers the effective temperature of the flux.*.°* 

Equal parts ZnCl:, resin and tallow” (or talc). 

Sixty per cent KCI, 30% CaCh, 10% cryolite;* to be 
used with a solder containing 55 Sn, 38 Zn, 7 Al. 

Stearic acid or yellow dextrine with petroleum jelly, 
and Mg and Na halides, with or without sodium sulfate 
or borate. 

KCl, LiCl, NaF, ZnCl won German Prize® in 1923. 

Alkaline AICI;”* with KF, made to paste with alcohol. 

ZnCh, NH,Cl and SnCl..” 

ZnCl, with solder containing 50 Zn, 35 Sn, 15 Ag.* 

A special flux*! containing 45% borax, 45° NaOH, 
10% sulfur has been recommended with a solder con- 
taining 30-40 Pb, 20-30 Cd, 15-20 Zn, 10-15 Al (m. p. 
= 200-300° C.). A number of other fluxes were listed 
in 1922 by Schlosser.*' In the Rutherford-Preston™ 
process the soldering rod containing 75 Sn, 22 Zn, 1 Bi, 
2 Al is coated with a flux containing 25° stearic acid, 
25°% silver sand, 50% phosphor-tin (5% P). Although 
the German aluminum solder prize was awarded in 1923 
to a flux instead of to a solder, fluxes often are not recom- 
mended,** particularly ZnCh,'* on account of difficulty 
of removal and consequent corrosion. Tests for fluxes!’ 
included ability to remove oxide film, fluidity, specific 
gravity and spatter. Few investigators match flux with 
solder. 


WIPING SOLDER 


If the defect to be filled is large, the surfaces are tinned 
with friction solder, for example, 64 Sn-36 Pb" after 
which wiping solder is molded*® into the cavity. The 
wiping solder™.**.**.®.!% may contain 25-50 Zn, 75-50 
Sn, 2.5-15 Al, up to 1.5 Cu, and is conveyed to the defect 
in a pasty condition (250-350° C.). No flux** is required, 
but the casting must be preheated if the solder is to ad- 
here.** A putty knife may be used to pack the solder 
into the hole.**:** Holes in castings '/, in. thick have 
been filled. R. J. Franklin announces (private com- 
munication, April 1940) that he has developed a solder 
with high tin and low zine contents, which is treated 
with an organic acid during manufacture. The solder 
requires no friction tinning, and is merely wiped into the 
cavity. Wiping solders are weak, have'*® low corrosion 
resistance and have been condemned by Painton® and 
Rostosky,*’ who states that the solder becomes brittle 
with age. 


REACTION SOLDER 


Reaction solders, developed in 1899," are mixtures of 
chlorides of heavy metals, such as tin, zinc, lead and 
cadmium, which are spread on the part to be tinned or 
soldered. Upon heating the part, the salts react** to 
form AICI; and the heavy metal or metals. The oxide 
film being removed by the reaction (mechanically by 
evolved AICI; gas,” perhaps), the heavy metals alloy 
with and tin the aluminum.*! Reaction soldering is 
seldom used, according to G. O. Hoglund (private com- 
munication, May 1940), because results are erratic, 
joint design is restricted and remains of unreduced flux 
corrode aluminum. The following compositions have 
been successful. 

Ninety per cent ZnCh, 8% NH,Br, 2% NaF;"* re- 
action temperature = 200° C.'? or 420-430° C.% Heat- 
ing above 430° C. improved penetration, but decreased 
Strength and corrosion resistance. Substituting SnCl, 
for ZnCl, reduced the reaction below 420° C.% If NaF 
were omitted, the joint was less ductile. NH,Cl was pre- 
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ferred to NH,Br, but the slag from the double salt 
ZnNH,Cl was too fluid. 

ZnCl, with powdered tin; reaction 
400° C. 

ZnO + fumes of AICl and NH,C! are 
evolved; the zinc is smoothed with a steel rod before the 
parts are fitted together. 

Forty-five per cent ZnChk, 45°; NH,Cl, 10°) of a mix 
ture of 70 Pb-30 Sn; for dairy equipment.” Otten’* 
uses a mixture of 75°) solder, 25°) chlorides, which melts 
at 350° C. 

KCl, LiCl, AIF; and ZnCl.” mixed to a paste with 
water or alcohol, and applied as a thin layer. The sur 
face to be soldered requires no preparation whatever. 
When the paste melts it immediately cleans; a rod of 
aluminum solder (equal parts of Zn and Sn with a little 
Cu and Pb) is added; reaction temperature is 350° C.; 
soldering is done at 360° C. 

KCl, NH,Cl, NaCl, SnCl. and ZnCh; the ratio of 
SnCl, to ZnCl, is such that the metal is zinc-tin eutectic 
(S-9% Zn). The mixture is hygroscopic and is furnished 
as a paste with wax, petroleum jelly, paraffin or CCl. 
The mixture” ” melts at 175° C.; reaction at 200° C. 
It is applied as a layer 0.04—0.10 in. thick on the wire- 
brushed surface. Sometimes high-tin solder is added 
during the reaction and it is useful to puddle the solder to 
remove slag. 

In another reaction solder the resulting metal contains 
75% Zn, 25% Cd.* In general, the high-tin reaction 
solder™ requires about 200° C., whereas the zince-rich 
solder® requires about 400° C. All solders evolve copi- 
ous fumes. 

Reaction solder is applied particularly to stranded 
aluminum cables, which do not require so careful prepara 
tion as in friction soldering.’* Reaction soldering is not 
applicable’* to wire less than 0.020 in. diameter. In one 
process each wire is tinned separately with reaction sol- 
der; the tinned wires are held in a clamp into which Sn- 
Cd or Sn-Pb solder is poured to form the joint.” '” 
Kramer" reported good results in current and vibration 
tests of these joints. 

In the other process tinning is avoided.’ The wires 
of the cable are spread apart a little, are sprinkled with 
reaction solder and are heated in an asbestos mold to 
400-450° C. Aluminum solder may be added during 
the reaction.” According to Schulze,’* the process is not 
susceptible of close control. If the temperature rise has 
been insufficient, some salt remains in the joint to cause 
corrosion; if overheated, the insulation may be in 
jured. However, Stender'’*® showed that it was possible 
to produce reliable joints between a stranded cable 0.105 
sq. in. across section and a cable shoe with a reaction 
solder (300° C.), if four precautions were observed: 

l. Degrease with benzine and use a wire brush on 
each wire. 

2. Place the reaction solder on the cable before heat 
ing. 

3. Heat the shoe until a test rod of solder melts. 

4. Tap the shoe on all sides to settle the solder. 
Good joints exhibited low potential drop (2-3 m. V.), 
which did not change after 325 days in sea-water spray. 
Joints that were made without observing the four pre- 
cautions exhibited high potential drops (up to 31 m. V.) 
and failed in sea-water spray. 


temperature® is 


SPECIAL METHODS 


To secure improved adherence some investigators 
have electroplated the aluminum with copper,” 
nickel,’ or iron.’ According to Balley,'” lap joints (1.2 
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in. overlap) in nickel-plated aluminum 0.059 in. thick, 
*/, in. wide broke outside the joint at 660 Ib. in tensile 
tests and could be bent 90° at the joint without peeling. 
However, others have had difficulty in securing a coat- 
ing that would withstand the heat of soldering. To 
solder together glass plates, Long** sprayed them with 
aluminum, then with copper and soldered with lead-tin 
solder. In axial tension the joints exhibited strengths 
up to 2100 Ib./in.*, failure occurring at the copper- 
aluminum junction. A material called Cupal (a layer 
0.003 in. thick of copper on aluminum) is available which 
is particularly suitable’ for soldering. Silver solder has 
been used for aluminum, but is not entirely satisfac- 
tory. For thick parts May” used a solder containing 
50 Al, 33'/3 Sn, 16*/3; Zn and fused the surface of the 
aluminum during soldering. The method thus resembles 
welding. It is possible to screw brass inserts’ into the 
surface to be soldered and to solder to them, but it is 
scarcely good judgment to pour lead''® into a mold sur- 
rounding the joint and cool it rapidly. In a special 
method developed by J. W. McNamee (private communi- 
cation, May 1940) a flux is used at 150° C. to clean the 
aluminum; the cleaning permits the aluminum surfaces 
to be joined without added metal (no details). 


CORROSION 


Literature on the corrosion of soldered joints in alumi- 
num was summarized in an earlier review (Research 
Supplement, AMERICAN WELDING SOCIETY JOURNAL, 
16 (8), August 1937, pp. 36-39). The principal conclu- 
sions were that moist air or boiling water swiftly cor- 
roded soldered aluminum, that Sn-Pb solders were 
cathodic to aluminum and therefore decreased the corro- 
sion resistance in 0.1. NaCl far less than anodic solders, 
which contained 8-75° zinc, and that blisters were 
likely to form in tinned surfaces in water owing to hy- 
drogen evolution. No information has appeared since 
the previous review to suggest changes in or additions to 
its conclusions. 

If soldered aluminum joints in aluminum electrical 
conductors are protected adequately from corrosion they 
exhibit practically no deterioration in twenty years, as 
Richter® showed and G. O. Hoglund confirms (private 
communication, May 1940). After 325 days in sea- 
water spray, unprotected reaction-soldered cable shoes 
exhibited only superficial corrosion if they were properly 
made, but were seriously corroded internally if all solder- 
ing precautions were unheeded in Stender’s'* tests, 
which were not prolonged to failure of the unprotected 
joints. A Zn-Al eutectic solder containing some Cd, Sn 
and P compounded by Schulze*® showed no loss in 
strength as a soldered joint in 99.59% Al after 44 hr. in 
boiling water. The appearance of the joint (no details of 
dimensions) was not described, nor was the test pro- 
longed. Usov'!'! reported —0.83 volt as the electrode 
potential at 20° C. of a solder containing 55 Sn, 43.5 Zn, 
1.5 Ag in 39% NaCl. In accordance with expectations, 
Bauer, Kréhnke and Masing* reported bad attack of a 
solder containing 30 Cd, 70 Zn after 1'/2 years in aerated 
3% NaCl, the aluminum being unattacked. Thews*! 
observed that Sn-Zn solders containing 10-20% Al dis- 
integrate rapidly in moist air. Friction-soldered butt 
joints (solder contained 70 Sn-30 Zn) having a tensile 
strength of 14,000-15,000 Ib./in.* were reduced in 
strength to 10,000—12,000 Ib./in.* by exposure to salt 
spray for 2 weeks, according to Hewlett and Basch.*! 

Three investigators have recommended tests to evalu- 
ate the relative corrosion resistance of aluminum solders. 
According to a test proposed!" in 1913 the joint is placed 
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in water; if bubbles of hydrogen form within 48 hr., the 
joint will not withstand more than a few months jy 
moist air. In the test suggested by Edwards and Dix 
a lap joint in aluminum (2S) '/s in. thick, 1 in. wide, 1 in 
overlap is immersed completely in 59% CaCl or 1% Na 
Cl, 1% CaCl solution. The first solution is generally 
the more severe (equivalent to 20% NaCl spray) al 
though solders do not always exhibit the same behavior 
in both solutions. Joints soldered with zinc withstood the 
salt spray over a year without falling apart, while joints 
made with solder containing 60 Sn, 40 Zn came apart 
after 100 days in 5% CaCle solution. A German test* 
involves placing a lap joint (0.20 in. overlap) in alum 
num sheets 0.039 in. thick in boiling 3°% NaCl solution 
Poor solders fail in 7-8 hr.; exceptionally good solders 
fail in 70 hr. 

Most investigators'**''® condemn aluminum solder 
for its low corrosion resistance. Entrapped slag” or 
ZnCl," is particularly harmful to reaction or flux solders 
Satisfactory results outdoors have been secured from 
lap joints in which only the edges of the lap were exposed 
and in which there were no pockets to trap moisture, 
according to G. O. Hoglund (private communication, 
May 1940). 

In Sn-Zn-Al-Pb solders all the metals appear sepa 
rately, which is disadvantageous™ from the corrosion 
view-point. In fact, a pure metal is said by some to ex 
hibit better corrosion resistance as an aluminum solder 
than an alloy. Thus, tin yielded better results than tin 
alloys in tests by Bauer, Kréhnke and Masing.** Re 
action solders depositing Zn alone have good corrosion 
resistance, according to Silman.'* Edwards and Dix*' 
stated zine has better corrosion resistance as a solder 
than Zn-Cd alloys, which in turn are superior to Sn-Zn 
solders. However, as Coulson-Smith® pointed out, high 
tin solders are likely to be free from severe electrolytic 
action, because corrosion is spread uniformly over the 
large exposed area of aluminum. Bosshard” states that 
Zn-Sn solders have better corrosion resistance than Cd 
Sn, especially if lead is present in’? the former. After 
heat treatment at 500-600° C. joints soldered with cad- 
mium had good corrosion resistance, according to Fuss. 

Adequate protection of the soldered area from corro 
sion is essential, according to A. S. T. M. Committee 
B7''* and the previous review. Soldered joints cannot 
be anodized.' Among many means for protection, such 
as paint (varnish may crack under the heat developed 
at electrical joints) and metal guards, metal spraying'” 
with aluminum appears more promising than coating 
the aluminum solder with another solder of higher corro 
sion resistance.** 


MECHANICAL PROPERTIES 


Comprehensive research at the Bureau of Stand 
ards'” in 1923 on 12 commercial and 5 experimental 
solders showed that a good aluminum solder may be 
relied upon for a tensile strength of 7000 Ib./in.* Joints 
were rarely as strong as cast bars of the solder, probably 
because the joints were defective or had stress concen 
trations, and copper, antimony and excessive alum 
num reduced the ductility. For example, a butt joint 
in aluminum bars 2 in. diameter made with a solder 
containing 62 Sn, 15 Zn, 11 Al, 8 Pb, 3 Cu, 1 Sb (thick 
ness of solder layer not stated) developed a tensil 
strength of 4500 Ib./in.*, with 2°% reduction of area anc 
2% elongation in 4in. (failed in solder). The results wer 
not so high as those secured by Bauer’ in the Germa: 
prize competition. The best solder and flux developed 
12,800 Ib./in.? in lap joints (0.08 or 0.24 in. overlap) in 
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aluminum sheet 0.08 in. thick; the worst failed at 6000 
ib./in.2 Bend angles on lap joints (0.24 in. overlap) in 
sheet 0.08 in. thick were 140° for good joints, less than 
20° for bad. 

Lap joints (0.32 in. overlap) in hard-rolled Al and 5°; 
Cu alloy 0.04 in. thick having tensile strengths of 13,000 
and 32,000 Ib./in.*, respectively, were secured by R6éh- 
rig'® (see Tables 48 and 49, Research Supplement, 
AMERICAN WELDING SOCIETY JOURNAL, 16 (8), August 
1937, p. 37). Without stating the overlap, which, of 
course, governs the strength of the joint, Schulze* was 
able to secure joints fracturing outside the soldered area 
in aluminum and duralumin at 17,000 and 46,000 
lb./in.?, respectively, although in cast form the tensile 
strength of the solder was only 4300 Ib./in.? An English 
writer! also forced fracture of soldered duralumin tub 
ing to occur outside the joint probably by selecting a long 
overlap. Perhaps similar considerations account for 
the high strength, 43,000 Ib./in.*, quoted by Sterner- 
Rainer,'” and 45,000 Ib./in.? by Holler* for 80° Zn 
solders. Joints made with wiping solders had only 1400 
to 8500 Ib./in.* tensile strength in Holler’s* tests. 


Table 2—Tensile Tests of Lap Joints Made with Zn-Sn 
Solders at McCook Field!’ 


Elements in Addition Tensile Strength, Tensile Strength, 


to Zn-Sn in Lb./In.? as Lb. /In.? 

40:60 Ratio, % Soldered Aged 12-28 Days 

None 7500 5500 

3 Al 6500 5R00 

5 Al 7900 5900 

10 Al 10200 8900 

3 Al, 1 Cu 6800 6400 

3 Al, 3 Cu 8300 9300 

5 Al, 1 Cu 6300 6400 

5 Al, 3 Cu 8000 6800 

10 Al, 1 Cu 11200 7300 

10 Al, 3 Cu 6300 5300 

1 Cu 8000 7800 

1 Cu 8400 9400 

3 Cu, 0.5 Mg 7100 5400 

3 Cu, 0.5 Mg 6500 6900 

47.9 Sn—52.2 Zn 6100 4800 


Probably the most painstaking investigation of the 
strength of aluminum solders was made at McCook 
Field in 1922, Table 2. The solder was rubbed into 
each member separately (small oxyacetylene torch, 
neutral flame, annealed Al sheet !/s in. thick) with a 
hack-saw blade. After an additional lump of solder had 
been melted on each, they were clamped together with 
‘/g-in. overlap (specimens 1 in. wide). The results from 
six separately soldered specimens were averaged for 
each value in Table 2. In only a few of the specimens did 
the solder peel from the sheet. It was concluded that 
3°> Cu was as satisfactory as 48 Sn-52 Zn and 3% Al, 
3% Cu and was better than 3% Al. The highest 
strength was secured with 10% Al, which, however, was 
sluggish. Magnesium was of no advantage and copper 
promoted resistance to aging (no details). 

In support of Brauer and Lehmann’s*™ advice that 
soldering never should be permitted on stressed parts, 
Reininger™ found that 6000 Ib./in.? was the maximum 
strength of any soldered joint he had tested. Aluminum 
Industry** reported 6000 to 7100 Ib./in.? as the strength 
of soldered joints made with three solders containing 
63-68 Sn, 17-50 Zn with other minor additions. An 
other aluminum authority'*' reported 4300-12,S00 
lb./in.? Daniels*? relied upon soldered joints for a shear 
Strength of at least 7000 Ib./in.* (70 Sn-30 Zn). G. O. 
Hoglund emphasizes (private communication, May 


1940) that the strength of soldered joints depends on 
their type and design, and states that a lap of three or 
more times sheet thickness is used generally with the 
common alloys. 


METALLURGICAL ASPECTS 


Examination of polished sections of a number of 
soldered joints in aluminum demonstrated that in 
some (solders 1, 7, 8 and 10, m. p. 130-360° C 
Table 48, Research Supplement, AMERICAN WELDING 
SOCIETY JOURNAL, 16 (8), August 1937, p. 37) there was 
a film of oxide separating the solder from the aluminum 
In others (solders 7 and 10) there were patches in which 
the aluminum surface had been ‘“‘etched’’ by the solder 
Solder 5 (76 Zn, 15 Al, 8 Cu) and possibly 6 and 9 ex 
hibited “‘fusion”’ with the aluminum. Others” have 
made similar observations. These observations suggest 
that two actions are involved principally in aluminum 
soldering: 

(a) Penetration of solder through cracks in oxide film 
or aluminum. 

(6) Spreading of solder over the surface of the alumi 

num. 
The ability of a molten metal to penetrate cracks is in 
creased by lowering the surface tension, which, in general 
is lower at a given temperature for metals of low melting 
point than for metals of high melting point. Thus tin at 
its melting point has a lower surface tension than zinc 
or lead at their melting points. However, bismuth at 
269° C. and antimony at 640° C. have lower surface 
tensions than any other common metals. Consequently, 
tin-rich solders should be superior to others from stand 
point (a). However, the high seldering temperature re 
quired by zinc-rich solders improves the possibility of 
rupturing the oxide film, which, doubtless, is brittle. 
Experience taught Schulze'® that at 300° C. the oxide 
film cracks due to thermal stresses, and that at lower 
temperatures removal of the oxide film by rubbing is not 
complete. 

It should be pointed out that none of the soldering 
metals and few, if any, of the constituents of fluxes 
react with aluminum oxide at soldering temperatures. 
In reaction soldering there may be a large local increase 
in temperature which would favor reaction of flux with 
aluminum oxide, but no information about the possible 
reactions is available. 

The spreading of solder over the surface depends on 
spreading power about which there is no quantitative 
information at present. Spreading power is referred to 
as ‘‘alloyability’’ by some writers®:'** who state that it is 
not observed in aluminum until the temperature has 
risen to 250-300° C., despite the contradictory fact that 
aluminum can be amalgamated under suitable condi 
tions at room temperature. Rostosky and Liider 
place more importance on the temperature at which 
alloying begins (no details) than on melting point 
Once the solder-has made contact with aluminum its 
spreading power may depend on the heat of solution of 
aluminum in the molten solder and of the constituents of 
the solder in solid aluminum. High heat of solution 
might favor rapid spreading. Little is known quantita 
tively about heats of solution and all that can be said is 
that the heat of solution is usually small for metallic 
systems but is likely to be larger for systems involving 
compounds than for other systems. 

Concerning wetting of aluminum by solders there are 
two contradictory statements. According to Rohrig 
zine greatly increases the ability of tin to wet aluminum 
whereas Thews*' states that tin-rich solders wet alumi 
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num to a greater extent than zinc-rich solders, the term 
“wetting” being used in a vague sense by both writers. 
Spreading power was determined by Bauer’ with the aid 
of a block of aluminum 4 in. square, 8 in. long. The up- 
per surface was milled and wire brushed. The block was 
heated from below, its temperature being measured by 
means of an embedded thermocouple. On the upper 
surface 1 gram of solder and its appropriate flux were 
placed and spread with a filed, preheated steel rod. After 
the temperature had been raised to 500° C. the area 
covered by the solder was measured (time not stated). 
The best solder-flux combination spread over 31 sq. in., 
the entire surface of the block. Pagé* stated that tin- 
rich solders have poor fluidity, which was improved by 
phosphorus, whereas Reininger* observed that tin-rich 
solders have better fluidity than zinc-rich solders. 

In Reininger’s* opinion soldering depends on the for- 
mation of solid solutions. Solders rich in cadmium, bis- 
muth or lead were believed to depend on adhesion (no 
details) and mechanical keying with a roughened sur- 
face for their strength. Solders rich in tin or zinc, on the 
other hand, depended for strength on alloying. Copper 
in the solder formed CuAl, which improved the strength, 
whereas Mg and Fe were believed™'® to form com- 
pounds with aluminum that were brittle and were prej- 
udicial to corrosion resistance. Thews!* believed that 
CuAl, increased “‘solvent capacity and diffusibility.”’ 

The diffusion of aluminum from a molten alloy con- 
taining 40 Al, 60 Zn into zine at 610-710° C. and from a 
molten alloy containing 14.5 Al, 85.5 Sn into tin and 
zine-tin alloys at 560-660° C. was studied by Merz and 
Imbusch'** using methods that could have been im- 
proved in several respects. Aluminum diffused most 
rapidly into tin, least rapidly into zinc. The rate of 
diffusion of aluminum into the alloys was intermediate 
between the pure metals. It was concluded that junc- 
tion of solder with aluminum should increase in rapidity 
as the tin content of the solder increased and as the 
temperature was raised. Nevertheless, no attempt was 
made to show that the diffusion of aluminum from one 
liquid alloy into another was the factor controlling the 
spreading of solder on aluminum. In fact, it very 
likely is not the most important factor, the oxide film 
among other factors being more important. Without 
presenting evidence, Merz and Imbusch and other in- 
vestigators’* stated that zinc diffuses more rapidly than 
tin into solid aluminum. According to one authority** 
cadmium does not diffuse appreciably into aluminum 
below 620° C., which is not in agreement with Fuss,** 
who observed diffusion of cadmium solder into aluminum 
during heat treatment at 500—-600° C. 

The diffusion of the solder into aluminum during heat 
treatment may occur uniformly or preferentially along 
grain boundaries. Either type of diffusion is believed® 
to increase the strength. Fuss** was surprised to find 
no trace of the reaction solder in a joint that had been 
heated 8 hr. at 200° C. Presumably diffusion was nearly 
complete. Examination of a reaction soldered joint 
(mixture of ZnO and NH,Cl) by Rohrig and Borchert” 
revealed that the resulting solder was a Zn-Al alloy, 
aluminum dendrites extending from the aluminum into 
the solder. Evidence of intergranular penetration was 
detected. The depth of intergranular penetration in- 
creased from 15yu as-soldered to 71u after 3 hr. at 200° C. 
and to 191 after 81 hr. at 200° C. No change in the as- 
soldered structure was observed after 8 hr. at 150° C., 
but 8 hr. at 300° or 350° C. created deep intergranular 
penetration. Since intergranular penetration was not 
observed with tin alone, but was observed with 2.5°% Zn 
added to tin, it was concluded erroneously that inter- 
granular penetration required the formation of solid 
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solutions. Strange to say, as the zinc content of the 
aluminum sheet in which the joints were prepared was 
increased from 3 through 5 and 7 to 10%, intergranular 
penetration of Zn solder was observed only in the 3°, 
Zn alloy. Only uniform diffusion was observed in the 
other alloys even after 24 hr. at 200° C. Although 
Rohrig and Borchert stated that the solid solubility of 
Zn in Al was less than 5°, it is now known to be 9 to 
12% at 200° C. Hence their explanation is invalid al- 
though their results are interesting. Intergranular pene- 
tration was observed in cold-rolled aluminum and in cast 
aluminum. It may be that tensile shrinkage stresses may 
account for intergranular penetration. Reininger® stated 
that 6 hr. at 300-330° C. was sufficient completely to 
homogenize a tin-soldered joint; similarly 3 hr. at 450 
480° C. was sufficient for zinc-soldered joints. The depth 
of the diffusion zone was stated to be 0.04 in. with tin, 
0.08 in. with zine. It was believed that maximum strength 
was attained when the diffusion zone was 0.04 in. deep, 
but there was no supporting evidence. 

The embrittlement of soldered joints in service is 
usually thought to be an effect of corrosion, but Ros- 
tosky* and Thews*® attributed it to formation of Al-Zn 
compounds (Al,Zns) which expand upon formation (de- 
composition of beta phase to alpha plus gamma in Al-Zn 
alloys involves a decrease in volume) while another in 
vestigator®* attributed it vaguely to Al-Sn compounds 
Despite the supposed expansion of AlZn3 on decompos- 
ing Thews maintained that the unusual adherence of 
zine-rich solders is due in some way to the compound 
above 260° C. Instances of cracking of soldered joints 
due to penetration of solder have been observed by G. O. 
Hoglund (private communication, May 1940). 


SOLDERING ALUMINUM ALLOYS 


Aluminum alloys, such as duralumin, are soldered in 
the same way™'* as aluminum itself. The special 
solder for Al-Mg alloys, Table 1, is of the same type as 
other aluminum solders. However, G. O. Hoglund (pri 
vate communication, May 1940) states that aluminum 
alloys containing magnesium are difficult to solder re- 
gardless of the solder or flux. Commercially pure alumi- 
num or aluminum-manganese alloys are best from the 
soldering and service standpoints. Penetration of solder 
into metal, which may exceed */;. in. with some alloys 
or under some conditions of strain, is particularly trouble 
some with wrought aluminum-copper alloys and causes 
low strength and poor corrosion resistance. Surface 
etching or exposure to normal weather, otherwise unim 
portant, may create soldering difficulties with some 
alloys. Depth of penetration and wetting action also 
vary with composition of base metal. Even with solders 
of the lowest melting point, duralumin is softened** to 
about the same extent as in welding. For example, 
Oettel'!** showed that the zone near a soldered joint in 
duralumin was 70 Brinell, compared with 85 for un 
affected metal. An English paper'” stated that friction 
soldered joints (15-50% Zn, remainder Sn) had 25% ot 
the tensile strength of base metal. The softening ac 
counts for the desire to avoid soldering for heat-treated 
or cold-rolled alloys.'* Nevertheless, failure can be 
forced outside the joint,“ presumably by providing 
sufficiently large joints. 


SOLDERING ALUMINUM TO OTHER METALS 


Aside from the soldering of aluminum to copper con 
ductors®' and an occasional special application, such as 
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soldering steel and brass fittings to 13° Si alloy boxes, '” 
there are few occasions for soldering aluminum to other 
metals. G. O. Hoglund (private communication, May 
1940) mentions soldered joints of copper to aluminum in 
transmission lines, which have not deteriorated in 20 
vears. As a general rule, Bosshard® and Schulze“ use 
reaction solders, whereas Pagé* coats Al with Zn by 
rubbing, then melts a layer of 70 Zn-30 Al alloy on the 
zine and clamps the parts together for sweating. 

In tests by Holler* and Maier, joints composed of 
aluminum soldered to iron, copper or lead (0.16-inch 
plate) by means of tin solder were exposed to the atmos- 
phere or fully immersed in tap water (170 mg. chloride 
per liter) or a solution of 3% NaCl in tap water for 2 
months. Atmosphere and tap water had little effect, 
but the salt solution destroyed all the soldered joints in 
9 days, as shown by complete loss of tensile strength. 

the aluminum is tinned 
with aluminum solder, the copper is tinned, any ZnCl, 
flux being washed** off, and the two tinned surfaces are 
sweated together with tin or solder. The process is ap- 
plicable to wire 0.039-0.10 in. diameter and to sheet and 
plate up to at least 0.20 in. thick. Holler* prefers silver 


solder to aluminum solder for reasons of simplicity. No 
tinning is required, although flux must be used. The 


silver solder is applied first to the copper part. As soon 
as the silver solder touches the aluminum an intimate 
junction is secured. Sound but complex microstructures 
were observed. 

Brass.—Holler* recommends silver solder, butt joints 
in plates 0.20 in. thick having tensile strengths up to 


7100 Ib./in.* Similar soft-soldered joints were up to 
6500 Ib./in.* To solder '/9-in. brass bars to Al castings 


Buckingham'*! melted solder (equal parts of tin, phos- 
phor-tin, zinc and beeswax) on the hot casting. The 
brass was tinned with 50 Pb-50 Sn solder, was clamped to 
the casting and was sweated to it withatorch. Emigh'* 
tinned an aluminum cable (1 million circular mils) with 
80 Sn-20 Zn solder using stearic acid flux, before inserting 
the tinned end into a brass terminal into which electrical 
solder was poured. The joint had been in service 12 
years without trouble. Soft-soldered joints between 
aluminum and brass exhibited® no deterioration after 8 
years in dry air. Friction-soldered joints'** are not 
vacuum tight. 

Steel.—Ordinarily® !*® both steel and aluminum are 
tinned, the tinned surfaces being soldered or sweated 
together in the usual way. A solder containing 48 Zn, 

Al, 15 Cd, 7 Sn, 5 Cu has been recommended.'** 
A soft-soldered joint of aluminum to steel was stated 
by an engineering journal’ to have failed in a tensile 
test at 13,500 Ib./in.* Holler* quoted 4300-8500 Ib. /in.* 
as the tensile strength of butt joints in steel that had been 
tinned before being soldered to Al with Al solder. Simi- 
lar joints with 18-8 0.12 in. thick instead of mild steel 
had tensile strengths of 11,400—12,500 Ib./in.* It was 
necessary to coat the steel with solder for a short dis- 
tance back of the joint and to provide liberal reinforce- 
ment. 

Lead.—FEither the lead can be etched with acetic acid!” 
and soldered directly to the aluminum with aluminum 
solder, or the aluminum can be tinned with friction 
solder and the joint'*® completed with lead-tin solder. 
It is possible’ also to tin the lead with lead-tin solder and 
to complete the joint with aluminum solder. 

Other Metals.—Holler* soft soldered aluminum to zinc 
0.12 in. thick by coating the zinc with lead-tin solder and 
completing the joint with aluminum solder. Nickel 
0.20 in. thick is tinned before aluminum soldering, the 
tensile strength of the butt joint being 11,400 lb./in.* 
Similar joints in monel metal 0.20 in. thick had a tensile 
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strength of 4700-6400 Ib./in.*; the low strength com 


pared with nickel was attributed not to porosity but to a 
brittle copper-rich layer adjacent to the monel metal 
Butt joints in sheet 0.039 in. thick were made more 
rapidly than in 0.20-in. plate, the copper-rich layer was 
absent, and the strength rose to 11,400—14,200 Ib. /in.’ 
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SUGGESTED RESEARCH PROBLEMS 


1. The oxide film on aluminum appears to be the 
main obstacle to soldering. It is not clear whether the 
film is broken away mechanically, is undermined by 
solder penetrating through cracks in the film and spread 
ing along the oxide-aluminum interface, or is thinned 
and eventually is dissolved completely by the flux. In- 
vestigations of the following subjects might provide an 
insight into the essential features of aluminum soldering 
(a) condition of the oxide film at several stages in each of 
the principal soldering processes—flux, friction and re- 
action at different temperatures and different initial 
conditions of the surface; (>) reactions between alumi- 
num oxide and metallic constituents of the solder; (c) 
reactions between aluminum oxide and constituents of 
the flux, including possible action of electrolysis similar 
to its action in the amalgamation of aluminum. The 
effects of alloying elements in aluminum, particularly 
magnesium and copper, on the composition and physical 
state of the oxide film also should be investigated. 

2. The generally unreliable corrosion resistance of 
soldered joints in aluminum has been established, but 
tests are required to enlarge the possible range of condi- 
tions under which soldered joints may be used with con 
fidence. In particular, more information is required on 
the effectiveness of different methods of protecting the 
soldered joint from corrosion, for example, insulation, 
paint, spraying with aluminum. 

3. The penetration of molten solders into aluminum 
requires investigation. The effect has been observed but 
the conditions of stress and temperature required to 
cause the penetration seem to be a matter or conjecture. 
Tests might be made in which aluminum bars were sub- 
jected to known stress while immersed in molten metals of 
different composition at different temperature. Alloys 
of the type shown in Table 1 might be suitable for the 
tests. The nature and extent of the penetration in a 
given period with or without rubbing the surfaces could 
be estimated from metallographic examination or me- 
chanical tests. 

4. Apart from possible reaction of soldering flux with 
the oxide film on aluminum, there is the possibility of 
reaction between some flux constituents and aluminum. 
For example, it is certain that ZnCh, SnCh, NH,Cl and 
stearic acid react with aluminum. The rate of the re 
actions at different temperatures should be studied as 
well as the propagation of the reaction at an oxide 
aluminum interface. 
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TEMPERATURE DISTRIBUTION AND 


shrinkage Stresses in Arc Welding 


By D. ROSENTHAL“ and J. ZABRS 


SUMMARY 


a steel plate, it is relatively simple to establish 

a relationship between the temperature distribu- 
tion created by arc welding and the resulting shrinkage 
stresses. Owing to shrinkage, two zones are found in 
the specimen: the zone of plastic deformation close to 
the weld and, farther away, the zone of elastic deforma- 
tion. In both zones the maximum elongation occurs at 
an edge of the plate. Whatever the temperature dis- 
tribution during welding, the shrinkage stress at the 
welded edge is in the vicinity of the elastic limit of the 
steel. The shrinkage stress on the edge opposite the 
weld increases with increase in intensity of the welding 
heat and is approximately proportional to the power of 
the arc, expressed in watts. On the other hand, the 
speed of advance of the electrode, within the limits of 
customary manual welding, has no appreciable effect on 
shrinkage stress. The conclusion is reached that shrink- 
age stresses are decreased by decreasing the heat input. 


W:« a weld bead is deposited along one edge of 


THE PROBLEM 


Recent experience has shown that it is essential for the 
safety of welded structures to evaluate the secondary 
stresses in them. In other words, we must estimate the 
difference between the real stresses and the stresses com- 
puted by the customary methods of structural design. 
Fractures recently observed! emphasize that not only 
must the secondary stresses resulting from design of the 
structure be estimated, but also the stresses created dur- 
ing fabrication and erection. Experience shows that 
the most important of these secondary stresses are the 
stresses arising during the shrinkage of the steel after 
welding. 

At once we see that temperature distribution is a deter- 
mining factor in the problem of shrinkage stresses. Yet 
despite its obvious importance, this factor to our knowl- 
edge, has never been the subject of systematic investiga- 
tion. Published reports’? merely have noted that the 
temperature distributions created by the different weld- 
ing processes (torch, arc, atomic hydrogen) affect the 
shrinkage stresses. Previous investigations have not 
been directed toward evolving a quantitative relationship 
between shrinkage stresses and the factors which create 
them. 

Lacking such a relationship, the conclusions that have 
been formulated have limited application. Their prac- 
tical application often leads to contradictions and there- 

* Dr. Rosenthal was in charge of the Materials Testing Laboratory of the 
Université Libre de Bruxelles where the research was conducted under the 
auspices of the Fonds National de la Recherche Scientifique—Science et Indus 
trie, and the Arcos firm of Brussels. The report is Research No. 122 of the 


Belgian Welding Research Committee; permission for its publication was 
Translated by 


granted by the Fonds National de la Recherche Scientifique 
Claussen 
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fore, has been quite restricted. The present research is 
intended to avoid the danger of restricted application, 
and to establish the relationship which exists in are weld- 
ing between shrinkage stresses and temperature distribu- 
tion. The factors upon which the temperature distribu- 
tion depends are varied systematically. 


Choice of Variables 


Earlier studies**> have shown that the variables are 
easily susceptible of control when a bead of weld metal is 
deposited along one edge of a flat plate, Fig. 1. Accord- 
ing to the earlier investigators, if the bead is sufficiently 
long compared with the width of the plate, and if the 
dimensions and characteristics of the plate are maintained 
constant, the temperature distribution and especially 
the maximum temperature attained at every point of the 
plate depend on two factors‘ only: 

1. The quantity of heat per unit time supplied to the 

plate or, what amounts to the same thing, the 
power, W, of the arc inewatts, t 

2. The speed of advance of the electrode, Va. 

If these two factors remain constant in the course of an 
experiment, the same distribution of temperature’ is 
set up in all transverse sections of the plate, except in the 
immediate vicinity of the beginning and end of the bead 
Similarly, in the zones sufficiently distant from the ends 
A and B of the plate the transverse shrinkage stresses, 


t Assuming that the proportion of the arc heat supplied to the plate is con 
stant; see section on Temperature Distribution and Shrinkage Stre 


Fig. l1—Method of Welding the Specimen 
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Fig. 2—Specimen with Stiffeners 


that is, the stresses perpendicular to the X axis, are negli- 
gible. To characterize the state of stress, then, it is 
sufficient, in principle, to measure the longitudinal 
changes of length, 6,, in the direction of the bead. From 
this view-point the problem is to determine at each point 
sufficiently distant from the ends A and B the variation 
of longitudinal change in length, 6,, as a function of two 
variables: (1) power, W, of the arc and (2) speed of ad- 
vance, V,, of the electrode. 


Specimens 


The ordinary mild steel used for the specimens was 
annealed at 680° C. followed by very slow cooling in the 
furnace to relieve stresses.{ After the shrinkage stresses 
were measured, the mechanical properties of each speci- 
men were determined. The average values for the nine 
specimens were: elastic limit = 33,900 Ib./in.? (range 
was 31,000 to 37,900 Ib./in.*); tensile strength = 55,200 
Ib. /in.* (range was 53,500 to 57,600 Ib./in.*); elongation 
= 33.4% (range was 28.6 to 35.15%). The properties 
were determined both at the edge opposite to the weld 
and in the center of each specimen. 

Of the two types of specimens that were used, the first 
was intended for later fatigue tests. It had stiffeners 
under the loads, Fig. 2, and was machined from a single 
plate. The second type was of uniform thickness and 
was used only for measurements of shrinkage stresses, 
Fig. 1. It was found that the stiffeners in Fig. 2 had 
no appreciable effect on shrinkage stresses. 


Method of Welding 


The weld was deposited without interruption in a 
single pass, 24 in. long, starting 0.79 in. from end A, Fig. 
1. A single type of covered electrode (Veloxend) was 
used in all tests, but it was necessary to use different 
diameters to permit different currents to be selected, 
Table 1. The following measurements were made dur- 
ing welding: 


t We acknowledge the assistance of the Laminoirs & Tréfileries de Hal in 
annealing the plates in luted boxes 


Table 1—Details of Welding (Length of Bead = 24 In.) 


1. Current, J, using a recorder supplied by the Société 
Arcos of Brussels (the current remained prac- 
tically constant during each experiment). 

2. Voltage, V, measured between electrode holder 
and specimen. There were considerable varia- 
tions of voltage, up to = 15%, in some tests. 

5. Average speed of advance of electrode, V,, caleu- 
lated from the time occupied in traversing 22.8 
in. After some preliminary trials, there was no 
difficulty in maintaining a constant speed dur 
ing each test. 

4. Change in deflection, f, of the specimen during 
welding, and the final shrinkage deflection, fr. 


DISTORTIONS AND SHRINKAGE STRESSES 


Figure 4 shows that sections initially straight are 
curved after welding. Fibers close to the bead have 
shortened; fibers distant from the bead have elongated. 
To determine the average shrinkage in the direction of 
the X axis, called 6,,, of an element AxAy Az, Fig. 5, 
it is sufficient in principle to measure the change in length 
l, — ly between two marks M and N before and after 
welding. The average change in length, 6,, in length 
lo is 


6... = (1) 


If element Ax Ay Az is unrestrained by neighboring ele- 
ments it will retain the deformation 6,,, even after being 
detached from the specimen, for example, by cutting. 
The deformation then would be permanent (plastic) 
Experiment proves, however, that, if element Ax Ay Az 
is detached from the remainder of the specimen, length 
l, generally changes to another value 2. The deforma- 
tion /, — l, has been forced on element Ax Ay Az by neigh 


§ Deflection was measured at mid-span (span = 22.8 in.) using a comparator 
sensitive to 0.0004 in. (1/100 mm_), Fig. 3. 


Electrode Speed of Advance Average Current Average Voltage 
Diameter, Length, of Electrode, I Variation j Variation 
Specimen In. In. In./Min. Amperes + in % Volts + in % 
A 0.16 21 .6* 175 4 31.2 19.2 
B 0.13 18.1 11.0 112 4 26.78 19 5 
* 0.13 12.2 11.0 80 2 21.43 16.2 
D 0.16 17.7 6.96 130 6 30.83 14.0 
E 0.10 17.7 15.7 80 3.5 20.76 16.7 
F 0.16 15.7 6.52 90 2 23.80 14.5 
G 0.20 7.63 168 3 26.16 10.4 
H 0.16 9.0 18.2 140 2 23.97 9.0 
I 0.10 27.1* 7.94 70 2 28.03 11.4 
* Two electrodes 18 in. long were butt welded together 
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boring elements.** The corresponding average change 
in length will be called 6,,, and is 


(2) 
9 

which will be a contraction if]; < /, that is, if the element 
lengthens after cutting, and will be an expansion if 
|, > hb, that is, if the element contracts after cutting. 
Equations similar to 1 and 2 can be derived for the def- 
ormations undergone by the element in the direction 
of the Y and Z axes. 

The changes in length, 6,, are elastic by definition, for 
they disappear when the element Ax Ay Az is cut loose 
from restraint. Furthermore, experiment proves that 
the changes are very small. Consequently, they can 
be converted to shrinkage stresses by the customary equa- 
tions of elasticity.tf The preceding discussion shows 
that the difference between shrinkage distortion 6, and 
elastic change in length 6, represents the plastic deforma- 
tion 6, of the element under consideration. 

It will be shown later that in certain parts of the welded 
specimen the shrinkage distortion is purely elastic; 
hence 6, = 6,, or better (see equations 1 and 2) 


** Assuming that the change in the state of the stress caused by cutting 
has not exceeded the elastic limit of the element 

tt For practical purposes, only the surface of the specimen is accessible for 
measurements. Stress perpendicular to the surface being zero, plane stress is 
involved. If Z is in the direction of thickness, the stresses at the surface in 
the X and Y directions are 


Sze = (dz,e + nby,e) 
(3) 
(6 
where E = Young’s Modulus = about 30,000,000 Ib./in.*, and » = Poisson's 
ratio = about 0.30 for mild steel. If the specimen is thin, Sz,¢ is practically 


zero throughout the thickness 

Equations 3 represent the shrinkage stresses perpendicular to the X and Y 
axes throughout the thickness. As the specimen is free from external load, the 
resultants of forces and moments computed from these stresses must be zero 
on each section, which is the condition utilized to verify the validity of the as- 
sumption that the stresses computed at the surface apply throughout the thick- 
ness. Later it will be shown that the simplification can be carried still further 
In some parts of the specimen Sy,¢ is very small compared with S,,¢ and for a 
first approximation, S:,e = Eéz,e. The conditions of equilibrium of forces 
and moments become 
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For practical purposes /)//, differs from unity by less than 
0.1%; hence , = . In other words, in regions where 
the shrinkage is purely elastic, the element Ax Ay Az will 
regain its initial dimensions when it is cut from the 
specimen after welding.® 
Methods of Measurement 

Shrinkage deformations were measured by three meth- 
ods. 

1. The first method (developed in the Materials Test- 
ing Laboratory of the University of Brussels with the aid 
of Mr. Sera) utilizes two stainless steel pointers (cutlery 
stainless steel with 14°) Cr) attached, Fig. 6, by means 
of pivots to marks M and N. The ends of the pointers 
are polished to a mirror finish, and are filed to a feather 
edge at the slightly bent end, Fig. 6(@). They are focused 
in an ordinary metallographic microscope with reflected 
light, Fig. 6(b). The ends of the pointers are about 
0.0039 in. (0.1 mm.) apart. Change in this distance sig- 
nifies change in the distance WN. 

The distance between the pointers is measured by 
means of a micrometer ocular, the reticle of which can 
be shifted by means of a graduated drum. The reticle is 
made to coincide successively with each of the pointers. 
The difference between the two readings is the distance 
between the pointers. For the sake of rigidity the micro- 
scope is fitted to the head of a shaper, the specimen rest- 
ing on the table of the shaper, Fig. 7. The sensitivity 
of the readings depends on the magnification, and is 
limited by the sharpness of the fmage of the ends of the 
pointers. One division of the drum corresponds to 
0. 00000258 i in. (0.657 micron), and the readings could be 
made to '/1 of one division. Four readings were made 
for each deformation. Preliminary tests showed that 


S bz.dy = 0 S bz.eydy = 0 (4) the probable error in the four readings did not exceed 
18 
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Fig. 4—Change in Deflection of the Specimens During Welding 
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Fig. 5—Deformation of an Element of Volume AxAyAz Due to Shrinkage 


0.000024 in. (0.6 micron), corresponding to about 1000 
Ib. /in.? for mild steel and MN = 0.79 in. 

Although the method of measurement involved no 
special apparatus, it was tedious to attach the pointers. 
Since the pivots holding the pointers are forced into 
conical holes in the specimen, there is local cold work and 
accompanying internal stresses around the holes. Para- 
sitic distortion occurs if the heat of the arc locally removes 
the effect of cold work, which indeed was observed in 
Specimens B and D, Figs. 13 and 15. Another source of 
error is the accidental shifting of the pointers when the 
specimen is carried to and fro or is subjected to shocks. 
Despite its simplicity this first method is not practical 
and has been modified. 

2. The modified method involves a twin microscope, 
Figs. 8,9and 10. The left microscope is trained on mark 
MM; the right microscope on mark N. The distance be- 


Fig. 6—(a) Method of Attaching the Pointers to the Specimen (Right- 
hand Side Is Sectional View) 
(b) Detail A Seen Under the Microscope 


r = Ocular wire coinciding with the end of the right-hand pointer 
e = Scale of the micrometer ocular 


326-s WELDING RESEARCH SUPPLEMENT 


tween microscopes being fixed, any variation in readings 
is equivalent to a change in distance 1JN. The modified 
method has been used by other investigators, particu 
larly Lance Martin.’ However, some differences apply 
to the present equipment, which was developed with the 
assistance of Mr. Sera. 

(a) Marks. and N are engraved on gold or annealed 
brass wires held in holes 0.04 in. diameter. Thus, there 
is no need to polish the surface, which otherwise would 
be required if the marks were to be made on the surface 
of the specimen itself. Etching with Fry’s reagent (1.5 
gm. CuCh, 30 cc. HCl, 95 ec. water, 20 cc. ethyl alcohol, 
applied after the specimen had cooled from a heat treat 


Fig. 7—Measuring the Shrinkage by Means of the Pointers 


Fig. 8—Measuring the Shrinkage by Means of Gage Marks Ruled on Brass 
or Gold Wires Embedded in the Specimen (Twin Microscope) 


ment at 200° C.) revealed no evidence of cold work due 
to inserting the wires. The marks are not affected by 
exposure to the heat of the arc for a short time, especially 
if a gold alloy is used. In the field of the microscope at 
a magnification of 300 diameters the mark appears as a 
bright, fine line of negligible width. By engraving two 
or three lines on each wire the measurements can easily 
be verified, the distances WW’ — N’, MW" — N", etc., being 
required to be always the same. 

(b) Distance MN has been reduced to | in. by placing 
the objectives and oculars in the same holder. The dis 
tance is being reduced still further to 0.47 in. in apparatus 
now being built. 

(c) Greater comfort in taking readings has been at 
tained by shifting the optical axis 45° from the vertical 
Fig. 8. 
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Fig. 9 View of the Twin Microscope. At the Right Is the Needle for 
Engraving the Gage Marks 


Sensitivity has been increased to the extent that one 
division on the ocular drum equals 0.0000174 in. (0.442 
micron). Of course, the sources of error are more numer- 
ous than in the first apparatus. The errors arise from 
variations in the length of the two optical axes and in 
their reciprocal distance from one reading to the next. 
The probable error rarely exceeds 0.00002 in. (+0.5 
micron) and averages +0.000016 in. (+0.4 micron). 
When the distance WN is 1 in. the probable error in stress 
is, therefore, +500 Ib. /in.? 

3. The apparatus that has been described is not 
adapted to shop measurements, although they would be 
necessary if the method were to be used in the control of 
welded structures. The third method utilizes an exten 
someter (purchased from the firm of Carl Mahr at Esslin- 
gen) with a minimum gage length of 0.79 in. and a maxi- 
mum of 2°/, in. The gage marks consist of steel balls 

i in. diameter driven into the metal. The two knife 
edges of the apparatus are supported on these balls. 
One division of the dial corresponds to a displacement of 
the knife edges of 0.00004 in. (1 micron). 

The chief source of error is the difficulty of applying 
the knife edges to exactly the same points on the balls. 
Under the most favorable conditions the differences in 
setting have varied from +0.00004 to 0.00008 in. (+ 1 or 
2 microns). Fry etching revealed significant areas of 
cold work around the balls, which gave rise to the same 
anomalies, Fig. 18, as those described in the first method. 
Besides, the balls were tempered by the heat of the arc, 
which permitted the knife edges to notch the surface of 
the balls and yield false readings. 

Measuring the Deformations 

It must be remembered that the change in length be- 

tween two marks, such as ./ and N in Figs. 1 and 5, is 


’ 
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only an average. By convention it is designated as 
change in length of point Q, situated midway between 
M and N, Fig. 1. The approximation becomes closer as 
the length ./N is shortened. To describe the location 
of marks on the specimen a convenient system of refer- 
ence axes has been established to fix the location of Q. 
The X axis, Fig. 1, is the welded edge, the positive direc- 
tion being the direction of motion of the electrode. The 
Y axis coincides with the axis of symmetry of the speci- 
men. Deformations have been measured only in the di- 
rection of the X axis. Measurements were made on all 
specimens at 5 or more points along OY, and on Speci- 
mens D to G along lines parallel to OY and 4 in. on either 
side. Three measurements were made at each point: 


2. 


before welding 
after welding 

3. m,—after cutting 

—m 

Application of equation 2 must be made with the fol- 
lowing reservation. The measurement m, theoretically 
applies to an element Ax Ay Az liberated as completely 
as possible from the restraint of neighboring elements. 
The cuts required to liberate the specimen locally deform 
the metal. There are two alternatives. Either cut ata 
sufficient distance from the marks that the measurements 
are not affected, or cut so small a volume of metal that 
the liberation is practically complete, although the dis- 
tortion due to cutting has affected the measurements. 
In the present research, measurements m7, have been 

made on specimens sawn by means of two transverse 
cuts 2.12 in. apart; cuts I-I, Fig. 11. Preliminary 
measurements on a specimen freed from stress by careful 
annealing showed that these cuts affect the measurements 
by an amount less than the proBable error, that is less 
than 0.00002 in. (0.5 micron). However, these cuts do 
not completely liberate the specimen from shrinkage 
stresses. In fact, subsequent subdivision by several 
longitudinal cuts, cuts II-II, Fig. 11, caused variations, 
Ams, in the measurements. (To avoid the effect of cold 
work, these variations have been decreased in every speci- 
men by utilizing marks in brass wires and the twin micro- 
scopes.) But, this time, cutting affects the measure- 
ments. Tests on the annealed specimen showed that 
cutting introduced parasitic deformations. These vary 
from +0.000024 to +0.00006 in. (+ 0.6 to +1.5 microns) 
with marks on the vertical surface of the specimen, and 
are more than 0.0001 in. (2.5 microns) with marks on the 


edge of the specimen (Y = O and Y +3.6 in To 
@ 


Fig. 10—(a) Optical Diagram of the Twin Microscope 
(b) Detail of the Reticle 
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correct for the parasitic deformations caused by cutting, 
an average of 0.00004 in. (1 micron) was subtracted from 
the measurements Am, made on both faces of the speci- 
men. The probable error thus became +0.00004 in. 

+] micron). The measurements, Ams, made on the 
edges are considerably less certain than those made on 
the faces. In the majority of tests the measurements 
made on the edges were not used. 


RESULTS 


Measurements mo, m, and ms as well as Ams, have been 
recorded for each point (X, Y) of the specimens that was 
considered.*+ Changes in length 6, and 6, have been 
computed with the aid of formulas 1 and 2, making use 
of the term Amy,/l, in formula 2. The computed values 


tt The detailed tables of these measurements have been deposited in the 
files of the Welding Research Committee, where they may be consulted. 
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Fig. 1l—Method of Cutting the Specimen for Measurements of 
Shrinkage Stress 

= Vertical cuts 

i-Il = Horizontal cuts (subdivision) 


Dilatotion +f 
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of 6, and 6, are the averages of measurements made oy 
both sides of the specimens. In this way any accidental 
effects tending to disturb the symmetry of heat flow dur 
ing welding have been eliminated. The values of 6, and 
6, are plotted in Figs. 12 to 20. 

With the exception of Specimens A and B, the elastic 
changes in length, 6,, have also been determined in the 
weld bead. For this purpose gage marks have been 
placed on the weld after welding (point Y = 0). The 
diagrams of shrinkage strains, 6,, for Specimens, B, D 
and G, Figs. 13, 15 and 18, computed from measurements 
using the pointers and the balls differ, in the vicinity of 
the weld, from the diagrams made using brass wires as 
gage marks. The difference between the two methods is 
explained by the cold work accompanying the attach 
ment of the pointers and balls. The difference has not 
been taken into consideration in the following discussion 
of results. 


DISCUSSION OF RESULTS 


The following statements may be made on the basis of 
Figs. 12 to 20. 

1. The deformations measured at three different sec- 
tions, namely: along the axis of symmetry (X = O) and 
along sections 4 in. on either side of the axis of symmetry 
(X = —4and X = +4), are practically identical (Speci- 
mens D, F and G, Figs. 15, 17 and 18). Specimen E£ ap- 
parently is an exception; Fig. 16. The explanation 
seems to lie in the great variation in arc voltage which 
occurred during welding. During the first half and last 
quarter of the welding on Specimen £ the voltage was ap- 
proximately 20 volts. During the third quarter of the 
length the voltage rose to 25 volts. These changes in 
are voltage disturbed the temperature distribution, and 
destroyed the uniform distribution of shrinkage deforma- 
tions along the axis of the specimen. 

2. The curves of shrinkage deformations 6, undergone 
by the specimens after welding are practically straight 
lines, in agreement with another investigator.® For all 
practical purposes, therefore, the specimens behave in 
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Fig. 14—Specimen C 
Fig. 12—Specimen A Fig. 13—Specimen B Diameter of electrode = 0.13 in. 
Diameter of electrode = 0.16 in. Diameter of electrode = 0.13 in Speed of advance of electrode = 11.0 in./min 


Speed of edvance of electrode = 11.7 in./min Y 
Current = 175 amp Current = 112 amp 
Voltage = 31.2 volts; Arc power = 5145 watts 


Voltage = 26.8 volts; Arc power = 3000 watts 


Speed of advance of electrode = 11.0 in./min Current = 80 amp 


Voltage = 21.4 volts; Arc power = 1710 watt 
Final deflection = 0.0168 in 


Final deflection = 0.0565 in Final deflection = 0.0365 in br = Shrinkage deformation (measured with pointe 
ér = Shrinkage deformation (measured with pointers) br = Shrinkage deformation (measured with pointers) be = Elastic deformation due to cutting 
be = Elastic deformation due to cutting be = Elastic deformation due to cutting ——O)—— de after vertical cuts ; 

- — \) - — be after horizontal cuts (subdivision 
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accordance with the laws of strength of materials:  sec- 
tions Y remain planes after deformation. Yet small 
deviations are observed at the welded edge. When the 
welding is unusually hot, Fig. 18, the curve deviates to- 
ward larger deformations. On the other hand, when 
unusually small amounts of heat are involved during 
welding (cold welding) the curve bends toward smaller 
deformations, Fig. 20. 

3. Starting at the edge opposite the weld, the elastic 
changes in length, 6,, follow the shrinkage deformations, 
§., very closely up to a point Y,, which is closer to the 
weld the less the amount of heat involved during welding. 
The coincidence between 6, and 6, is not close if the 
measurements made on the large cut sections alone are 
considered. The lack of agreement under these condi- 
tions has been observed by Paton.’ However, subdivi- 
sion of the large sections visibly reduces the difference 
between the two curves, especially for welds involving 
relatively little heat. The conclusion to be drawn is 
that, starting at the edge opposite the weld, the shrink- 
ages, 6,, are practically elastic’§ up to point Y,.  Be- 
yond this point, 6, differs from 6,; that is, the shrinkage 


of the extent of plastic deformation indicated by the 
measurements.°* 

4. Likewise, it is impossible exactly to convert the 
curve of changes in length 6,, into a curve of longitudinal 
shrinkage stresses S,, by the formula* S_, EK, 
where E = Young’s Modulus. To be exact, equations 
(4) must be satisfied; that is, the conditions that the 
areas enclosed by the curves 6, as well as the moments of 
these areas must be in equilibrium. Asa matter of fact, 
these conditions are not fulfilled exactly. Columns 2 
and 3 of Table 2 show that the percentage deviations 
after cutting the sections are particularly large for the 
welds in which the heat input was small. However, sub 
division of the sections, here as elsewhere, decreased the 
deviations, columns 4 and 5 of Table 2. 


Table 2—Balance of Areas of Curves 5,,, and of the Moments 
of These Areas 
Difference expressed in % between the positive areas and the 
negative areas, or between their moments, divided by their sum 


After Cutting After Subdivision 


deformation 6, has an inelastic component which in- Curve* Areas % Moments % Areas % Moments % 
creases as the weld is approached. Distance Y, thus is (1) (2) (3) (4 (5 
the limit of the zone of plastic deformation, which in- A 0 7.3 
creases in extent with increase in the heat input during ‘i's 
welding, Figs. 12 to 20. D 16 0 13 4 10.0 11S 
Note: As shown by the curves in Figs. 14, 15 and E 7.8-14.0- 2.7-5.15 
17 to 20, subsequent subdivision of the sections generally 23.0 27.7 
decreases Y,. The difference is especially noticeable in 4.9 
curves /7 and J, Figs. 19 and 20. The actual volume of H ='8 10.0 15 1'8 
metal which is deformed plastically during welding, I 28.0 31.0 9.2 14 
therefore, is smaller than is indicated by the value of * Figures 10 to 18 
7 “1g es 
Y, computed from measurements on the larger cut sec- 
tions alone. This note is vital for the correct estimation r 
§§ The only obvious exception is the edge of Specimen A There the shrink * With the exception of the two edges, where the stre stem is uni-axial 
age seems to have exceeded the elastic limit. as a result of the absence of stresses Sy and 5, 
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Fig. 15—Specimen D Fig. 16—Specimen E Fig. 17—Specimen F 
£ ameter of electrode = 0.16 in Diameter of electrode ) in Diameter of electrode 1¢ 
peed of advance of electrode = 6.96 in./min Speed of advance of electrode = n./m Speed of advance of « trod 
Current = 130 amp Cunvent = 80 amc urren 20 am 
oltage = 30.8 volts; Arc power = 4000 watts Voltage = 21 <4 rrequiar Arc power = 168 Voltage 28° Ar wer 2560 watt 
Final deflection = 0.0530 in weal , Final de . 99" 
br = Shrinkage deformation (measured with pointers Final deflection = 1128 in ér hrinkage deformation (measured with brass w 
at X = 0, and with balls at X = +4 in. and at X dr = Shrinkage deformation due to welding at X +4 and at X 4 
= —4 in.) be = Elastic deformation on cutting be astic deformat n cutting 
Se = Elastic deformation on cutting (a) gage marks (balls) fixed at X = —4 in 0 be after vertice 
% Se after vertical cuts b) gage marks (balls) fixed at X ) O after horizontal c 4 
~ (1 — — be after horizontal cuts (subdivision) (c) gage marks (balls) fixed at X = +4 in 
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Fig. 18—Specimen G Fig. 19—Specimen H Fig. 20—Specimen / 
Diameter of electrode = 0.20 in Diameter of electrode = 0.16 in Diameter of electrode = 0.10 in 
Speed of advance of electrode = 7.63 in./min Speed of advance of electrode = 18.2 in./min Speed of advance of electrode = 7.94 in./min 
Current = 168 amp. Current = 140 amp Current = 70 amp 
Voltage = 26.2 volts; Arc power = 4400 watts Voltage = 23.97 volts; Arc power = 3360 watts Voltage = 28 volts; Arc power = 1960 watts 
Final deflection = 0.0544 in Final deflection = 0.0268 in Final deflection = 0.0248 in. 
ér = Shrinkage deformation due to welding br = Shrinkage deformation (measured with brass ér = Shrinkage deformation (measured with brass wires 
be = Elastic deformation on cutting wires) be = Elastic deformation on cutting 
Measurements were made at X = 0 by means of brass be = Elastic deformation on cutting ~ 5e after vertical cuts 
wires, end ot X = —4 in. end at X = +4 in. by ~ ~ de after vertical cuts - — © — - be after horizontal cuts (subdivision 


means of balls 


-Q de after vertical cuts 
— be after horizontal cuts (subdivision) 


(B) Anomaly of the curve dr resulting from the balls 


The curves 6, after subdivision therefore can be used, 
if only as a first approximation, to show the distribution 
of longitudinal shrinkage stresses in the welded speci- 
mens. It confirms the fact® that in the vicinity of the 
two edges the shrinkage stresses are tensile, while in the 
middle of the specimen they are compressive. 


TEMPERATURE DISTRIBUTION AND SHRINKAGE 
STRESSES 


It should be recalled that the conditions under which the 
specimens were prepared depend on only two factors de- 
termining the distribution of temperature during welding, 
or, more precisely, the maximum temperature attained 
at every point in the welded specimen. The two factors 
are the speed of advance of the electrode, V., and the 
quantity of heat supplied to the specimen per unit time. 
In arc welding the supply of heat per unit time is related 
directly to the power of the arc, which is, to a close 
approximation, the product 

W = amperes X volts 
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Fig. 21—Shrinkage Stresses at the —~ Spocsiee to the Weld as a Func- 


tion of the Power of the Arc for Two of Advance of the Electrode: 
Va = 7 to In./Min. and 16'/: In./Min. 
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- ~ 2 - — be after horizontal cuts (subdivision) 


during welding.‘ The shrinkage stresses, consequently, 
can be compared directly with the product W. 

In this connection the two edges of the specimen—the 
welded edge in the plastic zone and the edge opposite 
the weld in the elastic zone—deserve special considera- 
tion. The curves in Figs. 12 to 20 show that each of these 
edges is subjected to a tensile stress which is the maxi- 
mum stress in its particular zone Each edge, therefore, 
will be discussed separately. 


(a) Shrinkage Stresses at the Edge Opposite the Weld 

Taking account of the uncertainty (+207) in the 
product W, we find that the shrinkage stress on the edge 
opposite the weld (Y = 3.6 in.), Fig. 21, is nearly pro- 
portional to the power of the arc. The proportionality 
factor is rather high, since an increase in power of | kw 
raises the shrinkage stress by 7100 Ib./in.? An increase 
of power of 1 kw. corresponds to an increase of current 
(at 25 volts) of only 40 amp. 

On the other hand, changes in the speed of advance oi 
the electrode had little effect on shrinkage stresses. For 
example, varying the speed of advance of the electrode 
from 6.5 to 11 in./min. changed the shrinkage stresses 
less than 20%. Changes in shrinkage stress became ap 
preciable only for much higher speeds in the vicinity oi 
17 in./min. The shrinkage stress decreases at the higher 
speeds; that is, for welding at low rates of heat input.’ 
It follows from these facts that in the elastic zone a de- 
crease in the rate of heat input during welding has a 
beneficial effect from the standpoint of shrinkage stresses 

Note: Asshown by the curves in Fig. 22, the final de- 
flection of the specimen changes with welding variables in 
the same direction as the shrinkage stress in the elastic 
zone. 


(b) Shrinkage Stresses in the Weld 


The effect of temperature distribution on the shrinkage 
stresses in the weld is a great deal more difficult to state 

t And the uncertainty in the amount of heat in the arc that is transferred 
to the plate. Thus, a thin electrode, 0.13 in. diameter, Fig. 13, appear 
impart a greater proportion of its heat to the plate than a larger electro 
0.20 in. diameter, Fig. 18, doubtless because the heat is more concentrated 
the arc of the smaller electrode 
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Fig. 22—Final Deflection After Welding as a Function of the Power of the 
Arc for Two Speeds of Advance of the Electrode: V., = 7 to i] In./Min. 
and 16'/: In./Min. 


At first glance, the curves, Fig. 23, for 6, secured as a 
result of cutting the specimen vertically seem to show 
that the shrinkage stress in the weld increases slightly 
as the heat input to the weld is increased. However, 
subdivision horizontally tends to raise the stresses caused 
by welding at the lower rates of heat input, while exert- 
ing little effect on the stresses caused by welding at the 
higher rates of heat input. All the stresses have reached 
or have exceeded slightly the elastic limit of the steel 
34,000 Ib./in.*). There is good reason to believe that 
the shrinkage stress in the weld is in the vicinity of the 
elastic limit of the steel whatever rate of heat input is 
adopted during welding. In other words, the rate of heat 
input is without appreciable effect on the shrinkage stress 
in the weld. 


CONCLUSION 


It is essential to discern the variables before we can 
establish, without ambiguity, the relation between tem- 
perature distribution or rate of heat input in arc welding 
and the shrinkage stresses to which it gives rise. In view 
of the complexity of the problem, success can be attained 
at present only in relatively simple examples. The prob- 
lem is especially simple when a bead of arc weld metal is 
deposited at a constant speed of advance of the electrode 
along one edge of a flat steel plate. Assuming a suffi- 
ciently long bead (at least six times the width of the plate) 
and constant are power (volts X amperes), we find that 
all transverse sections in the central part of the speci- 
men (at least three times the width of the plate) are sub- 
jected to the same temperature distribution and to the 
same shrinkage, and that they remain practically plane 
after welding. 

As a result, the factors determining the temperature 
distribution and heat input are the power of the arc in 
watts and the speed of advance of the electrode. Like- 
wise, the stresses in any section of the central part of the 
specimen characterize the shrinkage that was undergone 
during welding. Owing to shrinkage, the steel in the 
vicinity of the weld deforms plastically in a zone whose 
width increases as the heat input to the weld is increased. 

Thus, two zones are created, as we have shown: the 
plastic zone close to the weld, and the elastic zone farther 
away. In both zones the edges of the specimen are 
under the maximum tensile stress in the zone. To main- 


SHRINKAGE STRESSES IN ARC WELDING 


tain equilibrium the interior part of the specimen is under 
compression. 

The relation between the temperature distribution or 
heat input to the weld and the maximum stress in each 
of these zones may be stated thus 

1. Within the limits of the experiments the maximum 
stress in the elastic zone increases nearly in direct propor 
tion with increase in the power of the arc in watts. In 
crease in speed of advance of the electrode acts in the 
opposite direction; it decreases the shrinkage stress 
However, speed exerts only a small effect. Within the 
customary limits of 6'/s and 10'/, in./min. the effect is 
scarcely noticeable. 

2. Shrinkage deformation follows a similar law. 

5. On the contrary, the maximum stress in the plastic 
zone (in the weld) depends very little, if at all, on the 
temperature distribution or heat input. The stress in 
the weld is at the elastic limit; that is, the maximum 
stress compatible with the system of elastic stresses 
created by shrinkage, regardless of heat input. 

Taken together, these conclusions show that cold weld- 
ing (low heat input) is preferable in every respect to hot 
welding (high heat input) for the type of welding that 
has been discussed. Although cold welding does not de 
crease the shrinkage stress in the weld, it at least stores 
less elastic energy in the steel and deforms the specimen 
less than hot welding.* 
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Alloy Steel Filler Rods for 
Oxyacetylene Welding 
Boiler Plate 


By A. THEIS and K. L. ZEYEN 


ENSILE, bend and notch-impact tests have shown 

that rods 3, 5, 6 and 11 in Tables 1 and 3 can pro- 

duce normalized welds meeting the requirements in 
Table 2 for two German grades of boiler welds, provided 
the steel is 0.47 in. thick. The bend and tensile require- 
ments could be met with these rods in steel 1.18 in. thick 
of Grade 2, but in Grade 4 the bend and tensile require- 
ments could not be attained with the rods that were 
tested, because the heat from the weld prevented the 
expert welders from exercising proper care. 

The welds were made with backhand technique, V 
welds in the thinner plate, X welds (two-torch vertical 
process) in the thicker, Table 4. The width of the weld 
was ().8 in. in the thinner plate, 1.2 in. in the thicker. 
The tests on welds in Izett 2, 0.47 in. thick showed that 
all normalized welds (30 min. at 910° C., air-cooled) met 
the requirements in Table 2, but that as-welded speci- 
mens and stress annealed specimens (2 hr. at 600° C., 
furnace-cooled) had inadequate notch-impact value. 
The bend elongation was between 20 and 30% (180°) 
for all specimens. Consequently, normalizing, while 
having inappreciable effect on tensile strength and bend 
ductility, greatly increased the notch-impact value. 
With the same steel 1.18 in. thick there was no difficulty 
; Abstract of “Studien zur Gasschmelizschweissung von Kesselblechen gréss- 
erer Dicke in den Festigkeitsstufen 2 und 4 mit verschiedenen Zusatzwerk- 
stoffen”’ published in Autog. Metallb., 33, H. 5, 57-65, Mar. 1, 1940, and in- 


tended for presentation at the Thirteenth International Acetylene Congress. 
The authors are associated with the Krupp firm in Essen, Germany. 


Rod No. Cc Si Mn 
1 0.11 0.22 0.86 
2 0.13 0.34 1.00 
3 0.13 0.30 1.01 
4 0.12 0.33 1.02 
5 0.12 0.37 0.95 
6 0.12 0.31 0.97 
7 0.14 0.29 1.06 
8 0.18 0.44 se 
9 0.16 0.56 1.06 
10 0.19 0.46 1.18 
11 0.19 0.41 1.17 


Table I—Composition (%%) of the Welding Rods 


in attaining the required tensile strength, but normaliz- 
ing was essential to attain the required notch-impact 
value. Great difficulty was experienced in meeting the 
bend specification. During bending, cracks tended to 
form along lines of slag inclusions at the junction of weld 
metal with base metal. Despite the inadequate bend 


Table 4—Boiler Plates Used for Butt Welds 


Composition, % 


Grade Cc Si Mn S 
Izett 2 0.16 0.18 0.50 0.010 0.02] 
Izett 4 0.27 0.27 0.56 0.018 0.02 

Mechanical Properties 
Elon- 

gation, Notch 

Thick- Yield Tensile % in Impact 

ness, Strength, Strength, 11.3_ Value, 

Grade In. Lb. /In.? Lb./In.2 Area Mkg./Cm 
2 0.47 38,500 58,500 31 19 (DVMR 

2 1.18 31,000 58,500 24 21 (VGB 
4 0.47 44,000 70,000 24 12 (DVMR 

4 1.18 35,500 68,500 20 15 (VGB 


angle of most specimens, the bend elongation was high 
20 to 55% in the normalized condition. 

Welds in the high strength steel (Grade 4) 0.47 in. thick 
had excellent properties, although normalizing (S70° C. 
was necessary to bring the notch-impact value above 
6 mkg./em.? In fact, normalizing raised most of the 
welds to 12 or 14 mkg./cm.* While normalizing had no 
essential effect on the strength of Grade 2 welds, it de 
creased the tensile strength of the stronger Grade 
welds by 5,000—-10,000 Ib./in.*, which is in agreement 
with Table 3. Furthermore, fracture in the tensile test 
occurred always in the weld in Grade 2 steel, but occurred 
partly in base metal and partly at the junction zone in 
Grade 4 steel. 

When the thickness of Grade 4 steel was increased to 


Ni i Mo Other Elements 
1.04 
0.89 0.35 
0.89 a 0.24 Al 
0.88 0.27 
0.83 0.25 V 
0.82 0.27 
0.90 0.33 Ti 
0.89 0.37 0.14 Ti 
0.86 0.34 0.23 0.26 Ti 
0.89 0.36 0.27 


The hydrogen content varied from 0.0004 to 0.0007%; oxygen content varied from 0.009 to 0.023%, and nitrogen from 0.002 to 
0.010%. The rods were 0.16 in. diameter and were rolled from 110 Ib. experimental melts. 


Thickness, Tensile Strength, 
Grade In. Lb. /In.? 
2 0.47 55,500 
2 1.18 55,500 
4 0.47 63,500 
4 1.18 63,500 


Notch Impact Bend Angle, 


Quench Bend 
Value, Mkg./Cm.? As-Welded, Degrees 


Angle, Degrees 


8 180 180 
12 180 180 
6 180 180 
9 180 180 


Notch-impactvalue of welds 0. 47 in. thick is determined on aDVMR specimen 10 x 10 x 55 mm. with notch 3 mm. deep, 1 mm. radius 
for plates 1.18 in. thick the VGB specimen is used (15 x 30 mm. with notch 15 mm. deep, 2 mm. radius). All bend tests were made with 
weld machined flush and with a plunger diameter = 37 (7 = plate thickness). Specimens for the quench bend test were heated 30 min 


at 650° C. and quenched in water at 28° C. before testing. 


steel 


rod 


con 


N 
1 
] 
TI 
1.18 
reqi 
Fra 
rais 
rod: 
nev 
as 
thic 
stee 
by 
doit 
|| 
Table 2—Properties Required of Butt Welds in Boiler Plate of Grades 2 and 4 
T 
tati 
pro 
cate 
dust 
: - : : - Eng 
332-s 


Table 3—Mechanical Properties of All-Weld-Metal 


DVMR 
Notch- 
Yield Tensile Elongation, Reduction Impact 
Rod Strength, Strength, % in 4 of Area, Value, Appearance of Fracture in Tensile 
No Treatment Lb. /In.* Lb. /In.? In % Mkg./Cm.? and Notch-Impact Test 
1 Ww 39,000 62,000 33.3 64 16.6 Fine grained with matt edge 
| N 44,500 64,000 32.0 69 17.0 Fine grained with matt edge 
9 Ww 41,000 70,000 27.3 5] 12.6 Coarse grained with matt edge 
9 N 48,000 68,500 29.5 63 16.7 Fine grained with matt edge 
3 W 44,000 72,000 27.3 55 12.4 Coarse grained with matt edge 
3 N 48,000 67,500 26.1 54 16.6 Matt 
{ W 47,500 66,500 16.2 33 11.8 Coarse grained with matt edge 
} N 46,000 63,500 31.2 68 16.4 Fine grained with wide matt edge 
5 W 45,500 73,500 21.1 51 10.3 Coarse grained 
; N 44,000 70,500 24.5 51 15.1 Matt 
6 Ww 63,500 76,000 10.9 38 10.3 Fine grained 
t N 55,000 71,000 26.0 54 17.8 Fine grained with wide matt edg« 
7 W lags 85,500 14.5 49 1.7 Medium grain with matt edge 
7 N 41,000 77,000 23.6 64 13.1 Fine grained with narrow matt edge 
8 W 48,000 79,000 13.1 26 10.2 Coarse grained 
8 N 49,500 71,000 18.7 35 13.5 Fine grained with bright spots 
9 W 49,000 79,000 11.3 23 10.7 Coarse grained 
Q N 56,000 75,000 15.5 31 12.7 Matt 
10 W 72,500 90,000 ce 24 6.0 Very coarse grained 
10 N 49,500 80,500 98 25 8.6 Fine grained 
11 Ww 65,000 80,500 9.0 24 6.0 Very coarse grained 
11 N 41,000 73,500 17.6 33 11.0 Fine grained with matt edge 


The results are averages of two specimens cut from a deposit 6 to 8 layers deep made in the right angle between two open-hearth 


steel plates 0.79 in. thick using forehand technique 
W =As-welded. 


N = Normalized (heated 30 min. at 900° C. and cooled in air) 


1.18 in., only rods 3, 6 and 7 produced welds having the 
required tensile strength in the normalized condition. 
Fracture always occurred in the weld. Normalizing also 
raised the notch-impact value of welds made with these 
rods above 12 mkg./cm.? However, the bend angle 
never exceeded 100°, although bend elongations as high 
as 40% in the normalized condition were recorded for 
some of the welds. The welds in Grade 4 steel 1.18 in. 
thick suffered from the same defects as those in Grade 2 
steel of the same thickness; these defects were occasioned 
by the difficulty experienced by the expert welders in 
doing good work under hot conditions. 

Multi-layer welds in both steels 0.47 in. thick with 
rod 5 had about the same properties in the as-welded 
condition as the normalized single-layer welds. Three 


layers were deposited to form a V weld. When multi- 
layer welding was applied to the thicker steel 1.18 in. 
thick (six layers in a U weld), the results were no better 
than with two-torch vertical weldigg. It was concluded 
that multi-layer welding exerts a normalizing effect on 
the thin plate, but not on the thick plate. 

The effect of normalizing on all welds was clearly 
shown in the notch-impact fractures and in the micro- 
structure. Only normalized specimens of the single- 
layer and two-torch vertical welds exhibited ductile frac- 
tures and fine grained structure. Stress annealing had 
little, if any, effect on any of the properties. The quench 
bend test, while it was a trifle more severe than the cold 
bend test, was considered superfluous from the stand- 
point of the present investigation. 


SUGGESTED METHODS OF TESTING 


GENERAL 


LL spot welding tests fall, in general, into two 
groups: 


1. Process qualification tests. 
2. Material weldability tests. 


The function of the first is primarily to show quanti- 
tatively the extent of fusion obtained by a specific 
process in a spot weld and also to some extent to indi- 
cate whether the quality of the metal in and around the 
weld as compared to a predetermined standard. The 


9 Recommended by Resistance Welding Committee of the In- 
dustrial Division of the Welding Research Committee—The 
Engineering Foundation. 
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Spot Welds’ 


function of the second is to establish the standards for 
structural performance of spot welds on specific metals 
and alloys under different service conditions. 

It is assumed that all tests will be made with full 
laboratory facilities available. When tests have to be 
performed during manufacturing operation with shop 
facilities available the process qualification test only is 
recommended. 


1. Process Qualification Test 


This test shall consist of pulling in tension to destruc- 
tion on a standard testing machine, a test specimen ob- 
tained by lapping two strips of metal and joining them 
by a single spot weld, it shall be supplemented by a 
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visual examination test to determine the degree of 
penetration and the structure of the weld. 

The ultimate strength of the specimen, the diameter 
of the weld slug and the manner of failure whether by 
shear of the weld metal or by tear of the parent metal, 
and whether a ductile or brittle fracture shall be re- 
corded. 

The record of the specimen shall include complete 
description of the properties of the metal such as gauge 
thickness, tensile strength, ductility and chemical com- 
position. 

The dimensions of the test specimens shall be as fol- 
lows: 


Width Ferrous Mini- 
Metals and mum 
Alloys, Copper, Length 
Nickel and Cop- Width Each 
per-Nickel Alloys, Aluminum Piece, 
Metal Thickness In. Alloy, In In. 
Up to 0.030 in /, b/s 3 
0.031 in. to 0.050 in. l 3/, { 
0.051 in. to 0.100 in. 1'/» l 5 
Above 0.100 in 2 (min.) 2 (min.) 6 


The amount of overlap is to be equal to the width of 
the specimen in all cases. The distance that each 
specimen is inserted in each grip to be 2 inches in all 
cases. 

The effect of eccentricity with the use of the above 
specimens can be disregarded. Whenever desired for 
reasons of economy, the use of shorter specimens can 
be allowed provided that proof is made that the effects 
of eccentricity, misalignment, stress concentration, etc., 
are not increased and that the results obtained are sub- 
stantially the same as with the use of standard speci- 
mens. 

Whenever feasible the length of specimens should be 
made in the direction of rolling. 

In case of aluminum alloys, a two-spot specimen with 
the spots lined in the direction of the pull may be used. 
If used, the effective strength per spot as determined by 
the test shall be considered one-half the strength of the 
specimen. The width of the two-spot specimen may 
be double of that of a standard specimen. The length 
of the overlap shall be increased by the spot spacing 
used in production. 

The visual examination shall be conducted on a cross- 
sectioned and etched specimen with the cross section 
taken through the center of the weld and with sufficient 
magnification to show both the weld penetration and 
the defects in the weld structure such as cracks, blow- 
holes and porosity. The proper extent of weld penetra- 
tion varies with different metals and members joined 
and must be established by proper shear pull tests and 
material weldability tests. 

The projection weld shall be tested in the same fashion 
as the single spot welds, except that the group of pro- 
jections welded simultaneously should be treated as a 
single spot weld as far as testing is concerned. When- 
ever impossible to pull the projection welds in shear, 
the etched test alone can be used, provided every pro- 
jection weld is examined. 

2. Material Weldability Test 

The material weldability test shall consist of the 
standard lap shear test as described above, supple- 
mented by additional tests as follows: 

(a) U-Shaped Specimen Tension.—This test shall con- 
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sist of pulling in tension to destruction on a standard 
testing machine a U-shaped specimen properly supported 
by spacer blocks and clamps and prepared as follows 

Two metal strips 2 inches X 6 inches with a 
inch hole near each end shall each be bent 90° at 
distance of 2 inches from each end to form each a ty 
sided box or wide U. The specimens shall then be placed 
back to back with their sides carefully lined up to |j 
in the same respective planes and jointed together } 
means of a single spot weld in the center of the adjoining 
bottoms. Two flat faced square fixtures shall be used ¢ 
fit snugly into each U and preserve its shape during th: 
test. A '/s-inch through bolt shall be used to hold th: 
specimens to the fixtures. The radius of bend of th 
corners of the fixtures, fitting into the bend of the | 
shall not be less than '/, inch. 

The fixture shall be supported in the grips of the test 
ing machine in such manner as to ensure good align 
ment of the weld. 

The ultimate strength of the weld, the diameter o{ 
the weld slug and the method of fracture shall be re 
corded. 

The ratio of the U specimen tension strength to th 
shear pull strength for spots of the same diameter shal] 
be considered as the measure of ductility of the spot 
weld made on the material under consideration. 

(b) Fatigue Tests.—Proper methods of testing spot 
welds in fatigue is still under investigation and will be 
recommended later. 

3. Approximate or Rough Shop Tests 

The tests described above establish quantitativel) 
certain essential properties of spot welds. It is som: 
times desirable before conducting these exact tests t 
determine with the least possible effort and in a very 
general way the extent of fusion present in a spot weld 
made under certain conditions In such cases certain 
simplified and approximate tests requiring considerably 
less time and equipment can be used, such as twist or 
torsion and peel tests. It must be, however, remem 
bered that these rough tests are in no way a substitute, 
or even an approximation of the test recommended 
above, as they in no way convey any quantitative in 
formation but simply show whether or not any fusion 
has taken place. 

(a) The Twist or Torsion Test.—This test consists of 
holding one welded member edgewise in a vise and rotat 
ing the other member also edgewise around the spot 
weld as an axis and in the plane of the joined surfaces 
In this manner the bond between the two members 
can be severed with comparatively little effort and an 
indication of its efficiency obtained from the angle o! 
twist necessary to effect the severance. A certain ind) 
cation of the ductility of the weld metal can also be ob 
tained from the extent of the angle of twist, provided 
the failure occurs in the weld metal and not in the parent 
metal around the periphery of the weld. 

(b) Peel or Pull-Out Test.—This test consists 
prying apart of the joined surfaces by either bending 
them back onto themselves and peeling out the weld 
metal, or by inserting a chisel between the surfaces an‘ 
in the close proximity of the weld. In either case failur 
of the parent metal around the periphery of the weld 1s 
indication of extensive fusion in the weld. 

The twist and peel tests provide a useful rough and 
ready check on the spot weld. However, it is not recom 
mended for anything except a means of determining 
whether any fusion or welding has taken place at all. 
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THE METALLURGICAL EFFECTS 


By JAMES R. CADY 


cutting was undertaken with the hope that the 

process could be better understood and thus di- 
rected to the greatest advantage in working metals 
that react adversely under the cutting flame. It was 
hoped especially to analyze the metallurgical, physical 
and chemical changes that occur during flame cutting. 
Many investigations of flame cutting have determined 
what we may expect in metallurgical and mechanical 
changes occuring in steel subjected to the cutting flame. 
Little is known of how these changes occur or of the by- 
products, gas and slag, that are given off during cutting. 
With this thought in mind, the investigation has been di- 
rected toward the solution of fundamental reactions. 
Mechanical and metallurgical changes in the various 
steels used were investigated and correlated with other 
aspects of the chief problem when such action seemed 
advisable. In the course of the investigation a relation- 
ship between the micro-structures of the cut edge and the 
character of the steel was observed. This lead to the 
development of a method of testing steel for its reactions 
to heat treatment by flame cutting. 


MTreuit study of the metallurgical effects of oxygen 


SELECTION OF THE STEEL 


The metal used for the present study of the metallur- 
gical effects of flame cutting on steel was selected to 
represent as nearly as possible each type of low and me- 
dium-carbon steel in common use. All of the samples 
were selected from rolled stock, either shafting or bar 
stock, usually with a cross section diameter of from one 
and one-half to two inches. These samples were cut to a 
length of twelve inches and forged to a thickness of one 
and one-quarter inches. The flame cuts were made along 
the length of the bar through this thickness of metal to 
eliminate as many variables in the cutting process as 
possible. Steel number twenty-six was the one exception 
to this procedure. The sample of this steel was from a 
three inch square billet rolled from a one ton open-hearth 
ingot. The speed of cutting was reduced in this case 
irom twelve inches per minute to four inches per minute. 
All other cutting variables were held constant. The 
flame cut through each sample was made in such a 
manner that the samples taken for study were backed by 
at least one inch of cold metal. Two nickel alloy steels 
were included in order to determine the effect of this 
element. All of the remainder of the samples are classed 
as plain carbon steels. They contain no unusual impuri- 
ties nor do they exhibit unusual physical properties. 
Chemical composition of the various steels is given in 
lable 1. No difficulty was encountered in producing the 
flame cuts. 

* Condensation of a thesis submitted to the Department of Mining Engineer 
ng and to the Committee on Graduate Study of Stanford University in partial 


fulfillment of the requirements for the degree of Engineer, June 1939. Con 
mdoution to the Fundamental Research Division. 
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of Oxygen Cutting on Steel 


DEPTH OF THE HEAT-AFFECTED ZONE 


The depth of the heat-affected zone was measured by 
metallographic examination at a magnification of one 
hundred diameters. A micrometer ocular, calibrated 
against a ruled millimeter was used for the measurement. 


Table 1—Chemical Analysis of the Steel 


Sample Man- Phos- 
Number Carbon ganese phorus Sulphur Nickel 
5 0.05 0.03 0.005 0.005 
15 0.22 0.438 0.007 0.030 
20 0.20 0.36 0.016 0.035 
25 0.23 0.53 0.031 0.044 
26 0.26 0.60 0.014 0.072 
35 0.34 0.58 0.006 0.0384 
40 0.45 0.69 0.014 0.019 
45 0.42 0.57 0.008 0.040 
320 0.20 0.40 0.014 0.031 3.47 
345 0.45 0.61 0.012 0.018 44 


The distance measured in each case was from the first 
appearance of grain refinement to the cut edge. The 
measurement was made at a point on the kerf that re- 
ceived no effect from the extra heat supplied at the start 
and finish of the cut, nor from the lessened ability of the 
steel to withdraw heat at the sharp corners produced at 
the top and bottom of the kerf. The data obtained in 
these measurements are recorded in Table 2. 

All of the investigators of the heat-affected zone 
seem to be agreed only upon two points in so far as the 
changes in the cut surface are concerned. One of these 
changes is that the cut surface is harder, and the other 
is that the grain size of the steel is finer. The extent of 
these changes, and the effect they produce is a contro 
versial point as the factors affecting cutting are com 
plex. 

In order to gain a better idea of the nature of the 
changes it is advisable to enumerate the variables in the 
cutting process that affect the edge of the cut. These 
variables are: 


1. Speed of cutting. 

2. Number and position of preheating jets. 
3. Purity of cutting gases. 

4. Pressure of cutting gases. 

5. Size of the cutting tip. 

6. Smoothness of the cut. 


7. Temperature of the steel before cutting 
Thickness of the steel. 
9. Width of strip cut if less than one inch. 
10. Character of the steel. 


Since each of these may vary independently of the 
others, and since each variation will affect to some 
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degree the character of the edge, it is not surprising to 
find disagreement among investigators concerned with 
the problem. 


Table 2—Depth of Heat-Affected Zone on the Flame Cut 
Edge 
Samples one and one-quarter inches thick. Speed of cutting 
twelve inches per minute 


Depth of H.A. Depth of H.A. 


Sample Grade of Zone Zone 
Number Steel Millimeters Inches 
5 Armco Iron 0.67 0.026 

15 1020 0.92 0.036 
20 1020 1.04 0.041 
25 1020 1.14 0.045 
26 1025 1.01 0.040 
35 1035 1.28 0.050 
40 1040 1.25 0,049 
45 1040 1.44 0.057 
320 2320 1. 3 0.053 
345 2345 1.44 0.057 


The depth of the heat-affected zone, as it is measured 
by the metallograph, ordinarily varies between 0.004 and 
0.350 inches. The zone measured in this case is that 
portion of the steel heated above the critical range by the 
cutting process. Only the factors that tend to affect the 
heat input must be considered if metallographic changes 
alone are studied. With any given steel it may be said 
that the depth of the affected zone will vary in direct 
proportion with the heat input. 

The time during which any point of the cut surface 
is in contact with the cutting flame depends mainly upon 
speed of cutting and this in turn depends upon the thick- 
ness of the cut. With a steel of given thickness the 
limits’ of the heat-affected zone may thus be set more 
accurately as is shown by the data given in Table 2. 
Increasing the carbon content of the steel up to eutectoid 
composition produces a corresponding increase in the 
depth of the heat-affected zone. An increase of this 
kind in depth of the affected zone would be expected as 
the critical temperature of the steel decreases with the 
increase of carbon. The effect of carbon is, however, 
exaggerated by the increased susceptibility of higher 
carbon steels to heat treatment; that is, changes in grain 
size take place more rapidly and at a lower temperature. 
When the carbon content of the steel is increased above 
the eutectoid point, there is a tendency for the heat- 
affected zone to decrease in depth, probably due to the 
failure of the steel to dissolve free cementite when heated 
for a short time above the critical range. There is no 
reason to suppose that the pearlite in hypereutectoid 
steel would be less sensitive to heat changes than the 
pearlite in steel of eutectoid composition. It is also 
possible that the observed decrease in the depth of zone 
affected by thermal change is due to the greater diffi- 
culty of determining changes in grain size and micro- 
structure in the hypereutectoid range of steel. In this 
last case, the decreasing depth of zone affected by heat 
as reported by several observers would be only an 
apparent decrease. 


HARDNESS AND THE HEAT-AFFECTED ZONE 


A number of investigators have reported the hardness 
properties of the flame cut surface of various types of 
steel, but in no case have data describing the hardness 
properties of the same steel as determined by furnace 
heating and quenching accompanied these reports. In 
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order to determine the reaction of the steel to heat treat. 
ment and its ability to harden when quenched from the 
temperature range in and above the critical range, , 
series of quenches were made for each steel for varioys 
temperatures from 1300 to 1700° F. The samples testeg 
were milled to a convenient size of one-half, by one, y 
one and one-half inches. These samples were heated in 4 


pyrometrically controlled electric muffle furnace ang 
held at the desired temperature for one-half hour. The, 
were quenched with agitation in a tank of cool tap 
water. The hardness was measured by both Rockwel! 
and Brinell type machines. The two methods gaye 
comparable results. The surface tested and the sup- 
porting surface were prepared by grinding on a belt 
surface grinder and finished with a one hundred and 
fifty mesh traveling belt. The results obtained from 
these tests are shown in Table 3. 

In order to compare the hardness given the steel by 
quenching with the hardness imparted to the cut edge of 
flame cut steel, two samples were prepared by grinding a 
testing surface at a small angle with the flame cut edg 
in the same manner that Zimmerman! used to test flame 
cut steel. These samples were tested with a “Rockwell 
Superficial Hardness Machine.’’ The data obtained 
are given in Table 4. The results of these tests indicate 
that there is a definite correlation between the hardness 
of the flame cut edge and quench hardness. The shape 
of the curve of hardness on the cut edge indicates the 
degree of depth hardenability that may be expected of the 
steel. 

The hardness change occuring on the surface of the 
flame cut test sample is produced in the same manner as 
in the heat treatment of steel; that is, the metal is 
heated above the critical range and converted to auste 
nite. It is then suddenly quenched and the austenite is 
converted to martensite or one of the intermediate hard 
decomposition products of attstenite. In the case of 
flame cutting, the quenching effect is derived from the 
cold mass of metal that backs up the cut edge. Ther 
seems to be a general tendency of observers to ignore 
this quenching effect of the cold metal backing the cut 


Table 3—Quench Hardness of the Steel (Brinell) 
Temperature of the Steel at the Time of 
Quenching 
Sample Original 1300° 1400° 1500° 1600° = 1700 


Number Material F. F. F. F. F 
15 116 126 137 217 285 302 
20 111 131 163 269 352 311 
25 131 170 321 415 460 $44 
26 137 149 302 363 415 341 
40 163 197 653 653 640 578 
45 197 179 601 555 535 535 


Values given are for Brinell Machine with 3000 kilogram load 


edge although the effect is drastic and usually produces 
a martensitic zone along the face of the cut even on 
steels that are not generally regarded as water hardening 
steels. Such data as are available on the thermal gra- 
dient produced along the flame cut edge indicate that 
it is much steeper than that produced by water quench- 
ing the steel. It is common to regard only one aspect 
of this thermal gradient, that is, the heat flow into the 
new metal surface. There is no reason to believe that this 
heat will not flow away from the cut surface into the cold 
steel backing it as soon as the source, the cutting flame, 1s 
removed or passes any particular point on the suriac 
The fact is that this heat does flow from the surface with 
a speed determined by the steep thermal gradient and 
that this action produces a drastic quench. 
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Table 4—Hardness of the Flame Cut Edge 


Values Given in Rockwell Superficial Hardness Scale 15-T 
Depth of Test Below 
Flame Cut Surface, 


Steel Sample Steel Sample 


Inches No. 15 No, 26 
0.00 73 84 
0.01 74 83 
0.02 73 &4 
0.03 70 83 
0.04 68 81 
0.05 63 79 
0.06 60 77 
0.07 60 73 
0.08 59 69 
0.09 58 67 
0.10 59 65 
0.11 59 62 
0.12 61 62 
0.13 57 62 
0.14 58 61 
0.15 60 62 


Two effects of cutting: change in grain structure, and 
change in hardness, occur through the depth of the heat- 
affected zone up to the point where so much heat has 
entered the steel that the quenching effect of the cold 
metal is destroyed. If the heat input exceeds this point, 
the depth of grain structure change will continue to in- 
crease as a lineal function of the heat input while the 
hardness will fall rapidly to nearly the same value as the 
original metal. This effect of the decreasing severity 
of quench is shown in Fig. 1. The character of the 
steel exerts an important effect on the depth-hardness 
curves. Because of this fact it is necessary to divide 
steels into at least four classes depending upon the hard- 
enability. These classes of steels are: (1) The non- 
reversible steel alloys; (2) The air hardening alloys; 
3) The steels that harden only upon quenching and 
(4) The non-hardening steels of the usual low carbon 
structural and screw stock types. It is because this 
fourth group includes the greater part of all steel tonnage 
produced that flame cutting may be generally applied 
without resort to subsequent heat treatment of the 
cutedge. The steels in groups 1 and 2 are not ordinarily 
flame cut. 

It is the steels that harden severely when subjected to 
a quenching action that cause the greatest concern when 
they are flame cut. In the plain carbon series of steels, 
those containing more than 0.30% carbon usually fall 
into this group although other properties of the steel 
such as austenitic grain size, freedom from oxides and 
impurities prevent the division of groups three and four 
upon the basis of carbon content alone. When deep 
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Fig. 1—Effect of the Heat Input of the Cutting Flame 


Fig. 2—Polished Section of Steel Number 20. Edge of Material, Cut by 


Oxyacetylene Flame, Shows Increase in Carbon Content by Light Colored 


Lines of Cementite. Nital Etch. 750X 


Fig. a he Section of Steel Number 40. Carburization is Shown 
by Needles of Cementite Along Edge. Nital Etch. 750X 


hardening steels are flame cut, it becomes necessary to 
soften the cut edge or to remove it entirely by me 
chanical means if the steel is to meet the usual tests for 
ductility Ordinarily the easiest way to accomplish this 
is to anneal or temper the edge. Methods for flame 
softening of the edge immediately following or during 
cutting have been devised by the research staff of The 
Linde Air Products Company and described in an article 
by H. H. Moss.* 


CARBURIZING STEEL WITH THE CUTTING FLAME 


The apparent paradox of producing a metallic surface 
that contains an increased amount of carbon by cutting 
steel with the oxyacetylene flame has attracted the at 
tention of numerous investigators. Under most con- 
ditions oxygen has a greater preference for carbon than 
for iron, and it is natural to expect a decrease in carbon 
through the action of the cutting torch if any change at 
all should occur. Such an increase in carbon has been 
observed and described by several competent investi- 
gators so that there is little doubt regarding its actuality 
The presence of a carbon rich zone on the flame cut edge 
has been shown by both metallographic examinations 
and by chemical analysis. 

The carbon occurs in the form of needles and narrow 
bands of cementite (Fe;C) appearing on the cut edge. 
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Such an occurrence is illustrated in Figs. 2 and 3 
for a 0.20% carbon and a 0.42% carbon steel. The 
cutting conditions in both cases were identical. In Fig. 
2 the amount of cementite is small and the carburized 
area does not extend deeply into the steel. Most of the 
free cementite is on the grain boundaries. In Fig. 3 the 
zone of carburization is much deeper and more cementite 
is visible on the cut edge. The presence of needles of 
cementite within the grains along the old austenitic cleav- 
age planes indicates that the steel was saturated with 
carbon at a temperature well above the critical range. 

If it were a question only of the action of an acetylene 
flame, it would be easy to account for carburizing effects. 
Acetylene gas (C.,H2) contains two molecules each of 
carbon and hydrogen and in burning is more or less 
completely oxidized depending principally upon the 
amount of oxygen present. The following are three 
possible equations for the combustion of acetylene: 


C,H, + O. > C + CO + HO (1) 
2C,H, + 30, 4CO + (2) 
+ 502 + (3) 


Under the conditions of equation (1) the acetylene burns 
with a smoky flame and deposits carbon upon any ob- 
ject in the path of the flame; in this manner carbon 
may be deposited upon hot steel and the metal quickly 
carburized. Equation (2) represents an intermediate 


Fig. 4—Metallic Bead from Slag of Steel Number 26. Nital Etch. 750X 


Fig. 5—Same Material as in Fig. 4. Annealed at 1600° F. for Thirty 
Minutes. Nital Etch. 750X 
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state of oxidization and equation (3) complete oxidiza. 
tion as would be found in the ordinary welding flan, 
In the cutting flame, however, acetylene is used only ¢, 
heat the metal to the temperature of combustion. Mog; 
of the heat of the reaction is produced by the oxidatioy 
of the iron, and acetylene is used only incidentally jp 
the process. The effect of acetylene in carburizing the 
cut edge has been further discounted by the substity. 
tion of hydrogen for the preheating gas in which case the 
carburizing effect is observed as before. 


CARBURIZATION BY THE GASES PRODUCED IN 
BURNING THE METAL IN THE KERF 


Since there is only one other source of carbon, that js 
from the carbon in the metal itself, a number of theories 
have been formulated that attempt to explain by what 
means a metal may increase its carbon content while it 
is subject to violent oxidizing conditions. In an ex. 
periment designed to determine if the steel could be the 
source of carbon, Miller* made flame cuts through billets 
of Armco Iron in which he found little tendency toward 
carburization. He then placed a billet of high carbo: 
steel over a billet of Armco Iron and made a cut through 
both simultaneously. As the Armco Iron was heavily 
carburized, he concluded that the extra carbon came 
from the steel billet. Long before Miller made this 
experiment, Amédéo* believed that the carbon monoxicdk 
evolved in the burning of the steel in the kerf, carburized 
the solid iron with which the gas came in contact. 

This evidence does not, however, allow the explanation 
of many points of the reaction. First, it may be said 
that carbon could not be oxidized by the flame in on 
place and reduced back into the metal in another with- 
out large changes occurring in the components of the 
equilibrium condition; that fS, changes in either tem 
perature, pressure or concentration of components. In 
this case it does not matter whether the reaction proceeds 
to equilibrium or not, the tendency toward equilibrium 
makes possible the continuance of the reaction. 

There is a possibility for argument that changes 
occur in temperature and concentration of the chemical 
components. Studies by Zobel® indicate that the cutting 
oxygen, which is released at high velocity in the center 
of a small acetylene flame, passes directly through the 
kerf without much mixing with the surrounding gases. 
It is these surrounding gases that fill the kerf after the 
passage of the oxygen stream that might be supposed t 
carburize the edge of the steel while it is still heated 
above the critical temperature. 

There is one fact that cannot be accounted for by this 
explanation of the carburizing action of the cutting gas 
This is that the minute beads of metal blown from the 
kerf by the eroding action of the oxygen jet are car 
burized in the same manner as the metal forming the sides 
of the cut. This fact is so important in accounting for 
carburization that a number of samples were prepared 
and analysed in order to check the work of previous 11 
vestigators. The slags, from which these beads were 
obtained, were formed by cutting steel bars of varying 
carbon content with a machine cutting flame. The bars 
were all of the same shape, the cut was one and one 
quarter inches deep and all cutting factors such as gas 
pressure, temperature, speed of cutting, etc. were th 
same in each case. The slag and sparks formed wer 
quenched in cold water immediately upon leaving th 
cut. 

The samples for carbon analyses were prepared by 
grinding the slag and screening through a 20-mesh scree! 
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followed by a 28-mesh screen. 
these two screen sizes were reground in such a way as to 
break away the slag and leave the metallic particles in 


The particles between 


their original condition. The material was rescreened 
through a 2S-mesh screen. The oversize from this 
operation was further concentrated by rolling the round 
metallic particles away from the angular chips of slag. 
[he metallic samples obtained in this manner were 
analyzed for carbon by the ordinary combustion method. 
The results of this experiment appear in Table 5. A 
check on these results was obtained by mounting some 
of the beads in bakelite and polishing them for metallo- 
graphic examination. It was found that the metal was 
martensitic in all cases as shown by Fig. 4. Other par- 
ticles from steel no. 20 were then annealed at 1600° F. 
for thirty minutes and cooled in the furnace. Examina- 
tion revealed the normal ferrite and pearlite structure as 
shown in Fig. 5. The annealed sample was protected 
during this heat treatment by a thin coat of copper de- 
posited from a solution of CuSO,;. Annealing was con- 
ducted in a tube filled with pure wood charcoal. 

It is not possible to draw a definite conclusion as to 
the amount of carbon in the metal from the appearance 
of Fig. 5 because of the difficulty of reproducing a repre- 
sentative area, but it may definitely be said that the 
carbon content was increased by flame cutting. Results 


Table V—Carbon Content of Metallic Beads in Slag 


Steel Original Wt. of Wt. of % C in 
No. Carbon, % Beads CO, Beads 
20 0.20 0.6996 0.0073 0.28 
95 0.23 1.1360 0.0216 0.52 
26 0.26 0. 5820 0.0113 0.53 
15 0.42 1.2288 0.0341 0.76 


of analysis are definite on this point. In view of these 
results it is concluded that although carburization may 
occur in the kerf following the passage of the oxygen 
jet, there is also a carburizing action occurring during 
the actual cutting of the metal. 


CARBURIZATION BY PREFERENTIAL OXIDATION OF 
THE IRON 


In considering the reaction from this view-point, one 
is naturally lead to the conclusion that iron may be 
oxidized preferentially from the solid austenitic solution 
leaving it richer in carbon than before. This view-point 
is expressed by Tetzlaff® who writes: 

“Numerous German researches have shown that heat 
and oxygen in oxygen cutting affect the steel chemically 
and structurally. The chemical effect is related to the 
fact that the constituents of iron carbon alloys burn at 
different rates and are withdrawn from solution at the 
cutedge. The higher rate of combustion of iron as a rule 
increases the carbon content of the edge.”’ 

The reasonableness of this theory of carbon increase 
in the cut edge is at once challenged by a comparison 
with similar equilibrium conditions in other processes. 
In the open-hearth process of making steel carbon is 
preferentially oxidized from the metal bath by an at- 
mosphere less rich in oxygen than is present in the cutting 
flame. Other conditions affecting the equilibrium be- 
tween carbon, iron and oxygen such as temperature and 
pressure are similar. As far as temperature is concerned, 
we must conclude that the metal blown from the kerf is 
molten since the particles caught by quenching in water 
are almost perfect spheres as shown by Fig. 4. The 


pressure in both cases is essentially equal to atmospheric 
pressure. However, in most furnace operations the 
oxidation of carbon occurs through the medium of FeO 
and not directly by oxygen. There may be a different 
rate of oxidation in these two cases. 

The other factor that may be different in the cutting 
flame is the relative concentration of carbon monoxide 
and carbon dioxide. The amount of these two gases 
present in the cutting flame may be higher than in the 
gases present in any furnace using natural air because 
the diluting effect of nitrogen is absent in the cutting 
flame. If we assume a high oxygen efficiency in the 
cutting flame, and a steel with as much as 0.50°7, carbon, 
then it is possible for the amount of CO or COs, from the 
steel, to exceed fifty per cent of the gas evolved from the 
kerf. This amount of carbon gas evolved from the 
oxidized metal combined with the carbon monoxide 
or dioxide from the preheating acetylene gives a much 
higher percentage of these reducing gases than is found 
in furnace atmospheres. 


CARBURIZATION BY CARBON MIGRATION 


The theories that have been presented to account for 
the increase of carbon in steel each have their weak points 
and this has lead certain investigators to account for the 
phenomenon by assuming that the carbon is migrated 
from the center of the steel toward the cut edge. It is 
suggested that the steep temperature gradient created 
in the steel by the flame causes carbon to become more 
soluble in the austenite formed by the heat of cutting.’ 
There are two rather obvious facts that invalidate such 
conclusions. One is that carbon cannot migrate in steel 
unless the metal is in the form of ,the gamma isotrope, 
and the carbon is in solution with the gamma iron in the 
form of austenite. The second fact is that once the car- 
bon is in solution it will not tend to migrate unless there 
is a difference in the amount of carbon in different parts 
of the solution or unless there is an excess of carbon 
over that required for saturation. When migration is 
caused by a difference in carbon content, the direction 
of migration is from the zone of high carbon content to 
the zone of lower carbon content and cannot result in a 
concentration of carbon as occurs in flame cutting. When 
migration is caused by carbon in excess of the saturation 
point, it is possible for a concentration to be caused by a 
temperature differential, but these conditions are only 
found in hypereutectoid steels. Moreover, it must be 
admitted that no similar concentration of carbon occurs 
in spot welding or resistance welding of steel. And since 
this process produces an equivalent temperature differ 
ential to the flame cutting process, a direct comparison 
may be made of the results produced. 


THE DESIRABILITY OF PRODUCING A CARBURIZING 
EFFECT 


In addition to the academic interest in the causes 
of carburization during flame cutting, there is consider 
able practical importance attached to this phenomenon. 
If (as would at first be expected) there were produced a 
decarburized zone on the surface of flame cut steel, there 
would ordinarily be more cause for objection to the 
process. In most objects manufactured from steel there 
is a need for a strong tough surface layer to resist abra 
sion and the concentration of bending stresses in the sur- 
face fibers. This extra toughness is supplied in flame 
cutting ordinary steel. It is only when the higher carbon 
steels are cut that the amount of carbon in the cut edge 
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becomes high enough to make the edge brittle and 
subject to cracking on bending. 

The danger point is reached in cutting those steels 
that are so affected by the acetylene torch that hair 
cracks are apt to result in the cut edge. The presence of 


these cracks becomes dangerous when the steel is later 


subject to shock, as is so much more common in the 
higher carbon than in the mild carbon steels. The cracks 
become the starting point for fatigue breaks and gen- 
erally reduce the shock resisting ability of a steel so 
treated. 

There are three reasons why the higher carbon steels 
are more readily carburized in this manner than the mild 
steels. First the carbon deposited upon the surface 
of a high carbon steel is absorbed more readily and at a 
greater rate of speed. This fact is shown by the general 
occurence of McQuaid-Ehn normality in this class of 
steel. This has been verified by direct experiments upon 
the casing rate of mild and high carbon steel. Second, 
the high carbon steels have a lower transformation point 
and thus a longer period of time to absorb carbon. 
Third, the high carbon steel provides in burning a con- 
siderable amount of carbon monoxide or dioxide that 
becomes available for carburizing the steel, or at least 
in reducing the tendency of the carbon in the steel to 
be oxidized. 


PROPERTIES OF FLAME CUT NICKEL STEELS 


The common nickel alloy steels, of the S.A.E. series, 
offer no special difficulties to flame cutting and except for 
their greater sensitivity to heat treatment exhibit ap- 
proximately the same characteristics as to physical prop- 
erties as are shown by plain carbon steels when they are 
similarly treated. The nickel content of these steels 
is ordinarily less than five or six per cent, an amount of 
alloying element that does not prevent the steel from 
undergoing the usual transformation from the gamma to 
the alpha type of crystallization on cooling slowly. The 
nickel content does lower the temperature of transfor- 
mation and increase the ability of the steel to deep 
harden by shifting the “‘S curve” to the right. These 
properties tend to produce a somewhat greater depth of 
the heat-affected zone in the nickel steels but the degree 
of hardness is not changed. 

Nickel is much less readily oxidized than iron and 
in all ferrous alloys it tends to stay in the metallic state. 
This is clearly demonstrated by the impossibility of 
oxidizing nickel in the open-hearth furnace. Regardless 
of the methods used in refining, the nickel in the molten 
bath remains alloyed with the steel and cannot be in- 
duced to enter the slag in an appreciable quantity. 
Somewhat similar conditions occur during flame cutting 
as are present in the open-hearth furnace and it is logical 
to expect a tendency toward preferential oxidization of 
the iron. There is little indication, however, that the 
metal along the kerf is molten during cutting; and 
it would be expected that any metallic nickel residue 
would be removed mechanically either in the slag or in 
particles blown away by the oxygen jet. That much of 
the nickel is not removed, but remains in a concentrated 
layer on the flame cut surface, is demonstrated by micro- 
examination and by chemical analysis. The extent to 
which this enrichment may occur was shown by Plienin- 
ger’ in 1914. He reported a layer of pure nickel 0.004 
inch deep produced by cutting steel containing 22.25% 


In order to determine the extent of nickel enrichment 
occurring during flame cutting of the common nicke] 
steels, two test samples of an analysis corresponding to 
S.A.E. 2320 and 2345, were forged to a thickness of one 
and one-quarter inches by twelve inches long. These 
specimens were then flame cut through the long axis 
under standard cutting conditions for this thickness of 
steel. The cuts were smooth and showed a normal drag. 
A metallographic examination of the cut edge revealed 
the structures shown in Figs. 6 and 7. The increase ip 
nickel on the edge was further checked by analyzing a 
sample filed from the steel specimens. The results of 
this analysis probably tend to be low because of the difi- 
culty of obtaining a sample of the austenitic zone without 
including an indefinite amount of the underlying metal, 
The analysis given in Table 6 clearly demonstrates that 
the edge is much higher in nickel than the original metal 

The efficiency with which the nickel is increased on the 
new surface produced in cutting is one of the most diffi- 
cult points to explain. Figure 8 shows a diagrammatic 
sketch of the kerf produced in cutting. The scale is ap- 
proximately ten times natural size. If all of the nickel 
originally contained in the metal from A to A’ were to be 
retained on the new surface, the percentage increase per 
unit depth of the nickel increased zone would be the dis- 
tance A—A’ multiplied by the nickel content of the origi- 
nal steel. Thus with a three per cent nickel steel and a 


Table 6—Nickel Content of Metal from Flame Cut Edge 


Original Metal 


Metal from Cut Edge 
Sample 


/O _40 % 
No. S.A.E. Carbon Nickel Carbon Nickel 
320 2320 0.20 3.47 0.48 Q 28 
345 2345 0.45 3.44 0.82 10.84 


kerf width of one-tenth of an inch the increase in per cent 
of nickel for one one-hundredth of an inch would be five 
times three or fifteen per cent. In the steel samples No 
320 and No. 345 the inerease of nickel for one one-hund- 
redth of an inch was about seven per cent. In this case, 
the efficiency must have approached fifty per cent, but as 
has been noted, the sample filed from the edge was con- 
taminated with the underlying metal and the actual 
nickel value of the surface must have been somewhat 
higher and the efficiency correspondingly greater. 

In order to determine if this conclusion as to the ef- 
ficiency of the transfer of nickel to the new surface was 
correct, an analysis of the slag produced in cutting was 
undertaken. The large amount of metallic particles in 
the slag prevented correct sampling, and it was necessary 
to run separate assays for these large metallic lumps 
Accuracy of sampling the remainder of the slag which als 
contained many smaller metallic particles was increased 
by dissolving a ten gram sample and taking a portion 0! 
the solution for analysis. The total iron content of the 
slag was determined in order to evaluate the nickel analy 
sis in terms of the original metal. Results are recorded 
in Table 7. In order to make a comparison between thiese 
results and the nickel value of the original metal it 1s 


Table 7—Analysis of Slags from Nickel Steels 
% Nickel % Nickel 


Total Wt. Wt. of in in Re- 
nickel. The cut edge was steel-gray in color and the Number Slag 
total depth of the heat-affected zone was 0.11 inch. 320 79.8 1.9450 5.73 2.16 7 
Most of the edge was martensitic. Filings from this 345 109.8 2.4757 11.88 2.04 7 

340-s WELDING RESEARCH SUPPLEMENT SEPTEMBER 


Fig. 
Zon 


ne 


an 


Or 


I 


= 

of 

= 

i 

{ 

th 

al 

th 

bi 

he 

w 

— in 

in 

ri 

Ww 

cl 

tl 

i 


Fig. 6—Edge of Flame Cut Nickel Steel No. 320(100X). The Light Colored 
Zone Along the Edge Is Austenite Which Is Prevented from Decomposing 
by Its High Nickel Content 


Fig. 7—Edge of Flame Cut Nickel Steel No. 345 


necessary to base the nickel assays on the total iron value 
of the slag, and to combine the values found for metallics 
and fines as is done in Table 8. The results obtained in 


Table 8—Calculation of Nickel Loss in Slag 


Total Nickel % Nickel in 


in Remainder Metallicsand % Nickel in % Decrease 


of Slag Based Slag Based on Original of Nickel 

on Iron Content Iron Content Metal in Slag 
2.72 2.82 3.47 18.73 
2.63 2.90 3.44 15.70 


this manner do not check the calculations made from the 
analysis of the filings obtained from the cut edge, al- 
though they do show a definite loss of nickel in the slag or 
by inference a retention of nickel on the cut edge. Per- 
haps the largest error introduced into the first calculation 
was in assuming that the kerf was only one-tenth of an 
inch in width. Another error may have been introduced 
in assuming that the nickel coating on the cut surface was 
of uniform nickel content. It may be progressively 
richer in nickel toward the surface, in which case, there 
would be a considerable error introduced in sampling. 
The effect of this accumulation of nickel on the flame 
cut surface is reflected in a number of ways. Increasing 
the amount of nickel up to twenty-five per cent decreases 


the temperature at which austenite begins to decompose 
from 900 to 345° C. This combined with the effect of 
the increase of carbon along the edge, which also lowers 
the temperature of decomposition, makes it possible for 
the edge of the steel to remain austenitic when it is rap- 
idly cooled from the reaction temperature of the cutting 
flame by the mass of cold metal behind the heat-affected 
zone. The effect of nickel is so large in most cases that 
even when the cut edge is softened by treating it with an 
annealing flame the austenitic zone persists. Further 
proof that the edge of the steel was in the austenitic condi- 
tion was obtained by treating a sample of the steel with a 
dilute solution of copper sulphate in water. Metallic 
copper was deposited from this salt upon all of the sur 
faces of the specimen except the one made by flame cut- 
ting. This isa common shop method of testing for stain- 
lessness in steels and is effective in revealing the austen- 
itic steels. The fact that the edge was proved to be 
austenitic by these tests is a good indication that the 
nickel content of the cut edge must be over ten per cent 
as it is difficult even with proper heat treatment to retain 
any quantity of austenite in steels of low alloy content 
Other alloying elements occurring in steel may be con- 
centrated on the cut edge in a manner similar to the con 
centration of nickel. There is some indication from the 
work of Moss that manganese and silicon act in this 
fashion and tend to produce an austenitic surface on flame 
cut steels. The effectiveness of these elements in produc- 
ing the austenitic zone does not seem to be so large as is 
the case with nickel, but no exact tests have been made to 
determine this point. Apparently the effectiveness of the 
alloy to remain as a coating on the edge of the steel is a 
function of the ease with which the alloy is oxidized. 


TESTING STEEL WITH THE CUTTING FLAME 


In many instances the micro-structure along the flame 
cut surface has been used to study the cutting flame and 
its effect on steel. These studies have revealed that the 
character and composition of the steel largely determine 
the nature of the changes that are wrought in the steel 
along the new surface. Thus, the possibility of using the 
structure of the heat-affected zone to study the character 
of the steelis apparent. During the present examination 
data were sought to confirm this point. The resulting 
development is a method of testing steel for its reaction 
to heat treatment with the cutting flame. 

This method of studying the character of the steel is 
possible only when all variables arising from fluctuations 
in the cutting process have been removed or reduced to a 
constant value that may be discounted in application of 
the test. Two steels cannot be compared upon the na 
ture of the cut edge if the edge is changed by variations in 
cutting speed, temperature or any of several other vari 
ables. These must be held constant. It also must be 
remembered that in commercial flame cutting the object 
is to produce a smooth cut to exact dimensions with a 
minimum effect on the metal surface, and the greatest 
economy of gas, metal and time. In flame testing the 
object is to produce the greatest possible variance of steel 
structure under rigidly controlled cutting conditions 


MICRO-STRUCTURES FORMED BY FLAME CUTTING 


Examination of the flame cut edge along a plane nor- 
mal to the cut surface reveals a number of distinct type 
structures. For convenience in studying these struc 
tures the flame affected area has been separated into a 
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AUSTENITIC ZONE WITH 
INCREASE IN NICKEL 


KERF PRODUCED IN CUTTING 


HEAT AFFECTED ZONE 


SCALE 10:1 DIRECTION OF 


Fig. 8—Diagrammatic Representation of the Formation of Nickel Bearing 
Zone During Cutting 


number of zones each of different micro-structure as illus- 
trated in Fig. 9. These zones are: 


1. The structure of the normal metal before cutting. 

2. A zone showing the transition grain size resulting 
from the alteration of the alpha crystalline phase 
to the gamma crystalline phase that occurs on 
heating. 

3. A zone showing small austenitic grain size which 
is made apparent by the size of the resulting mar- 
tensitic grain. 

4. A zone showing large austenitic grain size by the 
appearance of the martensitic grain. 

5. A carburized hypereutectoid zone showing needles 
of free cementite. 


~ 


In addition to these five zones appearing in plain carbon 
steel, an austenitic zone is produced in certain alloy steels 
by the accumulation of the alloying element upon the cut 
edge as described under the cutting of nickel steels. 
There is a certain amount of evidence to indicate that 
alloys of the solid solution type such as manganese and 
silicon react in a manner similar to the nickel steels. 
When a white austenitic zone is formed in flame testing 
or in any flame cutting, it is due to the presence of ap- 
preciable amounts of alloying metals. This provides a 
convenient method of checking the presence of some 
alloys with the metallograph even when these alloys are 
present in amounts as low as one per cent in the steel. 

During the flame cutting of carbon steel the intense 
heating to which the edge is subjected causes the steel to 
become austenitic. The transition between the normal 
steel and the metal of the heated edge is clearly shown by 
metallographic examination. The second cut in Fig. 9 
shows the nature of this transition zone. The tendency 
of the grains of both ferrite and pearlite to break up into 
smaller grains is marked. The pearlite has lost its char- 
acteristic laminated structure indicating that it was par- 
tially transformed into austenite during cutting and that 
the metal in this transition zone was heated just above 
the lower critical point. In the case of the slow heating 
in ordinary heat treating operations it is usual to find 
little change in the size of the ferrite grains until the 
metal has been heated close to or above Ac; and held until 
most, if not all, of the metal has formed austenite. Upon 
cooling, the excess ferrite is forced out of solution on the 
boundaries of the austenitic grains with the result that 
there is often a refinement of the grain size of the steel. 
In flame cutting, the metal in the transition zone has ap- 
parently gone through this same cycle but such has been 
the rate of heating and cooling that the refinement of 
grain size is greatly intensified. 

The third cut in Fig. 9 shows a martensitic structure re- 
sulting from the completion of transformation and the 
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subsequent rapid cooling of the metal. The grain size 
represented is the same as the austenitic grain size at the 
time of itsformation. The magnitude of this crystal size 
is important as it represents the size of the grain that 
may be attained by extremely rapid heating followed by 
rapid cooling. Grain size greatly influences the physical 
properties of steel, and it may be possible to predict some 
of the property changes resulting from annealing or other 
heat treatment processes by correlation with the size of 
the nascent austenitic grain as shown by flame cutting. 

. The growth of the austenitic grain is shown by the size 
of the martensitic grain appearing in the third cut of 
Fig.9. The rate and temperature at which the austenitic 
grain growth takes place is not the same for all steels 
In certain types of steel the austenite is sluggish and 


Fig. 9—Photomicrograph of Structures Revealed in Steel Number 4°. 
(S.A.E. 1040) 
Norma! metal. 750 
Flame cut edge—transition zone. 750» 
Flame cut edge—smal! austenit c grain. 750 
Flame cut edge—!arge austenitic grain. 750 X 
Flame cut edge—carburized zone. 750 
McQuaid Ehn carburized zone. 75 
(Carburized at 1700° F for eight hours) 
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does not tend to increase in grain size as the temperature 
is raised above the upper critical point. Such steels are 
known as “grain controlled’’ steels, and are usually 
pri duced by adding aluminum to the molten metal while 
it isin the Jadle. The aluminum reacts with the oxygen 
in the metal to form aluminum oxide, but whether the 
effect of aluminum in producing fine grain is due to the 
dispersed particles of oxide or to the aluminum in solu- 
tion in the steel is still a controversial point. 

The point of chief interest from a testing standpoint 
is the differentiation of ‘‘grain controlled”’ steels from the 
steels whose austenitic grains grow normally. This de- 
termination resolves itself into a problem of degree as all 
steels will form small or large grains depending upon the 
temperature to which they are heated and the time at 
the elevated temperature. In the case of “grain con- 
trolled’’ steels, the flame test shows a wider zone of small 
grain size at the expense of the zone of coarse grain size, 
and as the width of this zone is not marked by definite 
boundaries, it is difficult to determine quantitatively the 
extent to which the grain is controlled. Quantitative 
determination is usually not important because “‘grain 
controlled”’ steels are nearly always made in such a man- 
ner that the grain will be as small as possible while the 
coarse grained steels, on the other hand, show little 
tendency to retain the fine austenitic grain when heated 
much above the critical range. 

Ordinarily commercial steel, containing less than 
twenty-five to thirty-five hundredths per cent carbon, 
will form martensite only with the most drastic quench 
and will exhibit a great tendency to expel ferrite from 
solution or will not take all of the ferrite into solution when 
the steel is heated above the upper critical point. The 
division between steels that harden satisfactorily upon 
quenching from a temperature above the upper critical 
point and the steels that do not harden in this manner can- 
not be made upon a basis of carbon content alone as it is 
found that some low carbon steels are susceptible to heat 
treatment and harden greatly when quenched, while 
other medium carbon steels do not. The ability to 
harden and to increase the physical properties that ac- 
companies hardening depends largely upon the ability of 
the steel to dissolve all of the ferrite in the austenitic solid 
solution and to hold the ferrite uniformly dispersed in 
the form of martensite when the steel is quenched. A 
steel possessing this characteristic is called a “‘regenerat- 
steel. 

Ability to absorb and retain all of the free ferrite in the 
martensite is measured in flame testing by the appearance 
of the grain boundaries of the martensitic zone, particu- 
larly of that part of the heat-affected edge which attains 
a large austenitic grain as shown in the fourth cut of 
Fig. 9. If the steel is completely ‘‘regenerating,”’ it will 
form uniform martensite in this part of the heat-affected 
zone as does the steel used for illustration in Fig. 9. If 
the steel is ‘‘non-regenerating,’’ it will have free ferrite 
along the edge of the martensitic grains. In flame test- 
ing, the temperature of the edge of the steel may ap- 
proach the melting point and under these conditions it 
is possible for almost any type of steel to absorb all of 
its free ferrite in the austenitic solution. When this type 
of steel is cooled from these high temperatures, it tends 
to throw some of the ferrite out of solution before the 
critical range is reached even when the rate of cooling is 
very rapid as it is in flame cutting. As the austenitic 
solution from which the ferrite is discharged is in the 
gamma crystalline form, the free ferrite thus discharged 
irom solution has a characteristic appearance greatly re- 
sembling some of the structures that are grouped under 
the term ‘‘Widmanstatten Structure.” 
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THE MCQUAID-EHN TEST AND FLAME TESTING 


The ability of steel when heated above the critical range 
to migrate carbon is employed in the McQuaid-Ehn test 
to determine some of the properties of the steel in the 
austenitic state. Originally the test was employed to 
select steel for case carburizing purposes, but its use has 
been extended to the determination of the austenitic 
grain size and to the reaction of the steel to heat treat 
ment in general. The steel to be tested is heated in a 
special carburizing compound to 1700° F. and held at 
that temperature for sufficient time to produce a hyper 
eutectoid case on the surface of the specimen. Ordi 
narily the time at this temperature is eight hours, al 
though this may be shortened under certain conditions. 
The specimen must be cooled slowly to permit the forma 
tion of pearlite and allow the excess cementite to accumu 
late on the grain boundaries. The appearance of the 
splines of cementite on the grain boundaries is found to 
be narrow and continuous in normal steels and the grains 
completely pearlitic. Abnormal steels exhibit thickened 
splines and accumulation of cementite in masses with dis 
continuous formation of the cementite splines. The 
pearlite tends to be coarse and irregularly linear and 
breaks down at the grain boundaries into masses of ce 
mentite and ferrite—a condition that causes the forma- 
tion of soft spots on case carburized articles. The grada- 
tion between normal and abnormal steels is continuous 
so that any degree of normality may be observed 

There appears to be a definite relationship between 
“normality” as shown by the McQuaid-Ehn Test and the 
appearance of the hyper-eutectoid zone of the carburized 
flame cut edge. Steels that form coarse grains in this 
zone are found to be normal. The same narrow splines 
of cementite are found along the flame cut edge of normal 
steels while the abnormal steels show a thickening of the 
splines and a tendency toward the formation of soft spots 
marked by patches of free ferrite on the carburized edge 
There is a marked tendency for abnormal steel to show a 
fine grain in the flame cut carburized zone. Cases of 
fine grained normal steel are occasionally reported. It 
is probable that the determining factors as to both 
normality and grain size originate in the melting practice 
and may be independent. Steels with controlled 
austenitic grain are ordinarily made in such a way that 
they give an abnormal reaction to the McQuaid-Ehn 
Test. 

The ability of the steel to absorb and migrate carbon 
is thus revealed in flame testing by the appearance of 
the carburized zone. The hyper-eutectoid zone is 
formed on the edge of the steel by the action of the cut- 
ting flame, and during cooling the excess cementite is 
forced to the grain boundaries, or deposited along the 
cleavage planes of the austenitic grains in a characteris 
tic triangular pattern. Cooling is too rapid to permit 
the formation of normal pearlite, but the appearance of 
the cementite splines in the flame cut carburized zone 1s 
strikingly similar to their appearance in the McQuaid 
Ehn Test. This is especially true of the normal steels 
as shown by Fig. 9. In this illustration the bottom cut 
shows the appearance of the hyper-eutectoid zone formed 
in the McQuaid-Ehn Test while the cut just above shows 
the appearance of the carburized zone formed during 
flame testing. The degree of magnification for compari 
son is not the same in the two tests as the flame cut edge 
has a much finer grained structure and must be examined 
at one-thousand diameters as compared with one hun 
dred diameters commonly used in the McQuaid-Ehn 
Test.* 


* Microphotographs reduced 25% reproduction 
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STANDARD CONDITIONS FOR FLAME TESTING 


It is necessary to adhere to a more or less set routine 
in any method of testing. This is particularly true of 
flame testing as there are a number of variables in the 
cutting process that may alter the appearance of the 
microstructure and make an interruption of the test 
doubtful or impossible. In order to eliminate these vari- 
ables, it is necessary to: 


1. Produce the cut upon a standard shape and size 
of steel specimen. 

2. Use a standard type of cutting apparatus. (Hand 
controlled flame cuts cannot be used because of the im- 
possibility of accurate control.) 

4. Hold the temperature of the specimen before cut- 
ting to a room temperature range, 60 to 80° F. 

4. Use a constant speed of cutting. 

5. Use a definite ratio of preheat acetylene to cutting 
oxygen. 

6. Use a standard cutting tip. 

7. Examine the heat-affected zone at a definite 
magnification. 


The problem of selecting the most desirable shape 
and size of specimen for flame testing involves several 
variables. The depth of the cut produced in the steel 
largely determines the speed of cutting, and it is neces- 
sary to have sufficient thickness of metal to allow a rela- 
tively slow cutting speed. By slowing the cutting 
speed, the contact between metal and flame will be 
greater and the corresponding effect upon the metal will 
increase. A thickness of one inch will give the desired 
results. The use of a sample having a width of at least 
one and one-half inches is of particular importance 
because of the quenching effect of the cold metal. 

Quenching tests on plain carbon steel indicate that 
normal transformation of austenite to pearlite will occur 
when the heat of a metal sample must flow a greater 
distance than one inch no matter what thermal gradient 
is produced at the quenched surface. This is, then, the 
limit of the useful width of the sample from the stand- 
point of quench effect. An additional one-half of an 
inch must be allowed for producing the cut, which makes 
the total width of the standard sample one and one-half 
inches. The length of the sample is immaterial as long 
as the metallographic sample is taken at least one inch 
from the start of the cut so that it will not be affected by 
the extra heating required to begin cutting. A total 
length of three inches is sufficient for the sample before 
cutting. 

The flame cutting of the standard sample must be 
made on a precision cutting machine. Hand controlled 
torches are not sufficiently accurate. For the standard 
sample described, a cutting speed of fourteen inches per 
minute is recommended. The diameter of the cutting 
orifice should closely approximate five-hundredths of an 
inch. A precision type cutting tip is recommended. 
Oxygen pressure should be thirty pounds per square 
inch. Acetylene pressure varies according to the type 
of cutting equipment and must be taken from the manu- 
facturer’s recommendations. The cut edge should be 
smooth and free from irregularities caused by improper 
manipulation of the cutting machine. 
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The metallographic sample should be sawed from the 
flame cut sample. The saw cut should be started oppo. 
site the flame cut edge. In specimens with austenitic or 
deep martensitic zones on the cut edge, the final separa. 
tion of the me tallographic sample may be made by 
breaking the test piece as the flame cut edge cannot be 
cut with the hacksaw. The face of the me tallographic 
sample should be ground on an emery wheel to insure 
mounting the specimen with the flame cut normal to the 
polishing surface. During this grinding the sample 
should be kept cool by frequently plunging it into cold 
water. This will prevent decomposition of the marten- 
site or other unstable constituents. Two samples should 
be mounted in bakelite with the flame cut edges adjoin 
ing. This will prevent rounding of the cut edge during 
polishing. If there is only one flame test sample to ex- 
amine, choose two metallographic samples whose sur 
faces will be normal to each other as well as normal to 
the cut surface 

Metallographic examination of the flame cut edge 
must be carefully made as many types of structure are 
crowded into a narrow area. The magnification at 
which the cut edge of the steel sample is examined is 
especially important as the structures produced by 
flame testing are much smaller than similar structures 
produced by furnace heat treatment. Because of the 
fineness of the grain size and the structures produced on 
the cut edge, the higher degrees of magnification are 
usually the most useful in flame testing. Routine ex 
amination should be made at both one-hundred and 
one-thousand diameters. 
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CHANGES IN THE SHAPE OF 


Spherical Spot-Welding Electrodes 


By WENDELL F. HESS, D.ENG,{ and ROBERT A. WYANT, E.E.+} 


INTRODUCTION 


HERE is quite a division of opinion among the users 

of spot welding in industry as to the relative merits 

of flat electrodes and spherical or dome-shaped tips. 
There is also some divergence of opinion as to the angle 
of the tapered approach to the flat face and as to the 
proper radius of the dome-shaped tip. Most of the pre- 
vious work done in this laboratory was with flat tips for 
the reason that these tips could be more perfectly con- 
trolled as to shape and size, and did not require extensive 
conditioning in the machine to reach a stable shape. 
Current densities and pressure densities could also be 
more readily controlled when using flat tips. Curves of 
strength, diameter and indentation for a series of welds 
made with spherical electrodes were shown, together with 
a comparable series of welds made with flat tips, in a 
paper last year.' As suggested there, much of the prefer- 
ence for dome-shaped electrodes rests on the ease of align- 
ment in the machine, as compared with flat tips. If the 
latter are not carefully aligned, burned and misshapen 
welds will result. On the other hand, the machining of 
flat tips is somewhat simpler. 

Because of the industrial importance of the dome- 
shaped electrode, members of the Welding Research Com- 
mittee interested in resistance welding felt that some 
study in this field was warranted. This paper is a re- 
port on some preliminary studies, undertaken with a view 
to opening up the field. There are gaps in the present 
work, time for the filling of which was not available in 
this year’s program. The general direction for a very 
wide amount of future work is indicated. 

It should be emphasized that work in this field is 
necessarily very time consuming, as compared with flat 
ip studies. For every set of conditions which it is de- 
sired to study, a very large number of welds must be 
made to follow changes in shape, note trends in weld 
quality, size, strength and approach to stability. The 
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magnitude of the task may be appreciated when it is 
realized that for a complete picture we are interested in 
the effect of changes in current, pressure, time, radius of 
dome; kind, thickness and condition of material; elec- 
trode material, speed of welding, electrode cooling, et 
cetera. With flat tips we may change conditions at will, 
make a few welds, determine the results, and then make 
whatever changes are indicated in tHe direction of further 
improvement. When working with domes, the results of 
a whole series of welds may be open to question because 
of a slightly excessive current or other departure from 
proper conditions. It follows, therefore, that little 
fundamental work should be undertaken with dome- 
shaped electrodes until its scope has been circumscribed 
in so far as possible by the findings of previous work with 
flat tips 

Before commencing the experimental work here de- 
scribed, and in order to make use of optimum pressure 
densities determined in flat tip studies, a mathematical 
study was made of maximum and average pressure densi 
ties, as a function of total electrode pressure. This study 
was for the case of an elastic sphere in contact with an 
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Fig. 2—Profile and Hardness of Electrodes 
After Series B Welds 


unyielding plane, but the relations obtained are not pre- 
sented here for the reason that at the present writing they 
seem to have little practical application. This is be- 
cause, under the welding heat, the centers of the tips be- 
come soft after only a very few welds and plastic deforma- 
tion produces a flat spot. 

Lest any one wonder by what quirk of the mind the 
electrode pressures used in this investigation were 
selected, they came out of the mathematical study men- 
tioned above. It so happened that they were well 
spread for the purposes of this study, being slightly low, 
medium and slightly high. The time for all of this work 
was six cycles, selected as optimum from the flat tip studies 
on the same material. Currents were also selected in ac- 
cordance with information obtained in the flat tip studies. 

In order to measure the changes in shape of the elec- 
trode tips an accurate profilometer was constructed as de- 
scribed below. Lead disks were used to take impressions 
of the electrode faces as frequently as desired during runs, 
since it was convenient to profile the tips themselves only 
when they were out of the machine at the beginning and 
end of each run. The changes in shape of the electrode 
are satisfactorily accentuated by plotting the measure- 
ments taken parallel to the electrode axis, to a suitable 
magnification. Examination of etched cross sections 
showed one of the most striking results of the work, the 
very important difference between oily and degreased 
stock. The microsections also showed the erratic 
changes which may occur through the course of a series 
of welds on oily stock, and the consistency of the weld 
sections obtained with clean stock and clean tips. 


MATERIAL AND PREPARATION 


The welds were made in strips of an automobile grade 
mild steel 0.036 inch in thickness and having a carbon 
content of about 0.05 per cent. This steel had been pro- 
cessed by cold rolling to a very smooth finish and then 
annealed in a protective atmosphere to prepare it for 
deep drawing operations, and at the same time preserve 
the smooth, bright finish. 

When received the steel was in a very oily condition. 
For the first three series (A, B and C) of welds the excess 
oil was simply wiped from the steel. For the last three 
series (D, EF and F) the steel was washed in a boiling solu- 
tion of tri-sodium phosphate, rinsed in boiling water and 
wiped dry. 

The electrode material was a copper alloy of approxi- 
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Fig. 3—Profile and Hardness of Electrodes 
After Series C Welds 


DISTANCE IN INCHES 


Fig. 4—Profile and Hardness of Electrodes 
After Series E Welds 


mately 80 Rockwell B hardness, 85 per cent electrical 
conductivity and elastic limit of 60,000 psi. The spheri 
cal surfaces on the electrode tips were obtained by car 
ful machining prior to each series of welds. The outsick 
diameter of the tips was 1'/, inches. 

In each of the first three series (A, B and C) of welds 
no attention was given the tips once they were installed 
in the machine. In each of the last three series (), 
and F) the tips were cleaned after every fifty welds by 
swabbing with a 50 per cent solution of nitric acid to re 
move the black deposit. 


PROCEDURE 


To tollow the changes in shape of the electrodes a 
method of profile measurement was developed. This 
method consists of taking impressions of the electrod 
tips in lead disks after every one-hundred welds or mor 
frequently when desired. The profiles of these impres 
sions are then measured by means of the profilometer 
shown in Fig. 1. This equipment consists of a table upon 
which the lead disks are clamped. Traverse screws art 
provided for moving the table in either of two directions 
with precise control of the movement. A dial indicator 
(0.0001-inch graduations) is mounted on a bridge above 
the table. Provision is made for the vertical movement 
of this indicator for its initial setting. A profile is ob 
tained by moving the specimen along beneath the feeler 
point of the dial indicator gage. The results of the mea 
surements are plotted directly on coordinate paper as 
shown in Figs. 2, 3 and 4. 

The hardness surveys of the electrode tips are made 
a Vickers hardness testing machine. The traverse table 
described above as part of the profilometer is transferred 
to the Vickers machine for positioning of the tips beneath 
the diamond indenter. In making the hardness measurt 
ments a load of only one kilogram was used in order t 
keep the indentations small in the surface of the tips 

The welding was done in a press welder. In this 
welder, which is motor operated through a toggle mecha 
nism, the pressure is cushioned by an air cylinder. 
Ample water cooling was provided for the electrodes 
The welding current was controlled by varying the pm 
mary voltage on the machine. The current was mea 
sured by means of an oscillograph and secondary shunt as 
described in a previous paper.’ 

4 “Studies of the Spot Welding of Low Carbon and Stainless Steels,” 


Hess and R. L. Ringer, Jr., Research Supplement, AMERICAN WELDING 50¢ 
ETY, Oct. 1938, pp. 39-48. 
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In making a series of welds, profile and hardness 
measurements are first made on the tips before they are 
installed in the machine. This is done to determine the 
initial hardness condition and to insure that the tips 
have been machined accurately to the proper radius. In 
making the first few welds the current is gradually in- 
creased from a low value until expulsion of metal takes 
place rhe current is then reduced slightly to a value at 
which no expulsion occurs. The primary voltage is left 
at this setting for the remainder of the series. After this 
setting has been established and after every hundred 
welds are made, a lead i impre ssion is taken of the tips, an 
oscillogram of the current is obtained and three speci- 
mens are welded for test purposes. The welds for test 
purposes were made in the form of single-spot lap-weld 
specimens which were later pulled in tension in an 
hydraulic testing machine. During the intervals be- 
tween these interruptions the welds are made at an ap 
proximately uniform rate which in this study averaged 
about three hundred welds per hour. At the completion 
of the series the tips are removed from the machine and 
again subjected to hardness and profile measurements. 
Diameters of flat spots on electrode tips, obtained from 
profiles of the actual tips, checked those obtained from 
lead disk impressions within one or two thousandths of 
an inch. 


PROFILES 


In the course of making each series of welds it was 
found that a very flat spot appeared on the electrode tips 
after just a few welds had been made. The diameter of 
this flat spot increased as the welding progressed. The 
total change in the tip profile during the B series is shown 
in Fig. 2. It should be noted that, in order to effectively 
show the details of the change in curvature, it was neces- 
sary to magnify the vertical scale fifty times with respect 
to the horizontal scale. The dotted curve represents the 
original profile. 

The hardness values plotted in Fig. 2 were obtained at 
. end of the series. This curve shows that in the 

egion of the flat contact area the electrode material had 
aiden from its original hardness of 150 Vickers or 80 
Rockwell B. Figure 3 shows similar curves for the C 
series. The hardness curve for this series shows that the 
electrode material had softened for some distance from 
the contact area. It is believed that this was due in 


part to the higher current, and in part to the fact that 
more welds had been made with the tips. In dressing the 
tips between the different series only enough metal was 
removed to bring the tips to the proper radius. There 
fore the softening effect was partly cumulative from series 
to series. The work indicated that under the existing 
conditions, a hardness of about 70 Vickers was the lower 
hardness limit at the flat contact area. 

Figure 4 shows corresponding curves for the & series of 
welds which were made with one and one-half-inch radius 
tips instead of four-inch radius tips. In this figure the 
vertical scale was magnified only twenty-five times, due 
to the greater curvature encountered. In this series the 
hardness outside the flat contact area remained at its 
original value due to the low current and comparatively 
small number of welds that had been made with the tips 

The hard material, just outside the softened contact 
area, may act as a retaining ring to prevent the flow of 
the softer material, thus preserving the contour and 
lengthening the life of the tips. As shown in the present 
studies, the extent of the softening outside the contact 
area, and of the change of shape, depends on the current 
and pressure, among other factors. It is therefore possi 
ble that a set of conditions of current and pressure could 
be found, such that the softening and change of shape 
would proceed just so far, and then a stable profile 
would be maintained. It is quite probable that the 
experience, found occasionally in practice, of a set of 
electrodes making welds without attention and without 
appreciable change in profile, up into the tens of thou 
sands, is based on the attainment of such an equilibrium. 
On the other hand, the condition frequently encountered 
of severe mushrooming, is doubtless due to a poor bal 
ance of current and pressure, together with insufficient 
electrode diameter and inadequate water cooling. This 
condition permits extensive softening outside the con- 
tact area, thus losing the benefit of the retaining ring. 
This retaining-ring action is probably the reason why 
dome-shaped tips may outlast flat tips between dress 
ings. It is also the reason why some users of flat tips 
prefer the 30° taper outside the flat area, to the common 
taper of 45° 

The retaining ring of hard electrode material just out 
ide the contact area acts in other ways than in the pres 
ervation of electrode contour. As the electrodes sink 
into the softened sheet during welding, the retaining 
rings come into contact with the sheets just outside the 
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Fig. 5—Variation in Diameter of Flat Area on Fi 
Tips with Number of Welds Made in Series 
A, Band C 
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g. 6—Variation in Diameter of Flat Area on 
Tips with Number of Welds Made in Series 
E and F 
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Fig. 7—Variation in Current Density with 
Number of Welds Made 
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weld area, clamping them together. This prevents ex- 
trusion of plastic metal between the sheets and unde- 
sirable distortion. This extrusion and distortion be- 
came objectionable at a pressure density of 20,000 psi 
when welding the same material with flat tips, which was 
one of the reasons for setting 15,000 psi as the optimum 
pressure, as reported in a previous paper.* The clamp- 
ing action of the retaining ring was very evident in the 
present study where pressure densities of 25,000 psi 
produced no extrusion. 

The retaining-ring action is not an unmixed blessing, 
however. If expulsion of metal is allowed to occur, the 
electrodes are prevented from following through the 
greater distance required to make up for the loss of 
metal. The result is cavitation in the weld. This does 
not occur when welding soft material with flat tips, 
since the flat tips can punch into the sheets and seal the 
cavities; not, however, without producing objectionable 
surface indentation. 


CONTACT AREAS 


The variation of the diameter of the flat areas with the 
number of welds made is shown in Fig. 5 for the first 
three series of welds. As explained previously only the 
excess oil had been wiped from the steel used in these 
series and no attempt was made to keep the tips clean 
and bright. In series A and B the diameter of the flat 
area increased continuously. In the C series, the diame- 
ter leveled off for the range between 200 and 700 welds. 
It was first thought that a stable condition had been 
established as anticipated. However, after the 700th 
weld the diameter began to increase at a rapid rate. 
Observations made during the welding indicated that 
this rapid increase in diameter was connected with the 
formation and growth of a black deposit on the flat 
areas of the tips. As a result of this observation it was 
decided to make additional studies in which steps would 
be taken to prevent the formation and accumulation of 
this deposit. The additional studies (Series D, E and 
F) were made and the results are shown in Fig. 6. 
Series C and D were made under the same conditions 
except that in series D the steel had been thoroughly 
degreased and the electrode tips were kept clean and 
bright as previously explained. It will be noted that the 
flat area diameter in this series increased somewhat more 
regularly and at a lower level than in the series made 
under oily conditions. Series B and F were likewise 
made under similar circumstances, series F being made 
under clean conditions. In these series the flat area 
diameters increased at the same rate and at the same 
level. 

Series E was made under the same conditions as series 
F except that 1'/2 inch radius tips were used instead of 4 
inch radius tips. Inspection of the curves shows that a 
250 per cent increase in curvature produced a reduction 
in the diameter of the flat area of only 11 per cent. In- 
creasing the pressure four times increased the diameter 
by 37 per cent. Placing these figures on a common basis 
of comparison it is evident that pressure was more than 
twice as effective as curvature of electrode tip in chang- 
ing the diameter of the contact area in these experiments. 

The diameters of a number of welds are also shown in 
Figs. 5 and 6 as individual points. It will be noted that 
early in each series the weld diameter was greater than 
the corresponding diameter of the flat area on the tips. 
It is believed that in this stage the actual area of contact 
between the tips and the work is greater than that in- 
dicated by the diameter of the flat tip area because of 


§ “An Investigation of the Spot Welding of Automobile Grade Mild Steel,” 
loc. cit. 


elastic deflection of the tips. As the flat area on the tips 
grows in diameter the unit pressure on that area becomes 
less, more of the load is carried by the flat area, and there 
is less elastic deflection of the tip. As the welding pro. 
gresses the weld diameter approaches and finally pe. 
comes less than the diameter of the flat tip area, a con. 
dition that is conducive to the formation of cavities 
within the welds. 

In the course of making any one series of welds there 
was comparatively little change in current while the 
contact area was increasing. As a result, there was a 
marked variation in current density over that area with 
the number of welds made as shown in Fig. 7. It js 
interesting to note that in series A, B and C, which were 
made at widely different electrode pressures, the current 
density is the same after 500 welds. It is also interesting 
to recall that the current density when welds were made 
under optimum conditions with flat electrode tips was 
found to be about 254,000 amperes per square inch. In 
the series of welds made under clean conditions the same 
result was obtained except that the current densities ran 
a little higher as indicated by the series D curve in Fig 
7. In interpreting the curves in this figure, it should be 
remembered that the actual current density during the 
first two hundred welds may have been less than that 
indicated, due to the increase in contact area as a result 
of elastic deflection of the tips during that stage of the 
welding. 

Figure 8 shows how the pressure density on the flat 
contact area varies as the number of welds increases 
After about 200 welds the changes are gradual. It is 
seen that the higher electrode pressures maintain higher 
pressure densities, and that, in the case of the 1145 
pound pressure, the clean conditions tended to maintain 
a higher pressure density, than when the black spot was 
permitted to accumulate on the electrode tips. This is 
evidence of the fact that the greater resistance of the 
deposit was causing more heat to be developed at the 
electrode contact, with consequently more softening and 
greater spreading of the contact area. From the flat 
tip studies it was learned that 15,000 psi was required to 
give sound welds in this material. It could be expected, 
therefore, that welds made at the lower pressure oi 
series B and series F would be less satisfactory. This 
was found true upon examination of the etched sections 
as described below. 

In the flat tip studies, 20,000 psi was found to give too 
much distortion, whereas in these studies domed elec- 
trodes produced welds of excellent quality in series D, 
with an average pressure density of about 27,000 psi. 
This is because of the clamping action of the ring of hard 
electrode material surrounding the contact area. 


WELD SECTIONS 


One of the most striking effects noted in making the 
welds described in this paper was that all three of thie 
series of welds made in oily stock showed ring-shaped or 
toroidal fusion zones after about 300 welds, even with 
such widely different electrode pressures. In contrast, 
all three series of welds made under clean conditions 
showed normal, completely fused welds, throughout thi 
entire series. This shows clearly that the black spot, 
which builds up on the electrode under dirty stock con- 
ditions, is of high resistance, and forces the current to 
take a path of lower resistance around the periphery 0! 
the area of contact. Figure 9 shows a number of etched 
sections selected from series C made at 1145 pounds in 
oily stock. A is the 300th weld and is already toroidal, 
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Fig. 8Variation in Pressure Density with 
Number of Welds Made 


although there is incipient fusion at the center. The 
600th weld, shown at B is quite normal, probably due to 
the flaking off of the high-resistance deposit. The 700th 
weld is again toroidal with a large cavity in one side. 
The 1000th weld shows fusion only on the side of the 
ring, at the right of the section, Fig. 9D, while the left 
side shows only incipient fusion and no weld. The 
1200th weld is a fairly well-formed toroid, although too 
slender to be dependable. The lower sheet of this sec- 
tion happens to be fine-grained, a type occasionally 
found in our supply of this material. Greater heat is 
developed in this material, which may be the reason for 
the somewhat better fusion shown in this section. No 
sign of any fusion at the center of the weld is shown in 
any of the sections examined from the 700th weld to the 
end of the series. 

Most of the stress comes on the outer rim of a spot 
weld, either in a service or test condition of loading. It 
is for this reason that the strength tests for the ring 
type of weld show no inferiority when compared with 
the results obtained from the completely sound welds of 
series D, for example. However, such slender toroids 
should be less dependable in service, due to the ring 
being incomplete, as in Fig. 9D. Any repeated stress 
condition would be likely to produce fatigue failure, in 
such an irregular weld. The great importance of exam- 
ining etched cross sections in any welding study, is 
strongly emphasized by the results of this work. 

In substantiation of the statement that most of the 
stress comes on the outer rim of a spot weld, a simple 
experiment can be performed. It will be found that a 
surprisingly large hole may be drilled through the center 
of a sound weld, without impairing its strength as evi- 
denced by any ordinary test. 

Toroidal welds, such as here shown, are probably of 
common occurrence in shops where degreasing is not 
practiced. 


SUMMARY OF DATA 


Much of the data concerning the six series of welds 
has been brought together for convenient reference in 
Table 1. At no point in any series did the strength devi- 
ate by more than 10 per cent from the average value 
given in the table. Similarly there was little deviation 
in current from the average value. A few further facts 
stand out from an examination of the table: 
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Fig. 10—Variation of Strength, Current and 
Weld Diameter with Electrode Pressure 


WELD DIAMETER IN INCHES 


Fig. 11—Variation of Strength, Current and 
Electrode Pressure with Weld Diameter 


1. The size and strength of welds in series and F 
made at a pressure of 285 pounds, are remarkably similar, 
although the original curvatures of the tips were entirely 
different. The appearance of spherical and interden- 


Fig. 9—Photographs in the Structure of Series C 
elds, at 10 X 


A—No. 300, ring weld, incipient fusion at center 
B—WNo. 600, normal weld, irregular shape 

C—No. 700, rina weld, cavity in one side 

D—No. 1000, ring weld, no fusion on one side 
E—No. 1200, ring weld, separation of sheets at center 
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Table 1—Summary of Data for Six Series of Welds 


Stock—0.036-Incn AvTomosILe Grape Steet SHEETS 


Radius Elec 
Num of Elec trode Average Average Shape 
ber trode Pres Condition Cleaning Average Average Pressure Weld of Cavities 
of Tip, sure, of of Strength, Current, Density, Diameter, Fusion in 
Series Welds Inches Pounds Stock Tips Pounds Amperes Psi Inches Zone Weld Remarks 
i 1000 4 635 Oily None 1009 10,800 17,000 0.195 Ring Yes Poor weld structure — 
B 1000 4 285 Oily None 941 7,150 * 12,000 0.160 Ring Yes Exceedingly poor welds 
"49 1200 4 1145 Oily None 1295 14,250 22,500 0. 237 Ring Yes Poor weld structure 
D 1200 4 1145 Degreased Acid 1282 14,900 27,000 0.249 Normal None’ Excellent throughout 
E 1000 1'/, 285 Degreased Acid 907 6,690 15,500 0.145 Normal Yes Spherical and interdendritic ca 
ties indicating excessive currer 
I 1000 4 285 Degreased Acid 935 7.150 12.900 0.144 Normal Small Acceptable except slight cavitix 


dritic cavities in welds made with the 1'/» inch radius 
tips is an indication of excessive current. This may have 
been due to the fact that, as the weld softened, current 
density was not automatically reduced by the increase of 
electrode contact to such an extent as with the larger 
radius tips. The fact that the current used with the 
1'/. inch radius tips was actually somewhat less than that 
used with the 4 inch radius tips, suggests that less of the 
current was shunted around the weld area in the case of 
the sharper tips. 

2. The current increases much more rapidly with elec- 
trode pressure than either strength or weld diameter. 
This is noticeable when the data is plotted as in Fig. 10, 
which summarizes graphically the data obtained from all 
six series of welds. 

3. Pressure controls the size of welds made with 
spherical tips more than any other factor. 

The data shown in Fig. 10 is replotted in Fig. 11 in a 
form which should be of very general usefulness. The 
range of strengths available in this material is from about 
900 to about 1300 pounds. Having selected any desired 
strength in this range, it is possible to read from the 
curve the pressure which should be applied to the elec- 
trodes, and the current which must be used to make the 
weld. A lower limit of pressure of approximately 500 
pounds should probably be set for the welds made in 6 
cycles with 4 inch radius tips, since lower pressures tend 
toward less satisfactory and dependable weld structures. 
It is also possible to use Fig. 11 to estimate the strength 
of a weld by inspection, if a measurement of the diameter 
is made on an etched section. 


CONCLUSIONS 


In conclusion we should like to make the following 
observations: 

1. Flat areas begin to form on dome-shaped elec- 
trodes as soon as welding is commenced. After about 
200 welds the diameters of these flat areas increase 
slowly with the number of welds made. The possi- 
bility exists that under the proper conditions this diame- 
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indicate need for higher pr 
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ter may reach a limit and remain constant for subsequent 
welding. 

2. Degreasing of stock is recommended, if sound 
welds are to be expected over long periods of welding 
The black deposit that forms on the electrodes in weld 
ing oily stock definitely impairs the quality of the welds 
produced. This deposit, having a high electrical re- 
sistance, forces the current to pass around it, thus form- 
ing ring-type welds. The same effect should be expected 
in making a large number of welds with flat tips under 
comparable conditions. 

3. Higher pressure densities can be used with dome 
tips than with flat tips without producing extrusion be- 
tween the sheets. 

4. When expulsion of molten metal occurs in welding 
with dome tips, large cavities are left, regardless of the 
pressure. 

5. A very extensive program of research involving 
the use of dome-shaped tips will have to be undertaken 
before a complete picture of their behavior and proper 
use will be known. This is because of the number of 
variables involved, and the time-consuming nature of 
each step. In so far as possible the scope of such a pro 
gram should ‘be circumscribed by appropriate flat tip 
studies. This is justifiable from the fact that domed 
surfaces always develop flat contact areas. 
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COMPARISON TESTS 


for Weldability of Twenty 


By C. E. JACKSON' and G. G. LUTHER? 


INTRODUCTION 


ROADLY speaking all tests for weldability* are 
B based on subjecting the material to the temperature 

cycle involved in welding and testing the ductility 
of the resulting structures.' The thermal cycle may be 
that obtained by an actual welding operation, either as 
an actual weld’ or as a bead weld,’ or the effect of welding 
temperatures may be simulated by subjecting test pieces 
to special heat-treatment routines.‘ The ductility may 
be evaluated by means of some type of bend test, either 
static or dynamic’ in nature. Specimens may be of a 
free-bend type or may be notched so as to restrict the 
volume in the bend test. A minute hardness survey® 
may be made of a cross section of the weld with the 
assumption that there is a correlation of hardness and 
ductility. A microscopic examination may be made of 
structures resulting’ from welding with the suggestion 
that ductility may be predicted from a careful evalua- 
tion of these structures. The cleanliness and quality of 
the steel and its possible association with the physical 
behavior may also be noted by examining unetched sec- 
tions. Limits for the chemical composition and physical 
tests of the steel to be welded have also been suggested 
as indices of weldability® chiefly because of the depend- 
ence of ductility upon these factors. A recent suggestion 
for evaluating ductility consists of subjecting a specimen 
of V or square butt-welded plates to cold-rolling. Such 
a test assumes that the drastic plastic deformation of 
cold-rolling will reveal any defects in the structure or in 
the welding process. 

The study of the thermal relations and the metallurgi- 
cal effects of the rates of cooling in the welding heat- 
treatment cycle has been frequently suggested.'®" 
These data, together with the accepted views of struc- 
tural and metallurgical changes, may be used to predict 
the resulting ductility. Other authorities’®'"* have in- 
sisted that any laboratory approach must always be 
directed toward the correlation of the laboratory tests 
with practical tests. The value of any laboratory test, 
however technical, is dependent upon the correlation that 
may be obtained with an actual weld. 

Any test for weldability has two purposes. First, the 
behavior of various steels is studied in an attempt to 
classify them as to their relative weldability when using 
a standard welding technique. Second, the effect of 


_* To be presented at the Annual Meeting, A. W. S., Cleveland, Oct. 21 to 
25, 1940 

This paper represents only the personal opinions of the author and in no 
way reflects the official attitude of the U. S. Navy 


* Division of Physical Metallurgy, Naval Research Laboratory, Anacostia 
“tation, Washington, D. C 

+ Weldability of steel may be defined as that property which permits a 

tized consolidation of metals by a welding process and which results in 


continuous bonding without any undesirable change in the physical properties 
of the material adjacent to the weld 


351-s 


Low-Carbon Steels’ 


variations in the welding technique upon a given steel 
is studied. In either case, the test, to be of any value, 
must be sufficiently sensitive to show the variations in 
the effect of the weld heat treatment on the steel studied. 


OBJECT OF TESTS 


The purpose of the present paper is to study the various 
tests for weldability and to use the results of this study in 
analyzing the relative merits of each procedure. In 
order that the present study should be as complete as 
possible, all the available tests for weldability were con 
sidered. 


TYPES OF TESTS STUDIED 


The eight tests that were finally selected for study 
are: 


1. Single V-Groove Weld Test.—It has been recently 
suggested by Williams? that a more or less detailed 
study of actual weld specimens would serve as a standard 
index of weldability. Three welds were studied by 
Williams and data are presented which show the varia 
tion in hardness and ductility across the weld. No 
description of the welding technique or type of weld 
joint was reported. 

2. T-Bend Test.—The T-bend test which is used ex 
tensively by the Navy Department, Bureau of Ships, 
has been described by Bissell.'4 Specimens for this 
test are prepared from '/,, '/2 and */y-inch plates. A 
T-section is made by attaching a 4 by 24-inch piece of 
plate to a 12 by 24-inch piece of plate by fillet welds. 
T-bend specimens are saw-cut from the assembly; each 
specimen is a T-strip measuring one and a quarter inches 
in width taken perpendicular to the fillets of the T-sec 
tion. A special jig is used for bending the specimens. 
If the T-bend specimen of a steel bends to the capacity 
of the jig without failure, that steel is considered suitable 
for welding at the temperature tested. 

3. V-Notched Slow-Bend Test.—The weldability of 
sixteen experimental heats of carbon-manganese steels 
was studied by Cornelius and Fahsel.'® Extensive 
studies were made of the microstructures and hardnesses 
of cross sections through bead welds. Bead weld speci 
mens were also used to make notched specimens for 
static bending tests. The root of the notch in the bend 
test was located at the transition from the weld metal to 
the plate metal. The bend test was made by bending the 
0.2-inch thick specimen around an 0.4-inch diameter 
pin until the first appearance of a crack at root of the 
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notch. The angle of bend at failure provided a measure 
of the ability of the material in the heat-affected zone to 
undergo plastic deformation. 

4. V-Notched Impact Test.—Jackson and Rominski5 
have suggested the use of a standard V-notched Charpy 
test specimen for the evaluation of notch toughness of 
the heat-affected zone in the are welding of steel. The 
apex of the V-notch was machined tangent to the fusion 
line of a bead weld. By comparing the notched-bar 
value of the plate material with that of the bead weld, 
an indication was obtained of the effect of the weld heat 
treatment on the notch sensitivity of the steel. 

5. Longitudinal Bead Weld Slow-Bend Test.—This is 
probably the simplest and most flexible of all ductility 
tests. It was suggested by Harter, Hodge and Schoes- 
sow.* Data were obtained by these investigators on 13 
steels of a carbon-manganese series in which the yield 
strength ranged from 50,000 to 55,000 psi. Using 4/1 
inch diameter electrodes of a standard commercial type, 
single beads of weld metal were deposited on the ma- 
chined surface of '/2 and 1'/, inch thick plates. In a 


large number of cases preheating above or cooling below 
atmospheric temperature was applied to the plate prio; 
to welding. The excess weld metal of the bead weld was 
machined off and ground flush with the plate surface. 
Controlled bend tests were made; when failure did not 
occur after bending in the jig the specimen was bent 
further as a free bend. The elongation on the tension 
face was used as the index of ductility and weldability. 

6. Maximum Hardness.—For a direct method of 

studying weld hardening, a bead weld was deposited 
with a standard welding technique on the surface of a 
steel plate. The plate was then sectioned across the 
weld, one section face was ground or polished and the 
hardness measured over the section. Several investi- 
gators have obtained considerable data from this simp 
test'* and it is almost universally used in conjunction with 
whatever other tests may be performed. 
7. Weld Quench.—The weld quench was proposed by 
Bruckner* who attempted to reproduce by a special heat 
treatment of a half-width Charpy test-piece practically 
the maximum hardness, grain-size and microstructure 
that is found adjacent to a single bead weld. A com- 
parison of the as-rolled and heat-treated plate specimens 
was suggested as an index of weldability. 

8. Cold Rolling.—The cold rolling of welded speci- 
mens has been suggested as a drastic test for weld ductility 
Dowdell and Hughes® described the cold rolling charac- 
teristics of welds made, using as a base metal different 
thicknesses of two carbon steels, one with 0.19% C and 
0.53% Mn, and the second with 0.45% C and 0.78% 
Mn. Strips one and a half inches wide were taken 
transverse to the weld. All faces were ground flush 
with the plate surfaces before rolling. A reduction of 


Table 1—Chemical Analyses and Mechanical Properties of Steels Used in This Study 


Mechanical Properties 
Reduction 


Chemical Analyses—Per Cent Yield Ultimate Elongation in Area 
Steel Cc Mn Si Ss P Psi Psi Per Cent Per Cent 
1B 0.10 0.44 0.032 0.028 0.014 34,900* 53,750* 33.1 ; 
34,100 55,000 43.5 70.1 
36,400 55,600 44.0 68.6 
2B 0.12 0.41 0.030 0.022 0.035 35,250* 54,200 32.1 ; 
34,500 57,400 35.0 68.6 
39,800 57,200 BS. 7 68.6 
3B 0.17 0.41 0.17 0.007 0.032 38,650 61,750 32.8 51 
4B 0.18 0.40 0.002 0.031 0.013 36,500 60,400 33.6 60.8 
44,900 62,200 33.6 60.9 
5B 0.19 0.41 0.14 0.011 0.040 39,700* 62,300* 30.7 
6B 0.19 0.51 0.054 0.017 0.033 35,400* 60,350* 31.7 
7B 0.21 0.47 0.24 0.030 0.012 43,000 67,700 35.6 40.8 
44,100 67,400 37.2 46.5 
8B 0.24 0.48 0.23 0.011 0.027 
9B 0.25 0.47 0.003 0.029 0.011 34,200* 62,600* 27 .6 
10B 0.25 0.57 0.006 0.018 0.040 39,000* 65,500* 20.8 
41,200 67,500 35.6 56.7 
41,200 67,650 34.2 53.6 
11B 0.27 0.47 0.002 0.017 0.045 43,400 69,300 32.1 53.6 
41,600 69,000 35.7 52.1 
12B 0.28 0.54 0.058 0.042 0.017 51,100 77,000 25.8 48.5 
49,000 77,200 33.6 51.3 
13B 0.29 1.06 0.25 0.002 0.017 58,200 86,200 32.8 64.4 
59,900 86,950 35.7 60.9 
14B 0.35 0.68 0.23 0.034 0.008 46,300 83,400 36.4 55.6 
45,100 83,600 35.0 54.8 
15B 0.42 0.64 0.002 0.050 0.024 50,050* 90,900 18.1 
16B 0.43 0.79 0.27 0.041 0.041 58,800* 102,400* 16.4 
17B 0.44 0.65 0.24 0.029 0.010 56,200 104,000 5.0 40.6 
53,600 105,400 22.8 39.7 
18B 0.50 0.41 0.003 0.047 0.021 53,900* 90,250* 17.3 
19B 0.50 0.58 0.005 0.046 0.016 51,100* 90,700* 17.5" 
20B 0.54 0.82 0.28 0.030 0.024 63,150* 116,900* 14.3* 
* Full size plate specimen, 8-inch gage length. 
All other specimens 0.357-inch diameter with 1.4-inch gage length. 
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0.010 inch per pass was used and rolling was continued 
until failure occurred. 


MATERIAL USED IN TESTS 


In the present investigation, 20 commercial, plain 
carbon steels were selected for study, hot rolled to one- 
half inch. No specification was set up as to the manu- 
facturing process since it was desired to assemble a 
series of commercial steels covering a wide range of 
carbon content and with a fairly narrow range in com- 
position for the other constituents. Chemical analyses 
and physical properties of the steels are given in Table 
|. It was felt that these steels would serve as a basis 
for the study of testing for weldability. However, it is 
realized that the series does not answer questions re- 
garding the relation of the process of steel-making and 
alloy-additions to weldability. In order to simplify 
further studies regarding the effect of the processes of 
steel-making and alloy-additions a thorough survey 
of the types of tests that are available is well worth 
while. 


WELDING TECHNIQUE 


In making comparative tests the maintenance of 
constant welding conditions is essential. Hence, full 
automatic welding control was used to maintain the 
welding conditions close to predetermined values. A 
careful comparison of the different types of weld test 
would be far more difficult if automatic control of the 
welding conditions was not available. 

Heavily coated, reversed polarity, mild steel elec- 
trodes (Grade EA, Class 2) were available in the */)5 and 
'/, inch diameters. All the electrodes used in these 
tests were supplied by one manufacturer. 


METHOD OF TEST 


The following sections describe the tests as they were 
performed and present the data obtained for the tests 
on the present series of commercial steels. In order to 
gather as much data as possible and to keep the num- 
ber of welding techniques to a minimum, some changes 
were necessary in some of the details of the weldability 
test procedures. 
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Single V-Groove Weld Test 


Welds were made between plates using a 60° single 
V-groove joint with the weld transverse to the direction 
of rolling. A backing strip was used for making aj 
welds with a root spacing of */;, inch. The plates were 
allowed to cool to room temperature between beads. 
The welds were deposited by beading using automatically 
controlled conditions of 200 amperes current, an are 
voltage of 30 volts and a speed of travel of 6 inches per 
minute. Five or six beads were required to complete 
each weld. 

Two strip specimens, one and a quarter inch wide and 
7 inches long were cut across the weld along the direction 
of rolling. One of these specimens was shaped so as to 
obtain a specimen */; inch thick with just enough metal 
taken from the face of the weld to eliminate surface 
irregularities. This specimen will be referred to as the 
face-bend specimen. The other specimen was shaped 
to the same dimensions with just enough metal removed 
from the root of the weld to eliminate surface irregu- 
larities. This specimen will be referred to as the root 
bend specimen. The top face of the first and the bottom 
face of the second specimen were ground (Fig. 1). 

The resulting specimens were surveyed for changes in 
hardness across the weld by a line of pyramid diamond 
Vickers indentations made with a 10 kg. load. These 
were spaced at 0.050 inch on the ground face. These 
indentations also served as gage marks for determining 
the elongations after bending. The hardness variation: 
for the root-bend specimens for this series of steels ar 
shown in Fig. 2. A similar set of data is shown in Fig. 3 
for the face-bend specimens. 

In the hardness survey studies on bend specimens, th 
weld deposits in the low-carbon steels were considerably 
harder than the base metal. {The change in hardness 
the weld deposit was not in any way as great as thi 
change in hardness of the base metal with increasing 
carbon content. Therefore, in the higher carbon steels 
the base metal had a somewhat higher hardness tha: 
the weld metal. The hardness of the base plate and of th 
weld deposit were almost equal when the carbon ranged 
from 0.28 to 0.35%. 

For studying bend ductility, the specimens were bent 
to failure by breaking or to the capacity of the qualifi 
cation test jig (see Fig. 4). Face-bend specimens wer 
placed on the female member of the jig with the face o! 
the weld directed toward the gap. Root-bend specimens 
were placed on the female member of the jig with root 
of the weld directed toward the gap. The jig was op 
erated by a hydraulic testing machine, and an auto 
matic stress-strain recorder was used to study the loading 
behavior of each test specimen. 

The specimens which showed no failure when bent 
to the capacity on the jig were bent further as a free 
bend in an arbor press of sufficient capacity. Ductility 
across the weld between each gage mark was deter 
mined after failure. In order to measure the actual 
surface distance between the gage marks an inked im- 
pression of the hardness indentations was taken on 4 
section of transparent cellulosic tape which was tlie! 
mounted on a piece of cardboard. The increase 1 
length over each gage length was readily measured wit! 
a comparator. By comparing the final length with the 
original length, the elongation for each gage length was 
determined. 

The variations in ductility across the root of the welds 
in this series of steels are shown in Fig. 5 and for fact 
bend specimens in Fig. 6. It is to be remembered that the 
ductility was measured between consecutive hardness 
impressions separated by a distance of 0.050 inches. 
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Table 2—Single V-Groove Weld Test Results 


Root Bend Face Bend 
Maxi- Maxi- 
mum mum 
Steel Angle Load, Elonga- Angle Load, Elonga- 
No. Degrees Lb. tion, % Degrees Lb. _ tion, % 
1B 129 5210 43.0 147 4440 30.0 
2B 123 5030 41.8 83 4620 34.2 
3B 132 5340 32.2 
5B 112 5540 36.0 120 5300 30.6 
6B 129 5600 31.3 135 5940 35.3 
9B 120 5760 38.3 137 5900 29.8 
10B_ - «116 5450 30.4 137 6500 25.1 
11B 114 5880 20.6 123 5900 25.2 
12B 47 4820 22.3 54 5085 10.9 
13B 118 7418 20.3 110 7720 29.0 
14B 39 5000 11.6 45 5500 10.1 
15B 15 4040 0.6 41 780 9.6 
16B 20 4480 6.1 74 6920 19.3 
17B 27 4640 5.3 . 
18B Cracked weld Cracked weld 
19B 4 3020 0.0+ 50 5930 12.9 
20B 17 4460 0.3 65 6580 12.9 


In the lower carbon steels, a ductility survey on both 
the root- and the face-bend specimens was of doubtful 
value. Before failure occurred in a test specimen there 
was a general ‘“‘give-and-take’’ of the material across 
the weld. Failure did not occur as a single sharp crack 
but rather as a tearing action over an extended area 
and consisted of numerous breaks in the continuity of 
the metal. This sort of failure is probably to be desired, 
while the sharp break obtained in the higher carbon 
steel is to be avoided. The carbon content at which the 
change from the failure occurring over a general area to 
that restricted to a small gage length could not be defi- 
nitely established. 

The effect of carbon content on the average over-all 
elongation as measured over a 2-inch gage length on the 
tension surface of the root and the face bends is given in 
Table 2 and shown graphically in Fig. 7. The down- 
ward trend of elongation for the root and the face bends 
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with increasing carbon is to be noted. There is greater 
dispersion of the elongation data for the face-bend 
specimens than for the root-bend specimens. 

The bend stress-strain diagrams for the root- and the 
face-bend specimens are shown in Figs. 8 and 9, respec- 
tively. The energy absorbed by the specimens is rep- 
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resented by the area under the stress-strain curve. Since ~~ ee ” 
many of the specimens did not fail in the qualification Table 4—V-Notched Impact Test Results 
jig-bend test, for comparison the area under the curve Plate Bead Weld 
from zero to maximum load was used as an indication of Steel No. Ft.-Lb Ft.-Lb 
the energy absorbed in deforming a test specimen. In on L42 129 
Fig. 10 is shown the relation of this area for the root a i 44 
and the face bends for the steels of this series. The 1B 12 14 
energy absorption was low for the steels with carbon 5B 102 12 
higher than 0.28% 6B ~ 93 
The sudden decrease in energy absorption was also 9 on 48 
predicted from the angle of bend at maximum load. 10B 20 6 
In comparing the angle at maximum load with the car- 11B 26 39 
12B 22 27 
= 13B 107 76 
14B 17 17 
Table 3—T-Bend Test Results 15B 8 1} 
6B 11 6 
Maximum 1 9 
17B 10 12 
Angle Load, 5 
Steel No. Degrees Lb. Fracture 19B 4 6 
1B 54 5446 Bond */, 20B 6 5 
2B 61 4864 Bond slight 
3B 37 5142 Bond and plate laminated 
4B 61 5628 Base 
5B 74 5118 Base slight bon content a distinct break in the curves was observed 
6B 67 5862 Base slight where the carbon ranged from 0.28 to 0.35%. This is 
7B 2 5210 Base !/, sharp hown in Fi 
, shown in Fig. 11. 
8B 586 ate 
9B In general, the data obtained on the root-bend speci- 
10B 61 5533 Base 1/2 mens were more consistent in behavior than the data ob- 
11B 55 6860 Base '/; sharp tained on the face-bend specimens. This is to be ex- 
—4 32 6710 Bond */2 pected since the root consisted of one bead, the first, 
13B 44 6536 Bond !/, 1: te thee bend c 
14B 37 6640 Base !/, sharp while the weld metal in the face bend contained parts 
15B 17 6157 Base 1/; of two or three beads. 
16B 8.5 5414 Base '/, sharp The change in the behavior of the welds in carbon 
aa ai. ae — — steels as the carbon was increased beyond the 0.28 to 
208 7100 0.35% carbon range was substantiated by several fac- 
tors, namely hardness, elongation, angle of bend at maxi- 
1940 WELDABILITY OF LOW-CARBON STEELS 357-s 
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Fig. 12—Details of Welding for T-Bend Specimens 


Automatic welding 175 amperes, 26 volts, speed 6 inches per minute, travel plates 
posi.ioned for down-hand welding 


mum load and total energy absorption. Other welding 
techniques may shift this transition zone and the width 
of the transition zone may possibly be reduced by using 
a series of steels all of which are made by one steel- 
making process. 


T-Bend Test 


For this series of tests, T-bend specimens were made 
by joining a section 4 inches in length of the !/s-inch 
plate under test to a 12-inch long section using fillet 
welds with a throat dimension of '/, inch. The fillet 
welds were made with the same type of electrodes that 
were used in previous tests with a welding technique 
of 175 amperes current an arc voltage of 26 and speed 
of travel of 6 inches per minute. Two T-bend specimens 
| '/, inch wide were saw-cut from the assembly as shown 
in Fig. 12. The specimens were tested in the jig pic- 
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Fig. 13—Bending a Specimen in a T-Bend dig 


tured in Fig. 13. The specimen was held securely to 
prevent any side or end movement and to force the 
bending to occur uniformly at the toe of each fillet when 
pressure was applied to the back of the specimen by 
means of the plunger. The jig was operated by a hy- 
draulic testing machine and a stress-strain recorder was 
used to study the loading behavior of each test speci- 
men. The angle to which the base of the T was bent at 
maximum load was noted together with the load and 
type of fracture that occurred at failure. Data on the 
T-bend performance are given in Table 3 and shown 
graphically in Fig. 14. 

The T-bend test data bear a general relation to the 
carbon content although factors other than carbon tend 
to disperse the points. Steels which contain laminations 
have a tendency to fail at a low angle. The T-bend test 
summarizes the behavior of a weld joint; both the 
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RELATION OF ANGLE OF BEND AT MAX/MUM LOAD To 
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quality of the base metal and the weld joint behavior 
are indicated. 
V-Notched Impact Test © 

Single bead welds were deposited (Automatic welding, 
175 amperes, 26 volts, speed 6 inches per minute) trans- 
verse to the direction of rolling on plates 6 inches by 7 
inches by '/2 inch in the as-rolled condition. From these, 
three to five standard (0.394 inch x 0.394 inch x 2.165 
inches) notched-bar bead weld specimens were prepared. 
After these were ground and etched in 5% Nital solution, 
the location of the V-notch was determined by scribing a 
line on the side of the specimen parallel to and at a dis 
tance of 0.315 inch from the bottom of the specimen. 
The V-notch was located at the point of intersection of this 
line of fusion between the weld metal and the base ma 
terial. In this manner the apex of the standard V-notch 
was machined tangent to the fusion line as shown in Fig. 


Fig. 15—Bead Weld Notched-Bar Specimens 
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15. The notched bar specimens were broken in an Ams- 


le 


jer pendulum type machine at temperatures between 70 


to 75° F. V-notched-bar impact values for the plate ma- 
terial and bead-weld specimens are presented in Table 4 
and shown graphically in Fig. 16. The similarity in type 
of fracture that occurred between the T-bend and V- 
notched bar impact tests is shown in Fig. 17. 

In general, it may be said that except for laminated 
plate material, high and ductile V-notched bar impact 
test values predict good T-bend and V-notched slow- 
bend behavior. Conversely, brittle V-notched bar im- 
pact specimens either on the plate material or on bead 
welds predict early failures in the T-bend and V-notched 
slow-bend specimens. 


V-Notched Slow-Bend Test 


The modification of the test specimen suggested by 
Cornelius and Fahsel'® showed excellent promise. A 
welded test plate identical to that used for the V-notched 
bar impact specimen was prepared. Strips were cut 
\'/, inches wide transverse to the direction of the bead 
weld. Only sufficient metal was removed from the top 
surface to eliminate any irregularities. Material was 


RELATION OF V-NOTCHEOD BAR IMPACT VALUE CARBON 
CONTENT FOR V-NOTCHED GAR IMPACT SPECIMENS 


PLATE PLATE 


Fig. 17—Comparison of V-Notched Bar Impact and T-Bend Fractures 


obtained. Table 5 presents data obtained from this 
test. Data for the plate specimens as well as the data 
obtained from the bead-weld specimens are plotted in 
Fig. 18. 

As was the case in the T-bend test, the quality of the 


160 T T | T ] steel being tested affected the test results. Material 
q - 
| | | | | J which had a laminated or woody fracture tended to give 
8-4 i a low angle at maximum load. Correlation of the V 
40— + an notched slow-bend and the T-bend test results was ex 
Ba yz of 4 cellent except for the two lowest carbon steels. The 
| | i fee oe ae a angle at maximum load for the T-bend seemed to be 
mark = rather low for these particular steels when the data from 
all the other tests are considered. , 
N T In most of the V-notched slow-bend tests failure ox 
. 7” | Yr curred at maximum load. Hence, it was not surprising 
me Os | fe to find excellent correlation of the energy under the 
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he 
then removed from the lower surface to obtain a speci- S 
men 1.5 inches wide by 0.375 inch thick. Both the top = 2 et ee 
and bottom surfaces were ground. The specimens were SN = 
etched in a 5% Nital solution and the V-notch was lo- (= 7 ¢ 
cated in a manner identical to that used forthe V-notched = ao 
bar impact specimen. That is, the apex of the stand- ¢ | , 
ard V-notch was located tangent to the fusion line as 
shown in Fig. 15. For comparison an identical specimen o| 
irom the unaffected plate material was also made. x ¢ 
_The specimens were bent to failure in the qualifica- + 
tion test jig (see Fig. 4). The specimens were placed in 
the jig with the V-notch facing the opening in the female G a ‘ 
part of the jig. The angle at maximum load on each PER 
specimen was noted. Stress-strain diagrams were also Fig. 18 
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20 40 60 60 100 . . 
ANGLE OF BEND AT MAX/MUM LOAD-DEGREES This relation is shown graphically in Fig. 19. From 


RELATION OF ENERGY ABSORPTION AND ANGLE OF BEND this and other bend tests it can safely be said that the 
angle at maximum load is a criterion for energy ab- 


saan sorption in the bend test for those specimens which fail 
by fracturing at or soon after maximum load. 
RELATION OF ANGLE OF BEND AT MAXIMUM LOAD TO THE RELATION OF OVERALL ELONGATION TO CARBON CONTENT FOR 
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Table 5—V-Notched Slow-Bend Test Results 


Angle Maximum Load, Angle Maximum Load, 

Steel No. Degrees Lb. Degrees Lb. 
1B 76 4290 76 5210 
2B 63 4790 63 3210 
3B 24 3470 14 3590 
4B 25 3480 25 4060 
5B 41 3980 41 4140 
6B 40 4000 3 4320 
7B Pad 2800 4 3490 
8B 10 2980 11 4100 
OB 3 3730 24 4100 
10B p> 3610 16 4000 
11B 22 3940 10 3840 
12B 14 3580 12 4150 
13B 19 4010 8 3950 
14B 18 4330 8S 4310 
15B 11 4410 4 4350 
16B 12 4940 7.5 5120 
17B 8 4810 4 4760 
ISB 4 3520 4 4300 
19B 11.5 4590 4 4140 
0B 4 4630 2 4650 


Longitudinal Bead Weld Slow-Bend Test 


This type of weld test ranks high in simplicity and 
flexibility. Because of this, a wider scope of tests was 
carried out in order to obtain as much information as 
possible concerning the test. Single beads were de- 
posited parallel to the direction of rolling on plates 7 
inches long, 6 inches wide and '/, inch thick. Three 
different values of current were used, namely, 210 am- 
peres, 175 amperes and 130 amperes all with a 26-volt 
arc, and a speed of travel of 6 inches per minute. A 
heavily-coated */j, inch diameter electrode was used 
for the two higher currents while a '/s inch diameter 
electrode was used for the lower current. Test speci- 
mens, preheated to 300° F. were also prepared with a 
welding current of 175 amperes for the steels having a 
carbon content over 0.20%. A bead weld was also de- 
posited using a manual oxyacetylene gas torch and a mild 
steel rod. 

Strip specimens 1'/, inches in width with the bead 
weld centered longitudinally on one side of the specimen 
were sawed from these plates (see Fig. 20). Just suf- 
ficient metal to eliminate surface irregularities was re- 
moved from the faces of the bead welds. The faces of 
the bead welds were surface ground and sufficient metal 
was removed from the other side of the plates to make 
test specimens */s inch in thickness. For comparative 


purposes identical specimens were also made from the 
as-rolled plate material. The completed specimens were 
subjected to the qualification jig test, previously de 
scribed in the discussion for the tests of the single V- 
groove welds. The specimen was placed in the jig so 
that the bead weld was subjected to tension in the longi 
tudinal direction and bent to failure or to the 


capacity 
of the jig. 


A stress-strain recorder was used to observe 


the loading characteristics of the specimen. The angle 
of the specimen at maximum load and the maximum 
load were used as an indication of the stress-strain 


characteristics of the specimen. The specimens which 
deformed to the capacity of the jig without failure were 
bent further to failure as a free bend using an arbor 


press. Table 6 presents the results of these tests. 


Data showing the relation of the carbon content of the 
angle of bend at maximum load for the 175 ampere bead 
welds and the over-all elongation for these 


and respectiy ely. 


ead welds 


are presented in Figs. 21 A dis 


Fig. 23—Macro Section of Bead-Weld Showing Hardness Survey 


tinct break in the properties is indicated by both of the 
above criteria as the carbon increases above 0.35% 
This is somewhat higher than the transition zone indi- 
cated by the root- and the face-bend specimens. In 
analyzing the data presented in Table 6 the test appears 
to be insufficiently sensitive to changes in welding tech 
nique for the steels in the lower carbon range. Failure 
to attain a high rating in this test definitely labels the 
material as inferior for the welding technique used. 


Maximum Hardness of Single Bead Welds 
Vickers hardness numbers were obtained on test 
pieces covering all the welding conditions studied. The 


Table @—Longitudinal 8 Bead Weld, Slow- Bend Test Results 


Pre-Heat 300° F 


Plate 210 Amp. Bead Weld 175 Amp. Bead Weld 130 Amp. Bead Weld 175 Amp. Bead Weld Oxyacetyle e Bead Weld 
Maxi- Maxi- Maxi- Maxi Maxi- Max 
Angle mum Angle mum Angle mum Angle mum Angle mum Angle mum 
Steel De- Load, Elonga- De- Load, Elonga- De- Load, E longa. De Load, Elonga De Load, Elonga I Load Elonga 
No. grees Lb. tion, % grees Lb. tion, % grees Lb tion, % gree Lb tion, % grees Lb tion, gree Lb tion 
1B 133 6540 31.3 132 6920 35.9 140 6800 35.6 133 6540 34.3 5 127 5640 
2B 133 5900 34.4 135 6780 31.3 126 6860 32.8 129 6510 24.7 ia : 146 600 
3B 127 7700 138 10460 
4B 137 6840 34.4 124 7300 32.8 125 7200 2 132 6810 35.9 134 +4 
5B 124 6540 35.9 132 7920 32.0 126 7570 33.6 136 7830 39.4 127 7420 12.1 
6B 128 6560 32.8 124 7420 32.1 122 7360 34.4 125 7310 32.8 144 S160 
7B 136 7610 33.6 139 9540 27.4 123 7890 21.1 140 9360 39.4 128 8360 l i4 1280 0 
8B 129 7830 34.4 ‘a 2 . 124 8320 25.0 
9B 129 7350 33.6 142 8140 32.0 126 7560 35.4 136 8200 36.7 127 10 33.6 1 7 t 
10B 131 7040 33.6 131 8160 27.3 124 7870 34.0 141 8290 32.8 110 7820 s 7 
11B 136 8220 34.4 121 7930 31.2 125 8210 29.8 124 8060 29.7 129 8760 29.7 
12B 147 9540 35.2 115 8470 21.9 119 9020 25.7 123 9260 26.6 1 9300 1 
13B 140 9680 31.3 wax ‘ 124 10200 30.2 : 
14B 132 9700 34.4 126 10320 21.9 125 10520 28.9 113 9900 19.9 131 10340 20.6 
15B 127 9970 32.8 35 7260 5.1 32 7440 5.1 28 6870 5.1 87 9680 14.8 24 6f 
16B 122 11120 31.3 45 8540 6.6 37 8730 ea 21 6990 2.0 114 12940 7 
17B 126 11700 29.7 54 8530 7.4 41 8400 6.3 36 =. 8060 5.8 
18B 50 7610 ee 28 7500 3.9 21 6400 3.1 4 9260 2.3 r 7540 5.9 658 
19B 118 9430 32.8 38 7770 7.0 65 8830 fe 31 7280 4.8 110 12400 18.0 7 
0B 51 9920 7.3 21 5850 2.7 14 6470 1.6 8 1720 1.6 24 R600 j 7 
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Table 7—Maximum Vickers-Brinell Hardness of Base Metal 
Adjacent to a Bead Weld 


Current 
Oxyacety- 210 175 130 
Steel No. Plate lene Amp. Amp. Amp. 
1B 133 145 181 190 185 
2B 135 149 185 197 209 
3B 162 ‘ 203 : 
4B 136 157 183 184 209 
5B 144 157 210 195 217 
6B 139 153 197 224 198 
7B 178 195 215 250 
8B 156 218 
OB 152 164 220 231 240 
10B 144 aoa 212 200 230 
11B 168 . 200 227 227 
12B 164 183 242 256 266 
13B 192 ws 357 
14B 194 : 246 270 289 
15B 205 206 325 357 345 
16B 216 230 297 317 1654 
17B 220 ae 292 315 383 
ISB 191 , 322 327 383 
19B 207 235 307 325 394 
20B 252 258 531 483 478 


hardness impressions were made with a diamond pyra- 
mid indenter and 10 kg. load. Figure 23 shows the type 
of survey used for most of the test specimens. Occasion- 
ally scattered hardness readings were taken along the 
fusion line in order to obtain a more representative 
maximum hardness reading. Some of the data obtained 
are presented in Table 7. 

The ease of making a hardness survey has led to its 
wide use as a rough criterion of weldability. For a given 
class or series of steels whose ductility under weld heat 
treatment is known, the use of this test is entirely suit- 
able for control work. However, in studying a new steel 
the hardness determination is of less value. In Fig. 
24 is given the maximum hardness for bead welds ob- 
tained when using several different welding techniques. 
Weld-Quench Test 

Weld quench tests were performed on the series of 
steels. Test specimens 2.0 inches by 0.404 inch by 0.207 
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inch were heated in a furnace at 1350 to 1365° C. (2462- 
2489° F.) for 90 seconds. The specimens were immedi- 
ately transferred to a bath of molten salt at a tempera- 
ture of 530° C. (986° F.). They were held in the latter 
bath for 18 seconds then transferred immediately to the 
second salt bath at 310° C. (590° F.) and held for 24 sec 

onds followed by air cooling. The specimens were then 
surface ground to remove 0.005 inch on all surfaces to 
finish to 2.0 inches by 0.394 inch by 0.197 inch, half 
width keyhole-notched Charpy bars. Half-width key- 
hole-notched Charpy impact specimens from the as 
rolled material together with the weld quench pieces 
were tested. The test values for the half-width keyhole 
notched Charpy specimens and the weld-quench speci- 
mens are presented in Table 8 and plotted in Fig. 25. 

In a study of each individual steel, little correlation is 
obtained between the weld-quench data and any of the 
other test methods used in this study. Ductile and er- 
ratic breaks are obtained and it is difficult to secure 
values which are representative of the material. 


Cold-Rolling Test 


Sections of the steels under test were cut and 60 
single V-groove welds were made between plates with 


Table 8—Weld Quench Test Results 
Plate Weld Quench 
Steel No. Ft.-Lb. Ft.-Lb. 
1B 296 28 
2B 25 26 
3B 16 18 
5B 22 18 
6B 14 16 
SB 0 9 
OB 15 
10B 
11B 
12B 
1I3B 
14B l 
15B 12 
16B 13 
17B | 
ISB 
19B 3 
20B 10 


the weld transverse to the direction of rolling. These 
test specimens were similar to those prepared for the root 
and the face-bend tests already described except that the 
edges of the specimens were surface ground to aid in ob 
serving the weld behavior in the rolling test. The test 
specimens were subjected to cold rolling with reduction 
of 0.010 inch in thickness per pass. The rolling direction 
was transverse to the direction of the weld and rolling 
was continued until failure occurred either in the weld 
metal or in the base metal. The data obtained for the 
behavior of the weld specimen in the cold-rolling test 
are given in Table 9, and presented graphically in Fig. 
26. 

No correlation with carbon content or with the re- 
sults obtained on any of the other weld tests is possible. 
The carbon content or the usually accepted limits for 
weldability had little or no correlation with the cold 
rolling capacity. 


CONCLUSIONS AND RECOMMENDATIONS 
Except for the additional data which were obtained 


for the bead weld longitudinal bend specimens little in 
formation was obtained showing the effects of variations 
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in welding techniques or for changes in thickness and 
mass of specimens. While.this is true, it is to be remem- 
bered that the primary object of the tests reported here 
is to provide a general survey of the available test 
methods. Such a study of test methods will reduce the 
amount of testing necessary in order to properly evaluate 
changes in welding techniques and the effects of changes 
in design. 

As a result of the study of tests for weldability of 
steels as outlined in this paper it is concluded that the 
effects of a standard welding technique or a range of 
welding techniques on a steel or a series of steels may 
be completely determined by an extended use of the 
following tests: 


Chemical analyses. 
Mechanical properties (tensile and impact). 
3. Actual weld joint such as the single V-groove weld. 


2. 


Table 9—Cold-Rolled Test Results 


Original Final 

Thickness, No. of Thickness, 
Steel No. Inches Passes Inches 
1B 0.437 40 0.100 
2B 0.434 39 0.082 
3B 0.426 25 0.200 
5B 0.438 35 0.118 
6B 0.435 27 0.187 
9B 0.439 36 0.115 
10B 0.416 40 0.082 
11B 0.436 37 0.111 
12B 0.426 6 0.375 
13B 0.438 40 0.096 
14B 0.430 25 0.202 
15B 0.418 6 0.368 
16B 0.440 9 0.371 
17B 0.393 39 0.082 
19B 0.439 2 0.425 
20B 0.447 36 0.111 


1940 
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4. T-bend. 
5. V-notched slow-bend. 
6. Structure and hardness. 


A broad view of the problems to be encountered in 
welding may be obtained from the chemical analyses and 
mechanical properties. The single V-groove weld, root- 
and face-bend specimenis are practical tests. The T-bend 
test is excellent for the study of quality of welding steels. 
The V-notched slow-bend test is sufficiently sensitive 
and flexible to cover the whole range of variations en- 
countered in welding procedures. Although a hardness 
survey by itself is of questionable value, it has a definite 
place as a control test for steels of known composition 
and of standard quality. 

As a result of this study, we will be able in future work 
to reduce the quantity of testing for weldability to al 
most half of that used in the present paper. As data are 
accumulated it may be possible to eliminate further de 
tails of testing and to widen the scope of other tests so 
that it will be possible with a minimum of testing to 
summarize the behavior of a steel for welded fabrication. 


RELATION OF NUMBER OF PASSES BEFORE FAILURE ANL 
CARBON CONTENT FOR COLD ROLLING OF S/NGLE 
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COLD ROLLING TESTING 


By T. P. HUGHES? and R. L. DOWDELLt 


INTRODUCTION 


T THE convention a year ago! the present authors 
A discussed the results obtained from cold rolling 
welded coupons of two types of steels—flange- 
firebox and S$. A. E. 1045. The testing procedures 
followed for both grades of steels were similar as were 
also the condition of the plates, the welding methods 
and materials used and the welds were made under nor- 
mal commercial conditions designed to produce sound 
welds. At that time it was sought to determine the effect 
of carbon in the higher ranges on the weldability of the 
steel and the possible heat effect on the malleability of the 
weld metal and the base metal in the zones adjacent to 
the welds. 

The considerable discussion evoked by the report made 
last year on this method of testing welded joints caused 
the authors to continue the investigation by using this 
time coupons obtained from steels of similar analyses 
and testing all coupons in a manner similar to that pre- 
viously reported. In this study, however, the test- 
pieces varied with respect to the degree of homogeneity 
of joint from those with a considerable area of unfused or 
unwelded metal to those possessing complete fusion 
and devoid of both cracks and porosity. 


MATERIALS 


The test specimens used in this study were of plain 
carbon structural steel of approximately 0.25% carbon. 


PROCEDURE 


The test-pieces cut from the plates had their longi- 
tudinal axes transverse to the welds. The plates were 
one-half inch thick by 14 x 17 inches. Strips were cut 
from the plates to allow for grinding on all four surfaces 
and produce specimens '/. x '/2 x 4 inches. 

. * To be presented at the Annual Meeting, A. W. S., Cleveland, Ohio, Oct. 
1 to 25, 1940. 
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Fig. 1—Magnification 2 X. Original Test-Pieces Etched with Ammonia 
ersulfate 


One-half of the Specimens from each plate were stressed 
relieved at 1200° F. for one hour and furnace cooled 
The specimens from the other half of each plate were 
tested in the “‘as-received”’ condition. 

The rolling was done on a small rolling mill, made by 
the Oliver Manufacturing Co., which has rolls 3 inches 
in diameter by 5 inches long and is classed as a triple- 
gear power rolling mill. It is operated by a 2-hp. motor 
with a speed of 10 r.p.m. The rolling direction was 
transverse to the welds and all overlays had been ground 
flush with the plate surface before rolling. As a result of 
previous experience a roll reduction of 0.010 inch in 
thickness per pass was used throughout. 

The plates were prepared with a single V-joint as 
shown in Fig. 1 and were welded with two passes from 
one side with a Prec light pass applied to the underside 
All welds were made by the A. O. Smith Corp. with the 
electric are process and a shielded metallic electrode 
X-ray analysis at the plant revealed the unfused lip 
portion of the one plate shown in Fig. 1. 

Lower plate, Fig. 1, shows a properly fused weld and 
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cold rolling to 0.070 inch in thickness produced no frac- 
tures. Lower joint shows unfused lip. Usually only one 
pass of 0.010-inch reduction in thickness reveals the 
fissure at the center of the weld. 

In the previous study, already reported, in addition 
; to the rolled specimens test-plates were also made and 
i tested in tension. The results which were then obtained 
proved so convincingly satisfactory that no need was 
y felt by the authors to continue that form of testing in this 
study. 


RESULTS 


; The results below are typical of the test-pieces in the 
different conditions noted above. Detailed behavior of 
each test-piece is not included. 


Designation of 
Unfused Specimens 
Not Stress Relieved 


No. 1 


Characteristics of Behavior 
Flaws appeared in butt of weld after two 
passes which increased with successive 
passes. Total failure occurred after rolling 
to 0.420 inch. 
2 Unfused section appeared 
Rolled to 0.412 inch. 
3 Weld interface appeared after 3 passes with 
' separation of plates at butt. Rolled to 
0.460 inch. 
4 After 2 passes unfused butt appeared. 
ing stopped at 0.450 inch. 
5 Crack appeared in butt after one 
Rolled to 0.460 inch, then stopped. 
6 Crack appeared in butt after one pass on both 
sides of bar. After 3 more passes rolling 
stopped when bar was reduced to 0.475 inch 
7 Rolled to 0.470 inch after revealing cracks in 
butt of weld. 
Rolling discontinued after 2 passes because of 
failure on butt of weld. 
12 Failed after 4 passes. 


after 2 passes. 


Roll- 


pass. 


Designation of 
Unfused Specimens 


Stress Relieved Characteristics of Behavior 


No. 1 Weld interface appeared after 4 passes. 
Rolled to 0.319 inch when cracks appeared 
on both sides at root of weld. 

2 Cracks on both sides at root of weld after roll- 
ing to 0.486 inch on 2 passes. 

3 Weld interface appeared and cracks at butt 
of weld after 2 passes. Rolled to 0.485 inch. 

4 Cracks appeared on both sides of bar at root of 
weld after 2 passes. Rolled to 0.431 inch. 

5 Weld interface appeared and also cracks on 
both sides after 2 passes. 

6 Cracks on both sides at butt after 1 pass 

7 Cracks on both sides at butt after one pass. 
Rolling stopped at 0.441 inch. 

8 Small crack on one side after rolling to 0.460 
inch. Crack on opposite side after rolling 
to 0.403 inches. Rolling stopped at 0.306 
inches. 

Q Cracks appeared on both sides of butt after 
one pass. 

10 Failure in butt of weld after 2 passes. Rolled 
to 0.470 inch. 

11 Rolled to 0.413 inch when crack appeared on 
one side. Crack on other side after rolling 
to 0.295 inch. 


A stress-relieving treatment, such as annealing at 
1200° F., increases the plasticity of the plates as shown 
by the fact that these coupons will stand more cold re- 
duction by rolling than those coupons not stress relieved. 
Stress relieving, of course, will not remedy the unfused 
lip portion of the plates. 

This work should be done also on higher carbon plate 
and alloyed plates. The writers believe, from foregoing 
results, that this test will be especially valuable for alloy 
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steels and higher carbon steel welds as it will effectively 
reveal the need for stress relieving the heat-affected zone 
to obtain better plasticity and eliminate brittleness. 
This test being more drastic shows the higher internal 
stresses in these steels than is to be found in the lower 
carbon ranges. 


CONCLUSIONS 


The authors are of the opinion that their proposed 
test by cold rolling is quite worthy of further investiga- 
tion with higher carbon and alloy steel plates. From 
this and the previous investigation it appears that: 


Designation of 
Fused Specimens 


Not Stress Relieved Characteristics of Behavior 


No. 1 Cracks on both sides of weld at root after roll- 
ing to 0.490 inch 
2 Rolled to 0.090 inch. No appearance of fail- 
ure at root or toe of weld 
3 Rolled to 0.236 inch with only slight separa- 
tion of weld metal at heel of weld 
4 Rolled to 0.199 inch with no apparent fracture. 
5 Rolled to 0.156 inch with only minute cracks 
in base and weld metal. 
6 Reduced to 0.154 inch. 
7 Rolled to 0.139 inch 
S Reduced to 0.130 inch with small cracks ap- 
pearing in weld metal as well as base 
9 Reduced to 0.128 inch with no fracturs 
10 Rolled to 0.125 inch No cracks 
11 Rolled to 0.135 inch No cracks 
12 Small fracture at butt of weld after reducing 
to 0.400 inch. Weld metal showed small 
cracks at 0.212 inch. Rolled to 0.115 inch 
13 Reduced to 0.195 inch when small cracks ap- 
peared at toe of weld 
14 Rolled to 0.125 §nch with only slight cracks 
appearing on edge of bar 
Designation of 
Fused Specimens 
Stress Relieved Characteristics of Behavior 
No. 1 Reduced to 0.098 inch. No fracture 
2 Reduced to 0.100 inch with weld metal appar- 
ently more favorably affected by the stress 
relief temperature than the base 
3 Reduced to 0.103 inch with no cracks 
4 Reduced to 0.105 inch No cracks 
5 Reduced to 0.090 inch. No cracks 
6 Reduced to 0.075 inch. No cracks 
7 Reduced to 0.079 inch. No cracks 
& Reduced to 0.075 inch. No crack 
Q Reduced to 0.090 inch. No cracks 
10 Reduced to 0.080 inch. No crack 
ll Reduced to 0.088 inch. No cracks 
12 Reduced to 0.088 inch. No cracks 
13 Reduced to 0.080 inch No crack 


1. Special test bars are not required. Simply obtain 
a section from any welded plate, rough grind the beads 
and edges and cold roll transverse to the direction of 
welding. 

2. The plasticity of the weld metal together with 
the base metal is readily shown and insufficient weld 
penetration appears at a glance in several minutes. 

3. Ordinary tension and bend tests are rather mild 
tests when compared with the cold rolling test. 
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WELDING. of CARBON-MOLYBDENUM 


Piping tor High Temperature- 


By R. W. EMERSON’ 


INTRODUCTION 


TT E service requirements of power plant piping in 
1915 were seldom higher than 200 Ib., 500° F.; 
by 1930, a period of 15 years, these requirements 
were raised to 1300 Ib., 750° F.; today steam-power 
plants are operating as high as 1800 lb., 950° F. In view 
of this fact it is not surprising that power-plant ma- 
terials and their subsequent fabrication must pass rigid 
specifications and inspection. 

This paper deals with the welding of low carbon- 
'/,% molybdenum steel piping (A. S. T. M. designation 
A206-39T), a material having been generally accepted 
for steam temperatures ranging from 750-1000° F. The 
metallurgy of carbon-moly. welding is discussed in the 
first portion of the paper, followed by a discussion of 
joint design and general procedure and operator qualifi- 
cations. 


METALLURGY OF CARBON-MOLY. WELDING 


The Effect of Molybdenum on Steel.—Molybdenum, 
when added to steel, is believed to partially dissolve in 
the ferrite phase and partially combine with the carbon 
to form complex molybdenum-iron carbide. The dis- 
tribution of the molybdenum with respect to the ferrite 
and carbide phases as well as the exact composition of 
the complex carbide is not too well, if at all, established.' 
Davenport has pointed out that on a 0.40% carbon steel, 
molybdenum up to 0.50% is more effective in lowering 
the Ar, transformation than chromium.? Molybdenum 
is also effective in retarding grain growth, an average 
A. 5S. T. M. grain size of 5 or finer usually being produced 
after annealing at 1700° F. 

Metallurgical Effects Produced by Welding Heat.— 
When welding carbon-molybdenum steel, electrodes are 
used which produce a weld deposit of the same approxi- 
mate analysis as that of the base metal. Since the fusion 
of the base metal with the deposited metal offers no par- 
ticular problem, the only other essential problem which 
must be considered is the effect of the welding heat and 
subsequent rapid cooling on the hardness and micro- 
structure of the weld deposit and parent metal. 

In order to produce a cooling condition which would be 
at least, if not more severe, than would be encountered 
in actual welding practice, a single-pass bead was 
manually deposited on a 12 x 6 x 1’/,-inch carbon-moly. 
plate, using a */,s.-inch electrode, 200 amperes, and a 
welding speed of 6 inches per minute. A cross section 

* To be presented at the Annual Meeting, A. W. S., Cleveland, Ohio, Oct. 
21 to 25, 1940. Contribution to Fundamental Research Division of Welding 
Research Committee 
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of the deposit is shown in Fig. 1. This shows the as-cast 
weld metal, that portion of the parent metal which was 
heated into the austenitic region, the austenite-ferrite 
transition band, and a dark narrow band which upon 
microscopic observation appeared as spheroidized car- 
bide, this band representing an isothermal zone of ap- 
proximately 1300-1350° F. A demarcation which does 
not appear on the photograph but which was visible on 
the actual specimen occurred at the coarsening tem- 
perature of the steel where the microstructure changed 
from a large-grained Widmannstatten structure to one of 
a fine-grained equiaxed structure. The various changes 
mentioned above are all visible in Fig. 2. This shows 
the complete transition from the as-cast weld metal to 
the unaffected parent metal. 

Hardness readings taken in the heat-affected zone 
indicate the average hardness of this metal to be 250 
Brinell (converted Rockwell) with a maximum hardness 
of 270 Brinell. Both weld metal and Widmannstatten 
carbide are shown in Fig. 3 at a magnification of 200. 
The fact that the carbide is resolvable at low magnifica- 
tion after such a drastic weld quench would indicate 
that this material has a rapid transformation rate. The 
chemical composition of this material is given in Table |, 
No. 1. 


Table 1—Chemical Analysis 


No. hb Mn P S Si Mo 
l 0.19 0.62 0.030 0.030 0.22 0.46 
0.14 0.52 0.024 0.018 0.15 0.58 


bo 


The same material as used for the weld-quench test 
was used for checking hardness and microstructure after 
torch cutting. Micro-examination of the torch-cut sur 


Fig. 1—Single Pass Weld on Carbon-Moly. Plate 4 X 
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Fig. 2—Weld Metal and Heat-Affected Zone 40 X 


Single bead weld on 1 


face indicated transformation products of low hardness. 
Hardness readings verified this observation, not exceed- 
ing 225 Brinell. 

Photomicrographs of samples held at 1650° and 1925° 
F. for 4'/2 hours per inch of thickness followed by (a) 
furnace cool, (>) air cool and (c) water quench are shown 
in Figs. 4 and 5, respectively. These samples were 
prepared to check hardness and microstructure against 
those found in the heat-affected zone and weld deposit 
of the single-bead weld previously discussed and also 
that of a completed multiple-pass weld. 

The average hardness of each of the six samples is 
shown in Table 2. 


Table 2—Average Brinell Hardness of Heat-Treated Low 
Steel 


Heat-Treating 


Temperature Furnace Cool Air Cool Water Quench 
1650° F 108 158 930) 
1925° F 107 156 385 


It is to be observed that variation in heat-treating 
temperature had little if any effect on either microstruc 
ture or hardness when the samples were either furnace or 
air cooled. The temperature prior to water quenching, 
however, is shown to have a marked influence upon both 
hardness and microstructure. Figure 4 (¢) would in- 
dicate approximately a 50° Ar. transformation, Fig. 
5 (c) indicating an essentially complete Ar, transforma- 
tion with a corresponding Brinell hardness of 385. 
Figure 4 (c) also confirms the fact that this steel is one 
which transforms rapidly. Indications are (Figs. 4 (0) 
and 5 (6)) that molybdenum promotes spheroidization 
of the carbide when the steel is cooled moderately fast 
and yet sufficiently slow to obtain a high-temperature 
subcritical transformation. Though the carbide of 
Figs. 4 (b) and 5 (6) demonstrates a Widmannstatten 
pattern, closer examination of the carbide particles re- 
veals the carbide as small islands imbedded in a ferrite 
matrix. 


THE EFFECT OF PREHEATING AND STRESS RELIEV- 
ING ON QUALIFICATION TEST RESULTS 


Two test-pieces 6.625-inch O.D. x 0.432-inch wall x 
12 inch long were welded in the “B”’ (fixed horizontal) 
position, welding from the overhead position, through the 
vertical, to the flat position. A standard 37'/2° bevel 
was used. A */,s-inch split-band backing ring was used 
with a root opening of */;, inch. The test-pieces were 


6 in. carbon-moly. steel plate 


1 


s-inch and 2 passes of °/3- 
inch all-position carbon-molybdenum electrodes. One of 
the tests was welded using no preheat, the other test 


welded using 2 passes of 


being preheated to 400° F. minimum. Both tests were 
then split along the vertical longitudinal axis of the 
pipe and one-half of each of the two welded test-pieces 
was then stress relieved at 1200-1225" F. The condi- 
tion of the four test-pieces as represented by their heat 
treatment is given as follows: 

(1) No preheat, no stress relieve. 

2) No preheat, stress relieve 

(3) Preheat, no stress relieve. 
(4) Preheat, stress relieve. 


Specimens for tensile, bend and hardness tests were 
removed, macroscopic and microscopic tests also being 


made. The methed of removal of test specimens from 
each of the four halves is shown in Fig. 6. 
Bend-Test Results.—As may be observed from Fig. 6, 


one face bend and one root bend were removed from 
above the vertical position and one of each from below 
the vertical position. These were all bent in a standard 
welding jig and then further flattened until signs of 
failure, if any, occurred. As may be seen from Table 
4 and Fig. 7, the effect of preheating is noticeable on root 

bend results, much better bending being obtained with 
preheating. Little difference is to be observed on the 
face-bend flattening tests, all being completely flattened. 
It is also to be observed that the percentage elongation 
in face bending exceeded the required 30°, regardless of 
preheating or stress relieving, while the root bends only 
exceeded 30% when the material was preheated. Those 
specimens which received both preheating and stress 
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Fig. 3—Weld Metal and Heat-Affected Zone 200 X 


1940 WELDING OF CARBON-MOLYBDENUM PIPING 367-s 


* PARENT 
METAL 
Sst 
as 
te 
m 
r- 
eS 
n- 
of $ 
vs 
3s 
n 
a 
i- 
| 
st 
2° 


relieving show an average elongation in both root and 
face bending which exceeded 45%. 

Tensile Test Results —With the advances made in the 
metallic arc-welding electrode, reduced section tensile 
tests made on arc-welded test-pieces rarely, if ever, fail 
in the weld. For this reason, one tensile test only was 
machined from each of the four halves, the tests being 
machined from position No. 8, Fig. 6. The specimens, 
after testing, are shown in Fig. S and the results are 
given in Table 4. 

Figure 8 indicates that there is no appreciable hard 
ening resulting from welding or there would be a con 
siderable difference in surface level between the weld and 
heat-affected zone, and the parent metal in the “‘pulled”’ 
specimen which was welded using no preheat or stress 
relieve. 

Hardness Tests.—Hardness tests were made on the 
samples removed from position 7, Fig. 6, from each of the 
four pieces having the different heat treatment. The 
results are shown in Fig. 9. The weld having no preheat 
or stress relieve was somewhat harder than those having 
other treatments, this being considered, however, to be 
within a safe range, having a maximum hardness of only 
180 Brinell. Figure 10 shows the 4 macro specimens on 
which the hardness was measured. 

Microscopic Examination.—Specimens representing the 
four variations in heat treatment were removed from 
position 3, Fig. 6, and observed microscopically. Figure 
11 shows the weld metal and heat-affected zone from that 
specimen which was neither preheated nor stress re- 


Table 3—Bend-Test Results 


Elongation 


in Outside 


No. Bend Fibers Remark 
No preheat ] Face 33 See Fig 
No stress relieve 4 Root 26/2 
6 Face 35 
Root 191/, 
No preheat l Face 
Stress relieve + Root 22 
6 Face 44 
9 Root 52'/s 
Preheat 1 Face 48 
No stress relieve 4 Root 50 
6 Face 38 
9 Root 38 
Preheat l Face 46'/, 
Stress relieve 4 Root 51'/s 
6 Face 42 
9 Ropt 52 


lieved. This shows the grains directly adjacent to the 
as-cast weld metal to have a Widmannstatten pattern 
The carbide is shown completely resolvable at the low 
magnification of 50 X. Figure 12 shows a portion of the 
field covered in Fig. 11 at a higher magnification (150 
XxX). 

As a result of the foregoing, it would seem that stress 
relieving of material of this analysis and thickaess after 
welding, though advisable, need not be mandatory. 


Fig. 4—Heating Temperature 1650° F. 


~ 


A. Furnace cool 85 X 


Carbon-Moly. Steel A. S. T. M. 


B. Aijr cool 85 X 


Fig. 5—Heating Temperature 1925° F. 
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Fig. 6—Method of Removing Test-Pieces from 6'/s In. O.D. X 0.432 In 
Thick Wall Welded Carbon Moly. Pipe 


JOINT DESIGN 


Joint design has been considered by many individuals 
with various ideas regarding same, and is believed to be 
largely a case of personal preference.**° 

If a weld has a thoroughly fused root and has an in 
cluded angle sufficiently great to avoid excessive under 
cut and therefore avoid the possibility of trapping slag 
between passes and along the side wall of the weld it is 


re 


Fig. 8—Tensile Test Specimens 


believed that the general requirements of a good joimt 
design have been f led 

Joint design may be broken down into actual groove 
design and backing-ring desig: [The groove designs 
shown in Fig. 13, Nos. 1 and 2 have been published as a 
recommended practice, A. 5S. A. Standard Bl6e 1939 
and are considered to fulfil the latter of the two general 


to lack of agreement on a backing 
ring design which will assure a thoroughly fused root, 
standardization of such slow The main re 
quirement of a backing ring is that it has sufficient metal 
cross section to avoid burning through the ring and still 


requirements. Due 


has been 


NO PREHEAT 
NO STRESS RELIEVE 


NO PREHEAT 
STRESS RELIEVE 


PREHEAT 
NO STRESS RELIEVE 


PREHEAT 
STRESS RELIEVE 


Fig. 7—Bend Specimens 
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NO STRESS RELIEF. 
2- NO PREHEAT - STRESS RELIEF. 
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3- |400°F. PREHEAT - NO STRESS RELIEF. 
4- |400°F. PREWEAT- 1200°F. STRESS RELIEF. 
50 | | L 
Fig. 9—Hardness of 6'/s In. O.D. X 0.432 In. Thick Wall Carbon-Moly. Pipe Welded by the Metallic Arc Process 
a machined to close tolerances for a given nominal pipe 
Table 4—Tensile-Test Results size simplifies the problem of alignment of pipes with 
Tensile Strength, slight variations in actual I.D. In No. 5 the lips are 
Heat Treatment Lb. /In.* Remarks butted tight and fused by means of the metallic are. The 
a pt — lips are spaced in No. 6 and the first bead is deposited 
No preheat 62,280 using oxyacetylene welding. These joints not having 
Stress relieve All4 testsfailedinthe separate backing rings, however, are believed to be w 
Preheat 68,660 pene socket acceptable for Boiler Code fabrication. 
a eg es 62,970 Ring design No. 7 is one of two designs suggested by 


Stress relieve 


produce a “‘minimum restriction to flow’ in the pipe. 
This factor is dependent upon the contour of the inside 
of the ring and/or to what degree, if any, the pipe ends 
are recessed for the backing ring. 

The designs illustrated in Fig. 13 are shown essentially 
for the purpose of discussing ring design. 

For low-pressure piping a split-band ring can be used 
to good advantage and with but little or no extra cost. 
Designs 1 and 2 are of this type. A ring of this cross 
section is believed to have advantages over a split band 
'/, x */,inch rectangular cross section. This ring is 
*/1¢ inch thick through the section where maximum thick- 
ness is needed as too frequently a '/s-inch ring will burn 
through. The ring being ‘“‘radiused”’ results in a mini- 
mum restriction to flow. 

Designs of the types shown in Nos. 3 and 4 which in- 
volve machining of the backing ring are usually of the 
solid-ring type and are used for higher-pressure piping 
than the split-ring type. The raised portion in the center 
of the ring (design No. 3) materially aids in obtaining 
the proper spacing of the pipe but increases the possi- 
bility of a poorly fused root. Rings of the type shown in 
design No. 4 with various modifications as to width 
thickness and angle of bevel are being quite widely 
specified for high-pressure piping. This type of design 
gives good results and has the advantage of wedging the 
pipe to the ring as the weld contracts. This type of ring 
does, however, require extremely accurate machining of 
both pipe ends and the ring, if the desired root spacing is 
to be maintained. It is believed that an additional !/;¢ 
inch added to the thickness of this ring as shown by the 
dotted line would be beneficial. 

Designs 5 and 6 involve the rolling of a lip on the pipe 
which produces an internal upset. This internal upset is 
considered as an integral backing ring. The lip being 
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the Boiler Code for pipe sizes up to and including 5' 

inch O.D., and larger if applicable. This design does not 
allow for weld shrinkage and it seems that it would cause 
an upsetting of the backing ring or possible cracking of 
the weld. In addition to this a '/\s-inch root opening is 
believed to be insufficient to be sure of sound fusion at the 
root of the weld. The other suggested design (not shown 
in Fig. 13) involves the use of a tapered ring in addition 
to a raised section for spacing purposes. The raised 
spacer defeats the purpose of the tapered ring unless 


No Preheat 


No Stress Relieve 


No Preheat 
Stress Relieve 


Preheat 
No Stress Relieve 


Preheat 
Stress Relieve 


Fig. 10—Carbon-Moly. Welds—1 X 
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Fig. 1l—Multi-Pass Carbon-Moly. Steel Weld. 50 X (Reduced 50% in Photographing) 


both pipe and ring are machined with impractical accu- 
racy. The cross section of these rings are insufficiently 
heavy for pipe sizes larger than 5'/2-inch O.D. att 2 

It would be desirable to have added to the Boiler . 


Code Rules acceptable designs of backing rings for pipe +b 


JOINT DESIGNS FOR PRESSURE PIPING. 


sizes 6 inches and larger. These rules should preferably 
allow a root spacing of */. inch with a minimum ring 
thickness of '/s inch and preferably */;5 inch over that 
portion of the ring which is directly below the root acai 
opening. 

Joints of the type shown in No. 8, with slight modifica- 
tions, are used for high-temperature, high-pressure ser- 
vice by a number of fabricators. This type of joint has 
an external upset with a partially or completely recessed 
backing ring. 


GENERAL PROCEDURE AND OPERATOR QUALIFICA- 
TIONS 


Approximately 4'/, years ago some of the first quali- 


fication tests were made on metallic arc-welded carbon- 


wre INTEGRAL Ring 


+ A ry ® © © PIPING AND AIR CONITIONING Nov 1434 
\ TEE, wa molybdenum piping. Due to the immature stage of de- 
velopment of the carbon-molybdenum coated electrode 
Sen have in the ensuing period essentially been eliminated 
aah cepted method of fabrication for carbon-moly piping. 
Lat, As a matter of interest, approximately years ago 
Sse QA a the company with which the writer is now affiliated had 


piping using the oxyacetylene method. Carbon-molyb- 
denum wire '/, inch in diameter was all that was available, 
this being drawn to '/s-inch size. Due tothe fact thata 
vs | rod of this composition for gas welding was not available 


this method of fabrication was given little attention. 
Very recent articles on the oxyacetylene welding of 
Motel and Rone of Fig. 11. 150 x carbon-molybdenum piping, however, would indicate 
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Fig. 14—Reduced 65% in Photographing 


that recent advances have been made in this method of 
welding carbon-molybdenum steel for high temperature 
service.” 

The following include procedure qualification tests, 
operator's qualification tests and operator's appearance 
tests. These tests were made in February 1940. All 
tests include both the “‘B”’ (fixed horizontal) and ‘‘C”’ 
(fixed vertical) positions. 

Base Metal and Electrode.—The base metal used was 
8-inch Schedule 160 (actual wall thickness 1!/39 inches) 


‘/s-inch electrodes, a °/.-inch electrode being used on al] 
other passes. As a result of the '/,-inch root opening it 
was necessary to use two '/s-inch passes to completely 
fill the root. All beads which were made along the bot- 
tom side wall of the weld were woven. In the root, and 
as the upper side wall of the weld was approached, it was 
necessary to use string beads. In order to give the proper 
contour to the surface of the weld it was necessary to 
use a '/s-inch electrode on the last pass. 

It is to be noted that the number of beads or passes used 
is primarily a matter of the position in which the weld 
is made rather than any limitations of the metallic arc 
process as is believed by some individuals. 

Preheating and Stress Relieving.—Prior to welding the 
tests were heated to 400—600° F. (400° F. minimum) by 
means of a gas burner which was placed on the inside of 
the pipe. The temperature of the outside of the pip 
was such that wire solder (m. p. 450° F.) was melted 
when applied to the pipe prior to any welding. After 
welding the tests were wrapped in asbestos and allowed 
to cool. The tests were stress relieved at 1200° F. for a 
period of two hours in a gas-fired muffle furnace, (no 
gas flames were in contact with the pipe) followed by 
furnace cooling. 

Weld Testing.—All test-pieces were removed from the 
welded pipe and machined in accordance with paragraph 
P-112 of the A. S. M. E. Power Boiler Code. 

Method of Removing Tests——The test-pieces were re- 
moved from the welded pipe as shown in Fig. 20. Re- 
quirements according to P-112 call for items 1, 2, 3, 4, 
», 6, ll and 12. The entire pipe, however, was cut up for 
testing, macro specimens and additional bend tests being 
made. 

Reduced Section Tensile Tests.—Reduced section ten- 


carbon-molybdenum pipe corresponding to A. S. T. M. . ® 
Specification A-206. The all-position carbon-molyb- else 
denum electrode used corresponded to A. S. T. M.- 
A. W. S. filler-metal specifications A233-40T grade E- LY ie 
7010. 
Joint Design.—A standard U groove was used as shown ae, 
in Fig. 13, design No. 2. A mild steel backing ring | OVERHEAD OVERHEAD 
x '/s inch was used in conjunction with a '/,-inch root 
spacing. 
Welding Current and Polarity—The welding current 
and polarity used is given in Table 5. OVERHEAD eee 
Table 5—Electrode Diameter and Welding Current ® 
Electrode Welding Current, ger 
Diameter Amperes Polarity 
1/, inch 90-110 Reverse 
inch 120-135 (Electrode +) @ 
(Work —) 
Number of Beads, Welding Technique, Etc.—The man- G3) 
ner of building up the welds in both the “B” and ‘“C” 
position tests was comparable to that shown in Figs. VERTICAL 
14-19, inclusive. It is to be noted from these photo- 
graphs that each pass is relatively flat, the side walls of @) 
the groove are essentially free of undercutting and that 
the cross sections removed from the tests are free from 
porosity and slag. 
Two passes were made using '/s-inch electrodes fol- Gy 
lowed by five passes using °/3.-inch electrodes when mak- 
ing the ‘“B”’ position test. OOWN-HAND 
When making the ‘‘C’’ position test, the first two > Wo. OF PASSES 
passes and the last pass (bead No. 21) were made with Fig. 15 
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sile tests were machined according to Fig. A-14, Par. yo Of PASSES, 
4-108, Power Boiler Code. The tests were “pulled” by ia 1@- Ce iG 
the Pittsburgh Testing Laboratories (report No. 212206), 
the results of which are given in Table 6. |} 
Figure 21 shows the tensile specimens after testing. | 
It is to be observed that all tests failed in the parent ) : | ror 5 | | 
metal. 
| | | 
|» rrom 
i 
| | 
eat 
Fig. 18 
Table 6—Reduced Section Tensile Tests 
Test Yield Strength, Tensile Strength, 
Position Lb. per Sq. In Lb. per Sq. In Remarks 
5-B 47,600 66,280 Failed in parent metal 
11-B 47,150 66,300 Failed in parent metal 
5-C $7,520 66,040 Failed in parent metal 
& 16,420 H5,671 Failed in parent metal 
standard bending jig. All specimens, after bending, were fs 


in perfect condition. The test-pieces were then flat- 
tened in order to give an outside radius of °/s inch. All 
specimens from the “‘B”’ test position were still without 
flaws; Specimens 1C and 3C, however, contained small 
tears in the weld. The bend tests are shown in Fig. 22. 

Root and Face Bends (Free).—Both root and face 
bends were made as given in Figure A-15, Par. A-108 
Power Boiler Code, tested and photographed as shown in 
Fig. 23. These specimens were bent to an outside radius 
of 1'/,. inches. The results of these tests are given in 
Table 7. 

The minimum elongation of the outside fibers must be 


Fig. 17—Reduced 65% in Photographing 


Stde Bend Tests (Standard Jig).—The */s-inch side 
bend tests were removed from pipe positions 1, 2, 3 and 
4 as indicated in Fig. 20 and machined according to Fig 
ure A-13, Par. A-108, Power Boiler Code. The tests 
were all bent to an outside radius of 1*/,. inches in a Fig. 19 
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METHOD OF REMOVAL OF TEST SPECIMENS IN ACCORDANCE with 
All? OF THE Power 


Fig. 20—Method of Removin 


Test Pieces from 8°/; In. O.D. X 0.906 In. 
Thick Wall 


elded Carbon-Moly. Pipe 


Table 7—Bend Tests 


Test Type of % Elongation in 
Position Bend Outside Fibers Remarks 
6-B Face (free) 57.2 No defects 
8-B Root (free) Bent on face by mistake—took full 


bend O.K.—no defects—not photo- 


graphed 

12-B Face (free) 55.4 No defects 
14-B Root (free) 55.8 No defects 
15-B Root (free) 47.1 (No defects) 

(Bend slightly 

off center) 
6-C Face (free) 45.0 No defects 
8-C Root (free) 46.0 Slight tear in weld 
12-C Face (free) 48.9 No defects 
14-C Root (free) 53.6 No defects 


30% in order that the free-bend tests shall successfully 
pass the A. S. M. E. requirements. These tests produced 
a minimum of 45% elongation which is 50% greater 
than that required, with a maximum elongation of 57%. 

1'/.-Inch Side Bends.—The 1'/s-inch side-bend tests 
were made to produce severe bending conditions on the 
outside radius. The results of the tests are given in 
Table 8. The specimens are shown in Fig. 24. 


Table 8—1!/2-Inch Side Bends 


% Elongation 


Test Type of in Outside 
Positions Bend Fibers Remarks 
9-B 1'/,-inch side (free 61.5 165° bend—slight 
tear in weld 
9-C 1'/»-inch side (free 75.0 180° bend—no de- 
fects 
15-C 1'/s-inch side (free) 50.7 18)° bend—no de 
fects 
374-s 
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Hardness Tests.—Brinell (converted Rockwell) hard- 
ness tests were made on one of the macro specimens from 
each of two welding positions (‘‘B’’ and “‘C’’ positions), 
The results are shown plotted in Fig. 25. In general it 
may be seen that the hardness of the weld metal is ap- 
proximately 25 to 35 points higher than that of the par- 
ent metal. All hardness readings, however, are well 
within a range which would indicate satisfactory duc- 
tility. ; 

Macro Etch Tests——Macrographs of the welds made 
in both the ‘““B’’ and ‘‘C”’ positions are shown in Figs. 
26 and 27. These photographs show quite clearly the 
procedure used in building up the weld, the effect of 
heat from each pass on the preceding pass and also the 
crystal structure of the as-cast weld metal. 

Stress-relieving temperatures rarely, if ever, go above 
1400° F. (critical temperature) and therefore have no 
effect on the structure of the as-welded joint. For this 
reason the last pass applied always shows an as-cast 
structure. As can be observed in both photographs, this 
structure was found in some of the sub-surface beads. 
This indicated that the pass partially showing this 
structure was sufficiently heavy so that the heat from the 
subsequent pass failed to raise it sufficiently above the 
critical temperature to remove all traces of the as-cast 
condition. This variation in structure, however, to the 
writer's knowledge, has little if any effect on the resulting 
physical properties. It is believed that an insufficient 
number of creep tests have been made, on welds having 
both the as-cast and heat-treated metal, to make any 
positive statements regarding this effect on creep 
strength. 


CONCLUSION 


(1) Carbon-molybdenum steel is welded using an 
electrode of the same approximate analysis as the base 
metal; for this reason the main metallurgical considera 
tion is the effect of the welding heat, followed by rapid 
cooling, on the hardness and microstructure of the base 
metal and weld deposit. 

(2) Hardness readings and microstructure examina- 
tion on a single-bead weld made under severe cooling 
conditions indicates that the weld-hardening tendencies 
of low carbon-'/2% molybdenum steel is only slight. 

(3) The above conclusion was also confirmed by 
heat treating small laboratory specimens, it being neces- 
sary to water quench these specimens from 1925° F. 
in order to produce severe hardening. Air cooling from 


Fig. 21—Tensile Specimens 
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Fig. 22 (Top)—Side Bend Specimens (Std. Jig) Fig. 23 (Center)—Free Root and Face Bend Specimens Fig. 24 (Bottom)—1 


as high as 1925° F. and water quenching from as high as 
1650° F. failed to produce excessive hardening. 

(4) The effect of preheating and stress relieving is 
readily noticeable on the elongation before failure in 
free bending. These variables, however, have little, if 
any, noticeable effect on tensile-test results. 

(5) Both hardness tests and microscopic examination 
from a multiple-pass weld on a 6°/s-inch O.D. x 0.432- 
inch wall pipe which was neither preheated nor stress re- 
lieved ndicate a structure with a similarity to the air- 
cooled heat-treated specimens previously mentioned. 

(6) Proper joint designs for pressure piping require 
a root opening and ring design such that proper fusion is 
obtained in the root of the weld in addition to the fact 
that the included angle of the welding groove should be 
sufficient to avoid excessive undercutting and thus avoid 
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the possibility of trapping slag along the side walls of the 
weld. 

(7) Deep-etch tests taken from various positions 
from operator’s appearance welds as well as physical 
tests removed from heavy wall pipe in the preheated and 
stress-relieved condition indicate electric arc welding to 
be a superior method of joining carbon-molybdenum 
piping for high-temperature high-pressure service 
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DEFECTS IN WELD METAL 


and 


By C. A. ZAPFFE’ and C. E. SIMS’ 


INTRODUCTION 


ECENT research at Battelle Memorial Institute 
R concerning the effects of hydrogen on the proper- 

ties of steel has exposed some relations of hydrogen 
to defects in weld metal that should be of interest to 
welders. A review of the literature on welding shows 
that these relations have not received sufficient atten- 
tion, principally because the complex behavior of hydro- 
gen in steel has not been satisfactorily understood. 

In the following discussion, some purely metallurgical 
aspects of hydrogen in steel are first briefly presented to 
provide a suitable understanding of the experiments and 
hypotheses that follow. The present writers have made 
an exhaustive survey of the literature on hydrogen in 
steel} *° and have written at length upon the subject.**~** 
Because a suitable discussion of hydrogen in steel involves 
many hundreds of references, the authorities for state 
ments discussed in the former papers will, in general, not 
be relisted here. 


HYDROGEN IN STEEL 
Fundamental Aspects 
Occlusion of Molecular Hydrogen Under High Pressure 
Perhaps the most remarkable single feature of the 


Steel-Hydrogen system is the ability of hydrogen to 


* To be presented at the Annual Meeting, A. W. S., Cleveland, Ohio. Oct 


21 to 25, 1940 Contribution to the Industrial Research Division, W. R. ( 
t Research Associate and Supervising Metallurgist, respectively, Battelle 
Memorial Institute, Columbus, Ohio 
! References at end of paper 
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Hydrogen in Iron at One Atmosphere Pressure. (Sieverts) 


Hydrogen in Steel 


collect under tremendous pressure within discontinuities 
in the steel, whether these discontinuities be blow-holes, 
inclusions, macroscopic cracks and grain boundaries or 
submicroscopic rifts in the fine-structure Phe ex 
planation of the phenomenon lies principally in the two 
facts that hydrogen dissolves only atomically in steel 
and that the solubility of the decreases 
thousand-fold from melting temperatures to room tem 
perature 

The variation 


gas several 


of solubility with temperature for 


hydrogen in pure iron is shown in Fig Jelow 400° € 
(750° F.) the amount of hydrogen in true solution be 
comes immeasurably small. The solubility varies with 


the square root of the pressure at constant ter 
as shown in Fig. 2. This relation cor 
action law 


H, = 2H 
Py 
Ku 
Pu 
Px Ku’ Px 


and proves that the gas dissolves atomically 
has also been shown experimentally that the gas dis 
solves atomically and that the atoms are held inter 
stitially in the lattice of the iron. The extreme insolu 
bility of molecular hydrogen in steel is attested at ordi 
nary temperatures by the fact that steel tanks are used 
to store hydrogen under pressure; and it has been sh 
experimentally that, to force molecular hydrogen th 
steel, pressures are needed that will plastically deform 


the steel. Microscopic fissures, visible principally as 
slip planes, then develop concurrently with the deforma 
tion, and it is through these that the molecular hydroget 
probably escapes. 
| 
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Fig. 2—Relation of the (Reversible) Solubility to Pressure for Hydrogen 
in Steel. (Bardenheuer and Keller) 
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Fig. 3—Theoretical Pressures Developed by Hydrogen in Steel During 
Cooling. (Luckemeyer-Hasse and Schenck) 


It is evident that the sharp decrease in solubility that 
occurs with decreasing temperature (refer to Fig. 1) 
will cause a high degree of supersaturation to obtain 
when steel is cooled, even though the solution at the 
elevated temperature was dilute. To hold the excess 
atomic gas in solution in the metal, an equal pressure of 
atomic hydrogen is necessary outside the metal lattice. 
Because the decrease in solubility is several thousand- 
fold from the melting temperature of steel to room 
temperature, several thousand atmospheres of atomic 
hydrogen would be necessary to prevent precipitation of 
hydrogen in a cold steel that had been previously satur- 
ated when molten. However, at ordinary tempera- 
tures hydrogen is extremely stable in the molecular state, 
and it has been shown that atomic hydrogen will dissolve 
in the steel in quantities that vary only with the square 
root of the pressure of molecular hydrogen. As un- 
attainable total pressures of this gas would be required, 
dissolved hydrogen will diffuse out of the metallic lattice 
almost without hindrance; and, when this escape takes 
place at an internal surface, the escaping atoms will re- 
combine to form molecular hydrogen in the discontinuity 
until the equilibrium pressure is attained or until the 
metal ruptures and permits the molecular hydrogen to 
escape. Such ‘trapping’ of hydrogen is especially 
favored by the fact that diffusion is extremely slow at 
ordinary temperatures and escape at external surfaces 
therefore scarcely affects precipitation at internal sur- 
faces except in very thin specimens. 

Simple calculations of these potential internal aero- 
static pressures, using the solubility data provided in 
Fig. 1, result in the astonishing curves shown in Fig. 3. 
It is seen that considerably less than 0.001 weight per 
cent of hydrogen in steel can produce pressures at ordi- 
nary temperatures that exceed the strength of the strong- 
est steel, and it has been demonstrated by experiment 
that this is true. 

Furthermore, when carbon is present in iron, the 
tendency of the hydrogen to react with the carbon to 
form methane is even much greater than the tendency to 
form molecular hydrogen. The reaction: 


C + 2H: = CH, 


has been amply studied, and Keun, ~ 1 at = 560° ¢ 
(1040° F.), so even at this comparatively high tempera. 
ture the pressure of methane may develop to squared 
values of the pressure of molecular hydrogen. As thy 
temperature decreases, the methane equilibrium pres 
sure increases from about 20,000 atmospheres, for ex 
ample, at 560° C. (1040° F.) to millions of atmospheres 
below 500° C. (930° F.) for a steel that contains only 
0.001 weight per cent of hydrogen. It is well known that 
the tendency of welds to crack increases with increasing 
carbon content.® ** ** This effect has usually been attri- 
buted to the formation of a hard, brittle zone due to self. 
quenching of the more hardenable steel. In the light oj 
the above reasoning it seems probable that cracking may 
be largely an effect of the formation of methane. ; 

While these figures sound preposterous, they are never- 
theless based upon sufficiently sound chemical reasoning 
and are borne out by experimental observation to the 
practical limits imposed by the strength of steel. A 
more simple picture is that methane decomposes s 
negligibly in contact with iron at low temperatures that 
appreciable partial pressures of atomic hydrogen can 
never be realized in practice. Of course, such high pres- 
sures of a gas that has only one-fourth the molar volume 
of its constituent atomic hydrogen necessitate either ex 
ceedingly small repositories or exceedingly large supplies 
of atomic hydrogen. 


Interpreting Analyses 


One of the most remarkable examples of oversight in 
metallurgical science that has persisted in even the most 
recent work is the unintentionally deceptive habit of 
expressing hydrogen analyses in weight per cent without 
the slightest mention of, or regard for, the fact that the 
same number of molecules of any gas, regardless of weight 


Fig. 4—Blisters on Steel Sheet Caused by Hydrogen. (Top) Hydrogen 


(P )2 Inherited from the Steel-Making Process. (Center and Lower) Front 
Kes ax He and Back Views of Same Sheet Subsequently Loaded Electrolyticaily 
CHs (Pca,) with Hydrogen. Original Blisters Have Burst. Note Small Blisters on 
CHa Large Blisters 
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Fig. 5—Effusion of Hydrogen from '/.-Inch Steel Rod Immersed in 
Previously Boiled Water at 95° C. (200° F.) After Pickling Ten Minutes 
in Dilute H,SO, 


or molecular description, occupies exactly equal volumes. 
Many present-day writers continue to express gas analy- 
ses in weight per cent, and then proceed to dismiss hydro- 
gen as an important constituent because analysis shows 
less than, say, half as much (by weight) hydrogen as there 
is nitrogen, oxygen or carbon oxides, or because the 
figure is so insignificant compared to iron. Actually in 
such analyses there is, respectively, 14, 16, 22.and 28 
times as much molecular hydrogen, and twice this again 
of atomic hydrogen, as credited, and it then immediately 
follows that hydrogen is often the predominating gas 
by direct analysis. The fact should also be regarded 
that important fractions of hydrogen may escape analysis 
either by diffusion from the steel before the analysis or 
by virtue of the impotence of vacuum technique, which 
must operate against a most effective square-root rela 
tionship, in abstracting at elevated temperatures the 
then highly soluble gas; and in contrast to these elusive 
tendencies of hydrogen, most other gases exist in steel as 
solid phases which do not affect steel as does hydrogen, 
nor can they be regarded as representing a gas content 
of the steel, for a large fraction of them are dissolved in 
the liquid steel as compounds or are trapped mechanically 
as reaction products or suspensions. 


Sources of Hydrogen in Steel 


Because such exceedingly small quantities of this gas 
may exert severely deleterious effects, it is important to 
point out some of the numerous sources of the hydrogen 
that steel absorbs. Referring again to Fig. 1, it is evi- 
dent that the commonest source of hydrogen probably 
occurs in the melting process, since the solubility of 
hydrogen in molten steel is very high. Particularly 
important in regard to welding is the sharp increase of 
solubility with temperature at steel-melting tempera- 
tures, for the weld puddle is often heated even beyond the 
highest temperature shown on the graph. 

In the steel-making process hydrogen is available in 
the combustion gases, in the moisture in the air and in the 
moisture in the raw materials. Moisture readily dissoci 
ates in contact with steel at high temperatures and pro 
vides two atoms of hydrogen for every atom of oxygen. 
It has been shown that as much as 1000 gallons of water 
per hour are carried into the blast furnace with the air.** 
Formation of magnetic iron oxide, alumina, etc., by 
reaction of steel with moisture can be shown by simple 
calculation to produce many thousand volumes of hydro 
gen for each volume of oxide produced. An addition of 
one per cent of rust to a steel bath, perhaps as rust accom 
panying scrap, liberates twenty relative volumes of 
hydrogen (in respect to the steel), which is greater than 


the saturation value for molten steel under one atmos 
phere of pure hydrogen. 

All steels therefore have inherent quantities of hydro 
gen, varying in degree with the various steel-making 
processes, and this hydrogen frequently appears during 
fabrication as ‘‘flakes’’ in forgings, ‘‘shatter cracks"’ in 
rail steels and blisters on rolled sheet (see Fig. 4), and 
later perhaps as defects in coatings applied to the 
steel. ** 44-46 

At ordinary temperatures one of the most common 
reactions that supplies hydrogen to steel is rusting, 
whereas the greatest quantities and the most rapid ab 
sorption of the gas are obtained from pickling or cathodic 
electrolysis. Any reaction that provides nascent hydro 
gen at the surface of the steel will cause absorption of 


Fig. 6—White Paint on Bottom of Iron Crucible Blistered by Hydrogen 
That Has Diffused Through the Crucible 


Fig. 7—Porcelain Enamel Exploded from the Bottom of an Enameled 

Pan by Hydrogen That Had Diffused Through the Steel from an Acid 

Reaction Inside the Pan. Note Litmus Paper Showing Absence of Acid 
Seepage 
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this hydrogen, and at ordinary temperatures steel shows 
a remarkable ability to occlude the gas, probably molecu- 
larly, in internal sub-microscopic rifts. Cold working 
the steel causes these rifts to increase in size and number 
with the result that a specimen may take up hydrogen 
in quantities thousands of times greater than the true 
solubility. Very little precipitation need occur in such 
small rifts to provide high aerostatic pressure, and the 
great dispersion of these rifts causes the cumulative 
effect to exhibit itself as a general embrittlement of the 
steel. The subject of hydrogen embrittlement has been 
more extensively discussed than any other phase of 
hydrogen in steel, so no more will be said of embrittle- 
ment until later when it will be necessary to point out 
the difference in the response to temperature between 
hydrogen occluded in such rifts and that occluded in 
larger cavities. 

In almost every type of welding there is hydrogen that 
is available for solution, and the weld puddle has an 
exceedingly high solvent power for this gas. Cellulose- 
coated welding rod is an obvious source of hydrogen; 
likewise, the flame in acetylene and in atomic hydrogen 
welding. A less obvious and yet most important source 
of hydrogen in all welding processes, as will be shown 
later, is the moisture contained in the air and associated 
with the materials. 


Illustrative Experiments 


A few simple experiments can readily demonstrate most 
of the theories that have just been presented. For 
example, the tremendous quantity of hydrogen that steel 
will absorb, especially when the steel is cold rolled, is 
shown in Fig. 5. A steel rod only '/s inch in diameter 
was loaded with hydrogen by pickling for ten minutes in 
dilute H,SO,. After rinsing, the rod was placed in pre- 
viously boiled water at 95° C. (200° F.) and hydrogen 
effused from the rod as shown. Continuing for over ten 
minutes, such an effusion is truly remarkable. 

The precipitation of dissolved hydrogen that occurs at 
all lattice termini, regardless of back pressures of molec- 
ular hydrogen, is shown in progressive degrees of sever- 
ity in the following figures. Figure 6 shows blisters in 
white paint on the bottom of an iron crucible. The 
crucible contained dilute H.SO,, and hydrogen generated 
by the iron-acid reaction diffused atomically through the 
iron and precipitated molecularly beneath the paint. 
The permeability of the paint was insufficient to remove 


Fig. 8—Disk Compounded by Welding Together Two :-Inch Steel 

Plates. Blisters ere Caused by Hydrogen, Generated by Pickling, 

Which Has Become ‘Trapped’ at Small Interfacial Discontinuities. 
Note that the Blisters Have Burst from the Excessive Pressure 
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Fig. 9—Typical Blisters on Galvanized Sheet. Hydrogen, Generated 

During Cleaning by Pickling, Collected at Every Discontinuity and 

Portrayed with Blisters Those Areas Which Have Not Welded Together 
During Rolling 


2 4 5 
Fig. 10—Interior of Blister on Galvartized Sheet Showing Thin Oxide 
Film That Prevented Welding During Rolling and Later Afforded Occlu- 


sion of Hydrogen Absorbed Primarily During Pickling. Cross-Section 
and Interior 


the hydrogen as rapidly as it was being precipitated, and 
blisters resulted from the ‘‘trapped’’ hydrogen. Like 
wise, in Fig. 7 vitreous porcelain enamel has been ex 
ploded from the bottom of an ordinary laboratory pan 
by hydrogen generated and accumulated in the same 
manner as in the previous figure. The chips of enamel 
were blown several feet from the pan by the gas pressur« 
The litmus paper shown on the bottom of the pan was 
wetted with distilled water and moved over the chipped 
surface to show that only hydrogen, not acid, had diffused 
through the steel. 

More severe is the effect shown in Fig. 8. Two 
inch steel plates were carefully cleaned and rim welded, 
and were then lightly rolled at 1200° C. (2200° F 
Any interfacial film that remained must have been so 
slight as to simulate a grain boundary that contains 
impurities. Hydrogen, generated by pickling, diffused 
through this compounded plate, precipitated at thes 
pseudo-grain boundaries and caused the blistering shown 
in the figure. Aerostatic pressures of thousands oi 
pounds per square inch must have been necessary to raise 
these blisters. 

This same type of blistering is well known com- 
mercially where it occurs, for example, during galvaniz 
ing (see Figs. 9 and 10). Sheet that is cleaned by pick 
ling, as in preparation for galvanizing, has greatly in- 
creased quantities of hydrogen over that inherent quan 
tity that may in itself cause blistering, as shown in the 
previous Fig. 4. The blistered areas comprise nothing 
more than those portions of the sheet that have not 
welded together during rolling and which have, therefore, 
collected hydrogen. 
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Fig. 1l—Apparatus for Measuring 
Incipient Pressures of Hydrogen 
Occluded Jf Molecularly in Steel 


It is easy to measure the incipient pressure that 
hydrogen exerts when trapped molecularly at some dis- 
continuity, but it is obviously impossible to observe 
experimentally the limiting theoretical pressures. Figure 

| shows a plain steel bar drilled longitudinally with one 
end sealed and the other end fitted with a high-pressure 
gage. Hydrogen, supplied to the outside of the bar by 
electrolysis, became occluded in the artificial cavity. 
The pressure rose to 480 pounds per square inch and 
shortly thereafter the gasket around the gage ruptured 
and the test was discontinued. There was no indication 
that the rate of pressure increase was any slower at the 
end than at the beginning of the test. 


WELD DEFECTS AND HYDROGEN 


Cracks and Fissures 
General Relation to Hydrogen 


One of the most important rer that occur in weld- 

*~*! Various distinctions hoe e been made between 
edge’ cracks and “‘inner’’ cracks,* ‘‘longitudinal’’ and 

transverse’ cracks*® *! and cracks that occur in thin 
and in thick sections,*’ but in every case the defect has 
the nature of a rupture in the metal and will therefore be 
broadly considered here as such. 

The generally accepted explanation for cracking has 
been that severe stresses from thermal gradients, shrink- 
age and transformations in the steel are initiated during 
welding. Hydrogen has only recently been proposed** 
*0” 82, 34, 38 as an agent in cracking, but the idea has not 
yet had wide acceptance. Bardenheuer and Botten- 
berg,** ** who were apparently the first to propose the 
hydrogen hypothesis, present the most acceptable ex- 
planation—an explanation that should be easily under- 
stood if one understands the principles of hydrogen in 
steel outlined in the first part of the present writing. 
These authors discuss transformation stresses, using the 
diagram presented originally in 1925 by Bardenheuer to 
explain “‘flaking’’ in forgings (see Fig. 12) and, although 
the occurrence of transformation stresses is shown often 
to coincide with the occurrence of cracking, it is pointed 
out that specimens of the same steel may or may not 
crack and that there must therefore be another factor. 
To prove that this other factor is hydrogen, Barden- 
heuer and Bottenberg electrolytically charged non- 
fissuring steel with hydrogen and found that, as the 


charging period increased, the tendency of the steel to 
fissure during welding increased; and that with increased 
aging time after charging, during which period hydrogen 
escapes from the steel, the fissurabilitv decreased. They 
also showed by analysis that steel tending to fissure ab- 
sorbed more hydrogen during welding than does non 
fissuring steel, and then discussed the hydrogen theory 
much as it is discussed in the present paper, pointing 
out that the gas will generally be effective only when 
there is some discontinuity in which it may occlude, and 
that the pressure of such occluded hydrogen, in com 
bination with other stresses, will cause cracking 
Stieler*® *' draws about the same conclusion, though his 
picturization of hydrogen in steel is not so clear 
Werner**: ** argues so strongly in favor of hydrogen 
reacting with impurities in steel, similar to “hydrogen 
sickness’’ in copper, that he quite overlooks the fact that 
hydrogen may also occlude under pressure in empty 
holes. The silvery interior of blow-holes so frequently 


found in weld metal® 7 2% * is a good indication of 
hydrogen occlusion, adi the fissures often found leading 
from these blow-holes® (refer to Fig. 15) indicate that the 


hydrogen has collected there under great pressure in 
conformity with the principles of hydrogen in steel that 


have just been discussed. The decarburization often 
noted both along the blow-holes and along the fissures 
again attests the presence of hydrogen, rather than 
carbon monoxide, as suggested by one investigator 


Doan and Bounds** state that welds made under H, or 
NH; were very porous and that, as the weld puddle solidi 
fied, bubbles containing hydrogen rose in the metal and 
burst. Similar observations of foaming and spatter 
have been attributed to hydrogen.*' Also, cracking 1s 
less frequent in bare wire and coredrod welds,*' where the 
atmosphere is usually oxidizing, than in heavily-coated 
rod welds,*: *! where atmospheric oxygen is excluded and 
conditions are reducing. 


SOLIDIFYING WITH PEARLITIC 
STRUCTURE 


IN VOLUME 


CHANGE 


200 200 S00 B00 C 
30 390 752 mio , 1470 1830° F 
TEMPERATURE 


Fig. 12—Origin of Stress from Volume Differences in Partially Trans- 
formed Steel. (Bardenheuer) 
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Fig. 13—Two Fractured Tensile Fig. 14—Two Fractured Tensile 
Specimens Showing Embrittlement Specimens Showing ‘‘Fisheyes"’ at 
of Weld Metal by Hydrogen Ab- Bottom of Weld Puddle Caused by 
sorbed During Arc-Welding with Hydrogen from Molten Second 
Cellulose-Coated Rod Bead Depositing in Cold Metal of 

Solid First Bead 


Sources of hydrogen during welding are numerous. 
The lowest analyses (0.0001 and 0.0002 weight per cent) 
for hydrogen in weld metal in any of the processes tabu- 
lated by Spraragen and Claussen*’ is still sufficient to 
cause local fissuring, even at temperatures as high as blue 
heat (refer to Fig. 3); and several of the analyses, in- 
cluding one for arc welding in air, show the suprising 
quantity of 0.005 weight per cent, which is five times the 
quantity of hydrogen that solid iron at its melting point 
will absorb from an atmosphere of pure hydrogen, and is 
many times greater than the content necessary for 
producing severe ‘‘flakes’’ and ‘‘shatter cracks’’ in forged 
steel. Referring again to Fig. 3, it may be seen that such 
a quantity of hydrogen, if dissolved in the steel, would 
require equilibrium pressures of molecular hydrogen great 
enough to rupture the steel even before it had cooled 
below red heat. Of course, it should be pointed out that 
the presence of cold metal adjacent to the weld puddle 
permits precipitation of the hydrogen during welding, 
and subsequent analyses therefore do not represent 
hydrogen that was dissolved in the steel; and it will be 
recalled that it is the dissolved hydrogen that regulates 
the equilibrium pressure of the precipitated molecular 
hydrogen. On the other hand, an analysis represents 
an average content throughout a section, and cracking 
may well be associated with local, abnormally high con- 
tents of dissolved hydrogen. 

Whatever the quantitative aspects may be, there is 
no need ever to doubt that hydrogen is present in nearly 
all weld metal to an extent that may result in some 
fissuring. At the same time there should be no denial 
of the presence of other factors in fissuring and cracking, 
for shrinkage and transformation stresses certainly con- 
stitute such factors. The picture then resolves itself 


Fig. 15—Fractured Tensile Specimen Showing a Severe Occurrence of 
““Fisheyes”™ in an Arc Weld Made with Cellulose-Coated Rod. Magni- 
fication 2X. Note Visible Holes Wherein Hydrogen Was Trapped 
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much as in the case of flakes in steel forgings, where 
mechanical stresses are present, though probably to a 
lesser degree than in welded structures, but the explosive 
action of hydrogen, or hydrogen compounds, under high 
aerostatic stress is generally necessary to provide the 
increment that leads to rupture. Whether mechanical 
or aerostatic stress is granted first place in considering 
cracking in welds, the action of hydrogen deserves q 
very important position, as will be soon shown by experi- 
mental data. 


Some Effects of Impurities in Steel 

The relation of the composition of the steel to cracking, 
which has received so much attention,’ * ') ' 14 15, 
18-20, 22, 23, 25, 27, 29-82, 33, 41 becomes clearer when the 
effect of hydrogen in the steel is also considered. For 


Fig. 16—Enlargement of Several ‘‘Fisheyes'’ Seen in Previous Figure 
Showing the Embrittled Metal Surrounding Each Bright-Surfaced 
Hydrogen-Containing Blow-Hole. Magnification 10 X. 


example, the addition to steel of elements that have low 
solubilities, and which will therefore tend to segregate,”’ 
in general causes cracking in a degree that increases with 
the amount of the impurity. The worst offenders of 
this type among ordinary impurities are perhaps sulphur 
and phosphorus,® ** *% also carbide-forming ele- 
ments?* and less common additions of other metals, such 
as aluminum.*? Segregations, of course, will act as dis 
continuities to hydrogen diffusing atomically through the 
iron lattice, and the resulting aerostatic stress of the 
occluded gas will aggravate other stresses. The effect 
of carbon on fissuring®: **: ** can be largely explained by 
the great tendency of hydrogen and carbon to form in 
diffusible methane according to principles that have al 
ready been discussed. The deleterious effect ascribed 
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Fig. 17—Broken Hollow Steel Bar Showing Artificial Reproduction of the 

Shiny Zone Around Blow-Holes. The Cavity Had Been Sealed and the 

Bar Electrolytically Loaded from the Outside with Hydrogen Before 

Breaking. The Shiny Fracture Is Common Evidence of Hydrogen 
Embrittlement 


to nickel on cracking in welds** is very likely another 
manifestation of the ‘‘flaking’’ phenomenon,** due to 
hydrogen, which appears to be aggravated by the pres- 
ence of nickel. 

The impurities that differentiate steel from pure iron 
may therefore enhance hydrogen-caused defects by react 
ing chemically with the dissolved hydrogen to produce 
indiffusible hydrogen compounds and by providing dis- 
continuities in the iron lattice in which molecular hydro- 
gen may occlude. 


Fig. 18—Ordinary Plain Carbon Steel Tensile Specimen Cathodically 
Charged with Hydrogen at Four Small Points Around the Surface of the 
ar to Simulate Formation of *‘Fisheyes"’ 


The reported effect of aluminum*? on welds, just 
mentioned, is particularly interesting in regard to hydro 
gen because this metal is a strong deoxidizer in molten 
steel. In the course of the present work it was found, 
as will be discussed shortly, that one of the most prolific 
sources of hydrogen during welding is moisture, even 
when cellulose-coated electrodes are used. Pure iron 
oxidizes readily when molten, but hydrogen is a strong 


Fig. 19—"‘Checks"’ or ‘“Tears’’ in the Side of Tensile Specimens Caused 
by Hydrogen Embrittlement. (a) Ordinary Weld Metal. (6b) Specimen 
of Previous Figure 


deoxidizer and the atmosphere created by decomposition 
of the cellulose coating on an electrode will largely pre 
vent oxidation of the iron,** and hence will prevent forma 
tion of iron oxide inclusions in the weld deposit. Most of 
the oxygen present will remain as water vapor, or will be 
converted to water vapor, and may then escape as a gas; 
but if a strong deoxidizer such as aluminum is present, 
water vapor will in turn decompose to form, as explained 
previously, a quantity of solid oxide, which may be 
available for inclusion in the weld, and a thousands 
fold greater quantity of nascent hydrogen, which is 
available for solution in the weld. Furthermore, the 
absence of FeO in aluminum-killed steel favors increased 
absorption of hydrogen by the molten weld metal. The 
presence of metallic deoxidizing agents may therefore be 
especially injurious to the weld metal by increasing the 
quantity of hydrogen present in the atmosphere and in 
the weld metal and simultaneously increasing the number 
of discontinuities in which the hydrogen may collect 
under pressure. 
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Fig. 20—Effect of Temperature on the Diffusion of Hydrogen Through 
Nine Square Inches of 0.05-Inch Steel Sheet Hydrogen Generated by 
20 Per cent (by Volume) H-SO (Bardenheuer and Thanheiser) 


Embrittlement of the Steel by Ilydrogen 


Besides being occluded under pressure, hydrogen may 
also be present within the sound metal to cause embrittk 
ment. In fact, rupturing pressures of molecular hydro- 
gen in a cavity demand that the submicroscopic structure 
immediately surrounding the cavity also be stressed to 
rupture,*’ according to simple chemical laws. This 
embrittled zone constitutes the ‘‘flake’’ in steel forgings 
and the “‘fisheye”’ in weld fractures. Embrittlement of 
weld metal by hydrogen will be considered at greater 
length in another section, but it is desirable to point out 
here that if the weld is brittle,‘ either generally or locally, 
mechanical stresses will be relieved only by rupture. 
By embrittling the weld, hydrogen may therefore lend 
greatly to fissuring. 
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“FISHEYES” 


In one of the excellent reviews of welding literature 
recently published by W. Spraragen and G. E. Claus- 
sen,*' the viewpoint of one of the present authors was 
summarized in regard to the behavior of hydrogen during 
welding. Briefly, the very hot weld puddle acts as a 
reservoir of atomically dissolved hydrogen. The gas is 
received from the weld atmosphere in manners already 
described and, because the solubility in this molten metal 
is thousands of times greater than the solubility in the 
immediately adjoining cold metal, there is a very steep 
concentration, and hence diffusion, gradient that directs 
the dissolved atomic hydrogen from the hot into the 
adjacent colder metal. The puddle therefore acts much 
as does pickling or cathodic electrolysis in supplying 
great quantities of atomic hydrogen to the solid metal 
surrounding the puddle, and the results should be ex- 
pected to be largely the same. Because the solvent 
power of the colder metal decreases so rapidly, the in- 
coming hydrogen precipitates at every discontinuity. 
If the weld metal is quite clean, ordinary hydrogen em- 
brittlement will principally result, for the submicroscopic 
rifts are the only discontinuities available for occlusion 
(see Fig. 13). If the weld metal is neither clean nor free 
from porosity, the hydrogen will precipitate in the in- 
clusions and cavities according to principles already dis- 
cussed, and “‘birdeyes,*° or ‘‘fisheyes,’’*’ hitherto un- 
explained in welding literature, will be formed. The 
are-like arrangement of these defects so often noted® ' 
is simply a result of the manner in which the metal is 
deposited. In Fig. 14 the defects are seen lying in a 
llarrow zone at the inner surface of the first layer of a 
two-bead weld. The solid first bead has received hydro- 
gen from the molten second bead, and most of the gas 
has accumulated at the unclean junction of the two beads. 

This defect known as “‘birdeyes’’ or “‘fisheyes’’ to 
welders is known to metallurgists as ‘“‘white spots” in 
castings and as ‘“‘flakes’’ in forgings. Each is the same 
phenomenon and is caused by hydrogen retained locally 
by some discontinuity. The discontinuity is usually a 
cavity that contains only gas, and the defect is therefore 
closely associated with porosity.® The mecha 
nism for the formation of “‘flakes’’ and “birdeyes’’ 
is explained elsewhere by the present writers.** * 
Briefly, the molecular hydrogen in the discontinuity pro- 
vides transfer of atomic hydrogen, by virtue of the great 
pressure, to adjoining submicroscopic rifts in the metal 
according to the square-root relationship shown in the 
previous Fig. 2, and the resulting pressures of molecular 
hydrogen in these rifts in turn approach the pressure in 
the central cavity as a limiting value. When the pres- 
sure is sufficient to force open these surrounding rifts, 
or slip planes, a fracture will show bright areas where the 
break has occurred along the resulting small, planar sur 
faces. 

A particularly severe example of this type of defect is 
shown in Fig. 15. Here the discontinuities are plainly 
visible and are seen to be the silvery lined blow-holes 
referred to before. In Fig. 16 some of these ‘‘fisheyes”’ 
are shown enlarged and the surrounding zone of hydro- 
gen-embrittled metal is better seen. The effect can be 
artificially reproduced, as shown in Fig. 17, by drilling a 
steel rod longitudinally, sealing both ends and loading the 
metal with hydrogen electrolytically. The hydrogen 
source at first is outside the bar and the passage of the 
gas to the interior is marked by the evident embrittle- 
ment of the metal. In the same way the metal will later 
be embrittled when the hydrogen leaves the cavity, 
whether the exodus is caused by high pressures of molecu- 
lar hydrogen at low temperatures or re-solution of 
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similar quantities from lesser pressures at higher tempera 
tures. 

The defect can be reproduced in another way, as showy 
in Figs. 18 and 19 (6). An ordinary tensile specimen, 
containing no weld metal, was coated with Glyptal and. 
when dry, four longitudinal stripes '/is inch wide were 
cut through the coating at 90° positions around the bar 
These stripes were cathodically charged with hydrogen jy 
an electrolytic cell for one hour and the specimen was 
broken in tension. The four small zones of hydrogen- 
embrittled metal, seen in Fig. 18, extending from each of 
these four sources of atomic hydrogen, quite well simulate 
half a ‘‘fisheye”’ or ‘‘flake;"’ and the ‘‘checks”’ or “tears” 
on the sides of tensile specimens, so often noted when 
welds are tested (see Fig. 19 (a)), are seen to be due merely 
to the brittle zones caused by hydrogen, as shown in 
Fig. 19 (0). 


REMOVING HYDROGEN FROM WELD METAL 
Some Fundamental Observations 


Effects of Temperature, Time and Thickness of Metal 

Section 

It has already been indicated that hydrogen in stee] 
responds to temperature in a manner that depends en 
tirely upon the nature of the retention of the gas. In 
homogeneous metal, where the hydrogen can only b 
held in interstitial solution, or in submicroscopic rifts 
within the crystals, much gas is readily freed from thi 
sections in a very few minutes merely by heating th: 
steel very slightly, say, to the boiling point of water 
Figure 20' shows that the diffusion of hydrogen is in 
creased about thirty-fold when the temperature of th: 
steel is increased only from room temperature to 80° C 
(175° F.). This strong effect*of temperature is well 
illustrated in the previous Fig. 5. Inserted in cold water 
the same rod would have scarcely shown any effusio1 
and many hours would have been required to remove th: 
same amount of hydrogen that was removed in ten min 
utes at 95° C. (200° F.) as shown. 

Before prescribing durations of aging or baking periods, 
one should also consider the effect of thickness of metal 
through which the hydrogen must diffuse. Figure 21 
shows how markedly diffusion is hindered by increasing 
metal thickness. 

The rate of diffusion of hydrogen in steel increases 
logarithmically with temperature, but there is an opti 
mum temperature for removing hydrogen because the 
increase in solubility that occurs with increasing tempera 
ture causes a simultaneous decrease in the precipitation 
pressure, and the hydrogen is then not so pressed to 
leave the steel. 


cm? OF DIFFUSED HYDROGEN 


Fig. 21—Effect of Metal Thickness on the Diffusion of Hydrogen Through 
Nine Square Inches of Steel Sheet at 25° C. (80° F.) Hydrogen Generated 
by 20 Per Cent (by Volume) H:SO,. (Bardenheuer and Thanheiser) 
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Fig. 22—Blisters in Vitreous Enamel Caused by Hydrogen Stored in 

Cavities During Pickling and Released During Firing. (Top) Sketch 

Showing Artificial Cavities in the Plate. (Center) Ground Coat Fired 

Fourteen Minutes at 870° C. (1600° F.). (Bottom) Cover Coat Fired Four 
Minutes at 810° C. (1500° F.) 


From the viewpoint of physical chemistry, the in- 
creased solubility (Py) that occurs with increasing 
temperature entails lower equilibrium values for Px, 
according to the mass-action law already discussed, so 
that hydrogen occluded molecularly in cavities may begin 
to dissolve; or, paraphrasing, at elevated temperatures 
molecular hydrogen dissociates in contact with iron to 
form soluble atomic hydrogen. At low temperatures 
this dissociation is so exceedingly negligible, as has been 
explained, that long periods of time are required for the 
effusion, and it is permissible for practical purposes to 
say that hydrogen occluded molecularly in steel will not 
redissolve until the steel is heated. The action of such 
occluded hydrogen has been well identified in work with 
vitreous enamels**~** because the occluding cavities act 
as reservoirs that hold hydrogen until the enamel is 
fired. The hydrogen then dissolves and reaches the 
surface of the steel during firing to cause blistering (see 


Fig. 23—Vitreous Enamel Coating on Compound Disk, Similar to One 
in Fig. 8, Showing ‘'Fishscales’’ Caused by Hydrogen That Was Liber- 

ated During Firing from Occlusion at the Disks’ Interface and Which 
Diffused to the Surface of the Metal After the Enamel Had Hardened 
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Fig. 22) or after cooling to cause chipping or ‘“‘fishscaling”’ 
(see Fig. 23), or both (see Fig. 24). That is why it is so 
difficult to obtain a good enamel coating on weld metal.** 

When hydrogen is retained by reacting chemically 
with impurities in the steel to form compounds, hydrogen 
will be released at temperatures that depend entirely 
upon the nature of these compounds. Hydrocarbon 
structures are generally quite completely decomposed at 
temperatures of 600 to 700° C. (1100 to 1300° F.), 
whereas water vapor and hydrogen sulfide first decompose 
significantly in contact with iron at somewhat higher 
temperatures. Identifying effusion with temperature is 
further complicated by the fact that decomposition of the 
compounds may result in forming molecular hydrogen 
as well as soluble atomic hydrogen. 

To simplify the conditions necessary for the removal of 
hydrogen, mild steel was used in the present research, for 
in such steel the hydrogen is uncompounded and is re 
tained principally in visible cavities (blow-holes) and in 
submicroscopic cracks (observable as embrittled metal). 


A Note on ‘‘ Peening”’ 


‘“‘Peening,’’ used for relieving stresses in welded struc 
tures,’ is interesting in regard to hydrogen in welds be 
cause cold working opens the submicroscopic structure of 
metals, and through the resulting regions of slip and 
rifting molecular hydrogen is able to escape,*® thereby 
avoiding the dissociation otherwise necessary for hydro 
gen removal. Cold working acts in general as a catalyst 
for chemical reactions taking place within metals, and 
one of the most unbalanced of all equilibria in weld metal 
must be that involving hydrogen. For hydrogen re- 


moval, the optimum peening temperature should be 
(200 to 750° F. 


roughly from 100 to 400° C. 


Fig. 24—Vitreous Enamel Coating on Steel Bar Which Both Blistered 
During Firing and Later Fishscaled, Due to Liberation of Hydrogen 


Experimental Observations 
Introduction 


It is important to point out that the following results 
are necessarily rough and are at best quantitative only 
for the particular welding conditions of the present ex 
periments, principally as regards the thickness of the 
plate, the condition and the amount of hydrogen in the 
weld. The beneficiation shown to occur during heat 
treatment, however, will be qualitatively applicable to 
all welding; but for each thickness of seam, type of steel 
and set of welding conditions, the duration, and perhaps 
also the temperature, of a particular heat treatment for 
obtaining sufficient relief from hydrogen can only be 
found empirically. The following experimental work is 
presented principally to establish the optimum tempera 
ture, which will be quite universally applicable, for re 
moving hydrogen from plain carbon arc welds made with 
cellulose-coated rod, and to provide a sort of qualitativ: 
standard upon which the heat treatment of other welds 
may be based. 
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Because hydrogen, when present in steel in harmful 
quantities, almost always exhibits itself as ‘‘fisheyes’’ or 
as bright fractures across embrittled metal that is other- 
wise gray and fibrous when free of hydrogen, the simplest 
way to follow the action of this gas is to observe the sur- 
faces of fractures that pass through the weld. In the 
following experimental work, photographs are accordingly 
presented to show the effects of heat treatment on hydro- 
gen-caused defects by showing fractured surfaces of the 
weld metal. In addition, ductility and strength mea- 
surements are presented to give quantitative significance 
to the effects of heat treatment. 

To prove that the characteristic fractures of weld 
metal discussed in the present research are directly caused 
by hydrogen, and only by hydrogen, four tensile speci- 
mens were treated as shown in Fig. 25. One was broken 
in the as-welded condition (Fig. 25 (@)) and the other 
three were annealed for two hours at 400° C. (750° F.) 
and cooled in the furnace overnight. One of these three 
was broken (Fig. 25 (b)) to show that the annealing had 
completely eliminated bright fracture, and hence hydro- 
gen. The spongy, pock-marked appearance of the 
metal attests the former presence of ‘‘fisheyes.’’ The 
remaining two specimens were covered with Glyptal 
lacquer except over the weld and were recharged with 
hydrogen by making the specimen cathodic in an elec- 
trolytic cell. Figure 25 (c) shows one of the specimens 
after one hour of such reloading and Fig. 25 (d) after two 
hours. The fracture has been reproduced quite to its 
original appearance, and the close reproduction of phy- 
sical properties of the original weld is shown in Table 1. 


Table 1—Physical Properties of Weld Specimens in Fig. 25 
Showing Reproduction of As-Welded Conditions by Loading 
Annealed Welds with Hydrogen 


Ultimate Tensile 
Strength, Pounds Per Cent in 
per Square Inch 2 Inches 
(a) As-welded 74,700 12.0 
(b) Two hours at 400° C 

(750° F.) and furnace 

cooled overnight 74,500 16.0 
(c) Same as (b) after reload- 

ing with hydrogen for 

1 hour 77,100 l 
(d) Same, loaded for 2 hours 73,200 L: 


Elongation, 


Specimen 


Materials and Procedure 


Three-sixteenths-inch cellulose-coated welding elec- 
trodes, an arc-welding apparatus using 27 volts and ap- 
proximately 150 amperes, and '/,-inch plain carbon, hot- 
rolled rimmed steel plates were used throughout the 
work. Welding was done by two different operators, 
one a qualified welder, but no difference could be de- 
tected between their work. All welds in any one set of 
specimens were made by only one welder. 


Typical original fracture 


The hydrogen has been removed 


Specimen annealed two hours at 400° C 
750° F.) and furnace-cooled over night. 


1/4 PLATES CLAMPED 1/8" APART 


PLATES 


AFTER WELDING 


Fig. 26—Sketch Showing Selection of Tensile Specimens from Welded 
Plate. (Above) Test Plate. (Below) Tensile Specimen 


Scarfed steel plates, 6 x 12 inches, were clamped ' , inch 
apart and welded with two beads to make a plate 12 x 
12inches. The first bead was chipped and peened before 
applying the second. The beads were ground flush with 
the plate and the plates were machined into tensile speci 
mens numbered as shown in Fig. 26. The section at the 
weld in the tensile specimens was reduced along arr inch 
length, but in some specimens it Was necessary to shorten 
this reduced section to '/. inch to insure that the frac 
ture would occur in the weld metal. 

Immediately after welding, some plates were placed 
on dry ice and some were left to age at room tempera 
ture, according to the requirements of the test. In 
many tests it was desirable to retain hydrogen in the as 
welded condition until special tests could be made, so 
these specimens were kept on dry ice as much as possible, 
and machining was accomplished in as short time, and 
with as little heating, as possible. It will be recalled 
that the rate of diffusion of hydrogen increases rapidly 
with increasing temperature. Tests showed that the as 
welded condition of the plates did not change percep 
tibly in a month at the temperature of dry ice. 

The ultimate strength and ductility values were ob 
tained using a hydraulic tensile-testing machine and a 
fairly constant loading rate of about 1000 psi per second 
Elongation was measured in two inches. For heat treat 
ing, ordinary electric ovens and furnaces were used. 
Unless otherwise noted, specimens were quenched in 
water directly from the annealing oven to avoid error re 
sulting from hydrogen effusing during slow cooling. 


Treated as (b) but subsequently cathodically Same, but cathodically electrolyzed for 
electrolyzed® or one hour for two hours 


Fig. 25—Reproduction of the As-Welded Fracture of Weld Metal Merely by Electrolytically Re-Charging an Annealed Weld with Hydrogen 
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Fig. 27—Typical Tensile Specimens of Welds Aged Two Weeks at Room 
Temperature, Showing Fractures Through Weld Metal That Has Been 
Deposited with Various Amounts of Moisture Present in the Electrode. 
(Left) Electrodes Dried Several Hours at 108° C. (225° F.). (Center) 
Ordinary Rod. (Right) Weld Made Under Blanket of Wet Steam 


Additional experimental notes will accompany the dis- 
cussions. 


The Effect of Moisture in the Electrode Coating 


According to the argument that has been presented, 
moisture is one of the most injurious factors in steel 
making, and hence also in welding. The following ex- 
periments show that this is true for welding. 

Moisture may be carried into the weld principally by 
the raw materials and by the air, just as in steel making. 
To determine the effect of moisture in the electrode coat- 
ing, three sets of duplicate plates were welded using 
electrodes that were in the following conditions with re- 
gard to moisture: 


1) Dried for several hours at 108° C. (225° F.) and 
used immediately after drying. 
(2) Ordinary storage in air at room temperature. 


(3) Applied to the weld under a blanket of wet steam. 

One plate from each set was placed on dry ice im- 
mediately after welding and kept as cold as possible, 
until testing. The remaining duplicate plates were 
allowed to age at room temperature for two weeks. 
Typical fractures obtained from the latter group are 
shown in Fig. 27. The aging period has permitted 
enough hydrogen to escape so that the general embrittle 
ment has mostly disappeared and the variations in hetero- 
geneity of the three types are more clearly distinguished. 
That is, the dried-rod specimens show only a collapsed 
brittle zone that lies along the junction of the two beads. 
Further aging would leave good fibrous metal in this 
weld except at the inter-bead seam, and that defect is 
largely a matter of the welder’s skill—or lack of it. 
By contrast, the two other specimens show a myriad of 
small ‘‘fisheyes’’ scattered quite generally in the metal 
of both beads, and therefore indicate that throughout the 
welding there was reaction with water vapor to cause 
inclusions or blow-holes, or both, in which discontinui- 
ties hydrogen‘has deposited. Further aging of these two 
specimens would leave the spongy, pockmarked metal 
seen in Fig. 25 (6). The small difference between the 
ordinary-rod and the steamed-weld specimens seems to 
show that moisture in the coating strongly controls the 
properties of the weld and that its effect is but little 
increased by excesses of moisture added to the atmos- 
phere during welding. Such an assumption is not un- 
reasonable when one considers that the decomposition of 
the cellulose coating quite effectively blankets the weld 
puddle and protects it from atmospheric gases. 

In Table 2 are listed physical properties of five speci 
mens from each of the three plates that had been kept 
on dry ice until shortly before testing 24 hours after 
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welding. (The specimens were warmed to room tem 
perature before testing.) It is seen that the welds made 
with dried electrodes have by far the highest strength 
and greatest ductility, as would be expected from ob 
serving the fractures just discussed. Between the other 
two sets there is remarkably little to choose, although 
the steamed welds seem slightly inferior to the ordinary 
welds. 

The slight difference between the properties of welds 
made with ordinary rods and those made under wet 
steam, and the appreciable difference between both of 
these and those made with previously dried rods, is 


Table 2—Physical Properties of Weld Metal That Has Been 

Deposited with Various Amounts of Moisture Present in the 

Electrode. (Specimens Kept on Dry Ice Until Testing 24 
Hours After Welding) 


Ultimate Tensile 

Strength, Pounds Per Cent in 

Specimen No per Square Inch lwo Inches 
D-\* 79,200 14.0 
D-2 75.000 165 
D3 Q 
D-4 13.5 
D-5 13,400) 12.0 
Averagt 13.0 


Flongation, 


1° 
H6.000 a 


66,000 


a0 
Average 67.000 
HS S00 | 
67 000 


HOH 


» 604.000) 


66700 


Average 


* D designates dried-rod specimens, IV wet-steam specimens and 
plain numbers the ordinary-rod specimens 


rhe effect of the 
linear to show how 
welds compare. 


shown diagrammatically in Fig. 2S 
moisture has been arbitrarily mack 

closely the ordinary-rod and steamed 
Effect of Atmospheric Humidity 


Although it appears from these results that the mois 
ture content of the electrode coating is more effective 
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Fig. 28—Plot of Values in Table 2 Showing the Effect of Moisture in the 

Electrode Coating on the Ductility and Strength of the Weld Note 

the Deleterious Effect of Ordinary Moisture Content of Electrode and 

Slight Additional Disadvantage in Welding Under Blanket of Steam 
Relative Humidity Was 36 
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than the moisture content of the atmosphere in injuring 
weld metal, it must be recognized that the atmospheric 
humidity largely controls the moisture content of the 
electrode coating. In addition, the little difference be- 
tween ordinary and steamed welds may also be taken as 
an indication that ordinary humidities are in themselves 
so injurious that little more harm can be effected by ex- 
cesses. The following tests show that the humidity of 
the air is extremely important, and that it is not enough 
just to dry the electrodes before using if one wishes to 
reduce welding defects to a minimum. 

The tests just described were made in mild, clear 
weather. A_ sling psychrometer showed a _ relative 
humidity of 36, which is a medium value for tests made 
during this research. Another set of six plates was 
similarly welded on an exceedingly damp, rainy day. 
The relative humidity was not recorded, but the condi- 
tions represent an extreme for high humidity in the 
present research. Fractures of the specimens that had 
aged two weeks at room temperature before testing are 
shown in Fig. 29, and it is evident that all, even the 
dried-rod specimens, have been severely affected by the 
dampness. Physical tests showed such great irregularity 
that it is difficult to make suitable comparisons. 

In Table 3 are listed the mechanical properties of these 
aged specimens, and about the only conclusion that may 
be safely drawn is that all specimens show greater 
strength than any other corresponding specimens made 
in drier weather, and that those made under steam are 
the strongest of all specimens tested in this research. 
‘The ductility values, as noted in the table, cannot be 
used because the superior strength of these welds caused 
most of the elongation to occur in the base metal. 

The superior strength of the steamed specimens is 
remarkable for more than one reason. Welds made in 
mild weather (Table 2) showed that increasing moisture 
(Fig. 28) in the electrode coating caused a marked de- 
crease in both strength and ductility of the weld metal, 
whereas in Table 3 it is seen that the steamed welds are 
without question stronger than either the dried-rod or the 
ordinary-rod welds. 
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Fig. 30—Sketch Showing the Effect of Atmospheric Humidity on the 
Ductility and Strength of Weld Metal 


The values listed in Table 3, however, are not directly 
comparable with values in other tables because the speci- 
mens have been aged, it will be remembered, for two 
weeks at room temperature before testing. In Table 4 
are listed the unaged, or dry-ice, specimens of the rainy 
weather group, and these are comparable with the other 
tests. The values are again undependable, though it 
may be seen that here also the strengths are definitely 
greater than corresponding strengths in other groups 
(The ordinary-rod welds did not break in the weld metal 
and were not recorded.) Most surprising to note is 
that these as-welded tests show that specimens made 
with dry rod are much stronger than those made under 
steam, whereas with two weeks’ aging exactly the re 
verse is true. 

Table 5 affords some additional information on the 
effect of atmospheric humidity. The group represents 


Fig. 29—Fractures of Tensile Specimens Showing Hyd 
Two Weeks at Room Temperature. (Top) Welded with Rod Dried 
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m-Caused Defects in Weld Metal That Was Deposited in Rainy Weather. (~~ Aged 
Several Hours at 108° C. (225° F.). (Center) Welded with Ordinary Rod. (Bottom) 
Welded with Rod Under Blanket of Wet Steam 
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Fig. 31—Fractures of Ordinary Rod Weld Specimens Showing the Effect of Weather Upon Hydrogen-Caused Defects. 
Ww (Lower) Specimens Welded in Exceedingly Dry Weather 


elded in Rainy Weather. 


(Upper) Previous Specimens 


Table 3—Physical Properties of Welds Made in Rainy Table 4—Physical Properties of Welds Made in Rainy 


Weather. (Specimens Aged Two Weeks at Room Termpera- 


ture Before Testing.) 
Ultimate Tensile 
Strength, Pounds 
per Square Inch 


Elongation, 
Per Cent in 


Specimen No. Two Inches 


D-1* 81,400 14.0 
D-2 80,750 16.0 
D-3 (60,880) (9.0) 
D-4 72,800 11.5 
D-5 73,300 16.0 

Average 74,000? 13.5? 
72,500 11.0 
2 77,200 9.5 
3 75,300 10.5 
4 74,500 13.0 
5 75,400 11.5 

Average 75,000 11.1? 
W-1* 86,000 11.0 
W-2 84,800 11.0 
W-3 87,700 12.5 
W-4 86,800 13.0 
W-5 78,200 13.5 

Average 84,700 12.3? 


* D designates dried-rod specimens, W wet-steam specimens and 
plain numbers the ordinary-rod specimens 


' Ductility values questionable because most of the elongation 
occurred in the base metal. 


the check specimens taken from various positions on the 
plates used for annealing tests soon to be discussed. 
The plates were welded only with untreated rod on a 
cold, clear day, the conditions representing an extreme 
for low humidity in the present research. The tem- 
perature outside was +5° F. and the relative humidity 
was only 5, as registered by a Cenco hydrometer. The 
values in the table vary widely, but it is evident that the 
ductility of this group is a maximum for ordinary- 
rod tests. 

Table 6 presents more concisely the summaries just 
made. Although there are but few dependable data in 
this table, a comparison of dry and moderate-weather 
tests, using ordinary rod, shows that the lower humidity 
quite definitely favors both increased strength and 
ductility. The rainy-weather specimens have behaved 
anomalously, but the evidence is that the elongation is 
very low. Assuming a value between 7 and 8 and a rela- 
tive humidity of about 50 for these rainy-weather speci- 
mens, it develops that the effect of humidity is quite 
linear in decreasing the ductility of weld metal, as shown 
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Weather. (Specimens Kept on Dry Ice Until Tested) 


Ultimate Tensile 
Strength, Pounds 
per Square Inch 


Elongation, * 
Per Cent in 


Specimen No [wo Inches 


D-1* 78,700 10.0 
D-2 (Not measured 12.0 
D-3 76,200 14.5 
D-4 83,300 15.0 
D-5 (Not measured 14.5 

Average 79,400? 14.0 
W-1* 67,000 6.5 
W-2 8.0 
W-3 70,700 8.5 
W-4 69,200 8.5 
W-5 70,800 (16.5 

Average 69,600 (8.0) 


* D designates dried-rod specimens and |" wet steam specimen 
No specimens welded with ordinary rod broke through the weld and 
hence are not recorded 

t Ductility values questionable because most of the clongation 
occurred in the base metal. 


by sketch in Fig. 30. The anomalous behavior of the 
ultimate tensile strength is also indicated. 

In Fig. 31 the marked effect of humidity is more 
clearly shown by fractures made through the various 
welds in the dry- and in the rainy-weather groups 
Humidity is plainly an indirect effect that increases th 
moisture content of the electrode coatings 


Fig. 32—Typical Fractures of Tensile Specimens Showing the Effect of 
Two Weeks’ Aging at Room Temperature on the Appearance of the 
Weld Fracture. (Left) As-Welded. (Right) Aged Two Weeks 
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Table 5—Physical Properties of Check Specimens from 
Dry Weather Group of Plates Used in Annealing Tests. 
(Unaged) 


Ultimate Tensile Elongation, 
Specimen Strength, Pounds Per Cent in 
No. per Square Inch Two Inches 
l 71,200 13.0 
7 69,200 8.5 
11 68,500 9.5 
14 77,700 9.5 
73,300 12.8 
23 73,800 15.0 
28 74,700 14.0 
31 74,700 12.0 
Average 72,900 11.8 


Apparently the ideal conditions for welding require the 
absence of all moisture, especially when present in the 
welding materials. 


The Effect of Aging at Room Temperature 


Although hydrogen diffuses quite rapidly at slightly 
elevated temperatures, diffusion is very slow at room 
temperatures, and still slower at lower temperatures. 
Tests made on specimens stored at the temperature of 
dry ice showed no noticeable change in mechanical 
properties or appearance of the fracture over a period of 
amonth. At room temperature there is a definite aging 
effect, but a week or two is necessary for producing 
significant results. In Fig. 32 two fractures are shown 
that typify the effect of room temperature aging. Em- 
brittled metal is the defect that is most quickly relieved 
by aging, for reasons already discussed. ‘‘Fisheyes”’ 
contain large quantities of molecular hydrogen and 
therefore disappear more slowly. In general, the duc- 
tility of the weld is roughly inversely proportional to the 
embrittled area appearing on the fracture. 


Table 6—Summary of Previous Data Showing Some Effects 
of Atmospheric Humidity on Weld Properties 


Weather . 


Dry Moderate Rainy 
* + * + * t 
Dried rod 73,700 13.0 79,000 14.0? 
74,000 13.5? 
(aged (aged 
Ordinary rod 72,900 11.8 67,000 4.1 (Fracture occurred 
in base metal 
75,000 
(aged (aged) 
Under steam 66,700 8.6 69,600 8.0? 
84,700 2.3? 


(aged (aged) 


* Ultimate tensile strength in pounds per square inch 
t Elongation in per cent in two inches 
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Fig. 33—Graphs Showing the Effect of Time and Temperature of Anneal 
on Physical Properties of Weld Metal. Data Taken from Table 7 
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In the two specimens shown in Fig. 32 the strength has 
decreased and the elongation has increased during th 
aging period. The frequent anomalous changes jy, 
strength that have appeared in this work are interesting 
and while they may be explained in several ways, there 
is an effect of hydrogen when present in certain quanti 
ties and conditions that is noteworthy because jt jp 
creases the strength of the metal much as do some de 
grees of cold working. The effect is quite readily under 
stood when it is remembered that hydrogen opens rifts 
and slip planes quite analogously to cold working.‘ 

Figure 32 is of further interest in regard to hydrogen 
in steel because it portrays the relation of ‘hydrogen 
embrittlement” to “‘fisheyes,’’ or ‘‘flakes,’’ and shows 
that the three terms are fundamentally synonymous 
Hydrogen diffusing from steel will in general leave its 
centers of greatest concentration last; and such centers, 
of course, are the cavities that collect the hydrogen as 
molecules. Furthermore, the volume of a cavity in 
creases as the cube of the radius, while its surface in 
creases only as the square, so that for a given rate of 
surface reabsorption, larger cavities will come to equilib 
rium much more slowly than smaller cavities. Thes« 
larger cavities are the seats of “‘fisheyes,”’ etc., as has 
already been explained. 

The effusion of hydrogen from weld metal that occurs 
over a period of time at room temperature, though slow, 
is significant because welded structures can thereby 
attain some ductility and strength without heat treat 
ment. 


Annealing at Elevated Temperatures 


The check specimens listed in the previous Table 5 
belong to the following group of tests which were mack 
to determine approximately the time and temperature 
requirements for obtaining maximum relief from hydro 
gen in weld metal. The experimental error in the 
following tests is very great, and only qualitative deriva 
tions can be made from their results. In another paper*’ 
the reaction of hydrogen in steel to temperature is mor 
carefully studied, using homogeneous sections of plain 
carbon steel. The present tests are obviously com- 
plicated by the heterogeneous nature of weld metal. 

The specimens in the following tests belong to the dry 
weather group and therefore hydrogen maladies are not 
severe. They are a representative group of specimens, 
for they have been made with undried rod and therefore 
contain some of each type of defect; that is, general 
hydrogen embrittlement and the small ‘‘fisheyes 
associated with moisture reactions. Welds containing 
greater quantities of hydrogen will respond to tem 
perature much as those in the present work, but longer 
annealing periods will be required to effect sufficient rid 
dance of the hydrogen (see 108°—45-hour test in Fig 
35). 

In Table 7 are listed the data obtained for various 
annealing periods at 108°, 200°, 300°, 400°, 500°, 600°, 
700° and 800° C. (225°, 390°, 570°, 750°, 930°, 1110°, 
1290° and 1470° F.). The specimens were placed directly 
in the furnace without previous aging and at the end 
of the specified periods were quenched in water and tested 
immediately. To distinguish the effect of hydrogen 
removal from the effect of microstructural changes 
occurring above 600° C. (1110° F.), check tests were 
made at 700° and 800° C. (1290° and 1470° F.) using 
weld specimens whose hydrogen had been removed by 
suitable heat treatment. The changes in properties of 
these hydrogen-free specimens effected by heat treat 
ment afford a very rough means for calculating the single 
effect of hydrogen removal at these temperatures, as 
shown in Table 8. The results of such manipulation are 
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Fig. 34—Plot Showing Time Necessary at Various Temperatures for 
Obtaining Maximum Physical Properties of Welds as Estimated from 
Preceding Figure 


exceedingly rough, but are interesting because at these 
temperatures hydrogen quite freely redissolves in the 
steel; and, referring ahead to the last two groups of 
fractures shown in Fig. 35, it is seen that the hydrogen 
has largely redissolved throughout the section, as evi- 
denced by the bright fractures, instead of being removed, 
as at lower temperatures. The similar results obtained 
when hydrogen was removed, however, as shown in Table 
8, make it safe to assume that the decreased ductility 
and increased strength obtained at these higher tempera- 
tures 700° C. (1290° F.) and above had nothing to do 
with hydrogen removal, but were due to quenching from 
critical temperatures. 

In Fig. 33 the data are plotted for anneals made below 
700° C. (1290° F.). The remaining data are not plotted 
because it is evident that at 700° C. (1290° F.) and above, 
as has just been shown, microstructural changes are 
occurring that obliterate the effects of the annealing on 
hydrogen removal, with which the present discussion is 
concerned. 

One of the most important conclusions that may be 
drawn from the present work is that in small weld sec- 
tions—that is, sections not affected by long-distance 
buckling and warping stresses, the most important factor 
injuring the physical properties of the present type of 
welds is hydrogen, as was demonstrated in the previous 
Table 1 and Fig. 25. The present data should there- 
fore be examined to determine the heat treatment that 
will beneficiate the weld by removing hydrogen without 
incurring a change in the microstructure. The signifi- 
cance of such a treatment may be found in Table 7, for 
in the 700° and 800° C. (1290° and 1470° F.) tests the 
great increase in strength that occurs is accompanied by 
an objectionable loss in ductility. 

In the 600° C. (1110° F.) tests, both good strength and 
good ductility are obtained, but a microstructural change 
undoubtedly occurs. 

In the 400° and 500° C. (750° and 930° F.) tests there 
is an incipient drop in strength that may be a sub- 
microscopic change rather than an observable change in 
the microstructure. That is, at these temperatures the 
internal rifting caused by hydrogen may be healed in the 
same manner that these temperatures relieve the stresses 
initiated by cold working. 

Below 400° C. (750° F.) there is no good reason to 
Suspect that any change occurs other than the removal of 
hydrogen, and it is interesting to note that annealing at 
300° C. (570° F.) provides maximum strength in about 
fifteen minutes, a minimum time for all temperatures, 
although the ductility maximum is not obtained in less 
than three hours. Below 300° C. (570° F.) improve- 
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ment in both properties becomes progressively slower, 
but good properties can be obtained in a practicable period 
of time by annealing at temperatures as low as 100° C. 
(210° F.), whereby some of the disadvantages of the 
presently used high temperature anneals may be avoided 

In Fig. 34 the time required to obtain estimated maxi 
mum strength and ductility values is plotted against the 
temperature of the anneal, and it is seen that maximum 
strength is obtained at all plotted temperatures in less 
than one hour, except for the questionable results at 400 
and 500° C. (750° and 930° F Good elongation is 
more slowly obtained, but the beneficiation increases 
rapidly with temperature up through 600° C. (1110° F.), 
above which temperature microstructural changes during 
quenching adversely affect the ductility. Of course, it 
must be remembered that the present specimens were 
quenched. However, if temperatures much above 600° C 
(1110° F.) are used, hydrogen is not appreciably removed 
from the steel and the ductility would be poor even if 
not quenched, unless the rate of cooling is so slow that 
the hydrogen is removed during cooling. 

In Fig. 35 the fractures of the various specimens are 


shown and it is interesting to note that the appearance 


Table 7—Physical Properties of Weld Specimens Annealed 
at Various Temperatures for Various Periods of Time 


specimen 


No Treatment Squa I Iu 
108 22 
| As welded 2 
2 Annealed hr 5 fa 
: Annealed 1 hr ri 
Annealed 5 hr 
Annealed 50 hr 
200° C. (390° 
As welded HHO, 
(Steam Spec Annealed 15 min 5 
(Steam Spec Annealed 1 hr H7 
Annealed 3 hi 
Annealed 5 ht 42,1 
10 Annealed 17 hr 72,5) 
200° C AT ig 
1] As welded 
12 Annealed 15 min ri 
13 Annealed 3 hr 7 
100° C. (750% I 
14 As welded rw 
15 Annealed 15 min 73,4 2 
16 Annealed 1 hr 74,5 ; 
17 Annealed 3 hr ry 
C. (GR0° 
18 As welded 7 
22 Annealed 15 min 70,008 : 
14 Annealed 1 hr 71,51 
20 Annealed 2 hr 72,0 
600° C. (1110° F 
23 As welded 73,30 
24 Annealed 15 min 78,5¥ 
25 Annealed '/» hr 7 
26 Annealed 1 hr 77,00 
27 Annealed 2 hr. 75,60 
700° C, (1290° F 
28 As welded 74,70 
29 Annealed 15 min. 86,7 
30 Annealed hr 9050 
Annealed 2 hr OO) 
1470° 
31 As welded r 
33 Annealed 15 min 04,7 
34 Annealed hr 95,50) 
35 Annealed 2 hr LOL 
ss In the absence of better data, the pe nia 
from these two points for use in plotting the cury 
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Table 8—Physical Properties of Hydrogen-Free Welds 
Annealed at 700° and 800° C. (1290° and 1470° F.) 


Ultimate 


Tensile Elongation, 
Strength, Per Cent 
Specimen Pounds per in 
No Treatment Square Inch Two Inches 
700° C. (1290° F.) 
1-S As welded 68,000 11.0 
2-S Three hours at 400° C 
(750° F.) and furnace 
cooled 63,800 11.52?" 
3-S Duplicate of 2-S subse 
quently heated to 
700° C. (1290° F.) for 
'/, hour water 
quenched 79,700 14.0 
Change in Properties + 15,900 + 2.5?* 
30 (See previous table) 90,500 7.0 
30 Corrected 74,600 
28 (As welded. See previous 
table) 74,700 14.0 
800° C. (1470° F.) 
6-S As welded 68,300 11.0 
7-S Same as in 2-S 67,200 11.5 
&-S Duplicate of 7-S subse- 
quently heated to 
800° C. (1470° F.) for 
hour and water 
quenched 99,100 4.5 
Change in Properties +31,900 — 7.0 
34 (See previous table) 95,500 5.0 
34 Corrected 63,600 12.0 
31 (As welded. See previous 
table) 74,700 12.0 


* Questionable in view of previous table. 


of the fracture, particularly in regard to the shiny hydro- 
gen defects, connotes very well the physical properties 
of the weld and corroborates the discussion that has just 
been presented. It is interesting that one specimen in 
the 108° C. (225° F.) group, apparently containing more 
hydrogen originally that the others, still shows embrittle- 
ment after 45 hours. The regular 50-hour test shows a 
good fibrous break. Also, the second specimen in the 
700° C. (1290° F.) group and the specimens in general 
in the 700° and 800° C. (1290° and 1470° F.) groups 
show that the molecular hydrogen occluded throughout 
these welds has redissolved during the anneal and, in the 
one case particularly, has affected the entire fracture. 

Annealing at 600° C. (1110° F.) seems to be the opti- 
mum treatment for obtaining maximum physical prop- 
erties in a minimum period of time without appreciably 
changing the microstructure of the steel. A_ short 
period, about 15 minutes, is preferred, for with longer 
periods the strength of the weld decreases. If welds are 
annealed at temperatures much above 600° C. (1110° 
F.), the specimens should be very slowly cooled to remove 
the hydrogen that will remain dissolved in the steel 
during the anneal. 

It is frequently undesirable or impossible to heat a 
welded structure to 600° C. (1110° F.), whereupon the 
beneficiation demonstrated during low temperature 
annealing becomes especially important. In general, the 
lower the temperature the longer is the time necessary to 
effect removal of the gas, but critical quantities can be re- 
moved at low temperatures. Probably the most important 
factor in low-temperature aging is the nature of the occlu- 
sion of the hydrogen. Jf the weld 1s clean, so that the gas is 
held principally in tiny rifts, identified as embrittlement, 
removal may be fairly rapid even at room temperature. 
When blow-holes and inclusions are present, the gas re- 
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sponds slowly to aging, for these occluding centers store 
great quantities of hydrogen under high pressure and th; 
ratio of surface to volume is small. 


CONCLUSION 


The important features of the preceding work can be 
summarized as follows: 


1. The effects of hydrogen on weld metal have re 
mained largely unrecognized by welders and are particu 
larly important in modern welding because reducing 
atmospheres are so widely used. 

2. The most injurious effect of the hydrogen is due 
to the ability of the atomically dissolved gas to form 
tremendous aerostatic pressures within steel by pre 
cipitating as insoluble molecules of hydrogen, or as a 
compound of hydrogen with some impurity, at all dis- 
continuities within the steel, whether they be blow- 
holes, inclusions, grain boundaries or rifts in the sub- 
microscopic structure. During welding, the greatly 
decreased solubility of the cooler metal immediately 
surrounding the freshly deposited layer causes precipita- 
tion of the dissolved gas with consequent formation of 
gas cavities in the cooler, and sometimes probably still 
liquid, metal with resultant ‘‘fisheyes’’ and embrittle- 
ment. Such a mechanism accounts for the arc-, or 
layer-, like arrangement of these defects, and the silvery 
interior of the blow-holes attests the presence of hydro- 
gen. 

3. ‘‘Fisheyes,’’ unexplained in welding literature, are 
thus caused by hydrogen accumulating in this manner 
and are equivalent to ‘‘white spots’’ in castings and 
“flakes” in forgings. The shiny appearance of these 
defects is due to common hydrogen embrittlement. 

4. Because hydrogen in Steel manifests itself in the 
fracture as shiny surfaces, and because the hydrogen 
content of welds in the present study has been shown to 
control, almost without aid of other factors, the physical 
properties of the weld, the physical condition of weld 
metal may be quite closely judged by observing the 
fractures. In general, the ductility varies inversely 
with the amount of brittle area exposed by the fracture, 
as may also the strength. Specimens welded in the 
presence of moisture show a spotty fracture, undoubtedly 
due to included oxide, whereas in the absence of moisture 
the fracture shows extensive embrittled areas that give 
way to fibrous structure when the hydrogen is removed. 

5. General embrittlement, with its attending low 
ductility, in welds made under reducing atmospheres 
is principally due to hydrogen, the precipitation and 
occlusion having taken place in the submicroscopic 
structure of the steel to cause ordinary hydrogen 
embrittlement. 

6. Hydrogen embrittlement is important in regard 
to cracking and fissuring of welds because mechanical 
stresses will not be relieved in brittle metal and cracking 
will be favored. 

7. The principal source of the hydrogen contained in 
welds is in the reducing atmosphere and in moisture 
present during welding. The weld puddle readily ab 
sorbs hydrogen from the atmosphere in quantities thou 
sands of times greater than the solubility of the steel for 
hydrogen at ordinary temperatures. Precipitation of th: 
gas while the metal cools is therefore inevitable. 

S. Moisture is especially harmful because the meta! 
reacts with the moisture to form a solid oxide that then 
becomes available for inclusion in the weld metal; and 
at the same time the reaction liberates thousands oi 
relative volumes (per volume of oxide) of nascent hydro 
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gen which becomes available for absorption by the steel 
and for subsequent precipitation in the additional dis- 
continuities afforded by the inclusions. 

%. The two most important sources of moisture in 
welding are the electrode coating and the atmosphere, 
the latter obviously indirectly affecting the former. 
Optimum welding conditions therefore require using pre- 
viously dried welding materials and a dehumidified 
atmosphere. 

10. The presence of strong deoxidizers, such as 
aluminum, and perhaps also silicon and manganese, may 
be especially injurious because oxygen that might other- 
wise be carried away by the gas stream as water vapor 
may be reduced instead to enhance the harmful actions 
just noted. Furthermore, the absence of FeO in killed 
steel favors an increased hydrogen solubility. 

11. The presence of non-metallic impurities, such as 
sulphur, phosphorus and carbon, provides additional 
chemical retention for absorbed hydrogen because the 
elements are reactive, often strongly at lower tempera- 
tures. For example, hydrogen may react with carbon to 
form methane within the steel, and this gas is so indiffus- 
ible at ordinary temperatures that steel-rupturing pres- 
sures could easily result. Often these impurities are in 
grain boundaries, which accounts for many observations 
of intercrystalline fissuring. The effect of carbon on 
cracking in welds may be largely due to the formation of 
such indiffusible hydrocarbon, rather than just to stresses 
developed by self-quenching, as popularly supposed. 

12. Alloying elements may promote hydrogen-caused 
defects because segregations, if favored by their presence, 
may restrict hydrogen diffusion and thereby lead to oc- 
clusion under pressure. Also, as in the case of nickel, 
the solubility of the steel for hydrogen may be increased 
by adding an alloying element. 

13. Published hydrogen analyses have been consist 
ently deceiving because the analyses have been expressed 
in terms of weight per cent; whereas, in respect to iron, 
for example, the values should be multiplied by a factor 
of 28 to be useful. Furthermore, analyses for hydrogen 
are always minimum values because portions of the gas 
escape from the metal before analyzing; and also be- 
cause vacuum technique, which operates at high tem- 
peratures, is only effective as the square root of its pres- 
sure against a solubility that has tremendously increased 
during the heating. In spite of losses in analysis, 0.005 
weight per cent hydrogen is frequently found in welds, 
and this is a value that is more than five times the 
quantity found in steel that shows severe hydrogen de- 
fects. 

14. Removing hydrogen from weld metal depends 
principally upon three factors: (1) temperature, (2) 
time and (3) the nature of the occlusion. The diffusion 
rate increases logarithmically with increasing tempera- 
ture, but there is an optimum temperature for removing 
the gas because at elevated temperatures the solubility 
increases so markedly that increasing quantities of the 
gas dissolve and are therefore not pressed to leave the 
steel. The time required for removal of hydrogen 
increases with decreasing temperature and may be 
limited for economic or commercial reasons. The nature 
of the occlusion is important because larger cavities con- 
tain volumes of the gas that increase cubically, whereas 
the surface through which the atoms must escape only 
increases quadratically, with the diameter. 

15. The optimum temperature for hydrogen removal, 
as shown by the present research, is about 600° C. 
(1110° F.). At 700° C. (1290° F.), and above, re-solu- 
tion occurs and frustrates removal of the gas. Because 
a microstructural change may affect the properties of 
the weld at 600° C. (1110° F.), an annealing period of 
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15 minutes is recommended for specimens '/,-inch jy 
thickness. 

16. Because it is often undesirable, or impossible, to 
anneal welded structures at temperatures as high as 6(() 
C. (1110° F.), the possibility of annealing for longer 
periods of time at lower temperatures becomes important 
to consider. At 400° and 500° C. (750° and 930° F. 
results in the present work were anomalous. At thes: 
temperatures, however, much hydrogen is without ques 
tion rapidly removed. 

17. Below 400° C. (750° F.) hydrogen may be satis 
factorily removed within a matter of hours at tempera 
tures down to those of hot water, more time being re 
quired as the temperature decreases. Even at room 
temperature, sufficient quantities of gas will effuse dur 
ing the course of some weeks to confer good strength and 
ductility upon the weld. The time required for aging at 
low temperatures is strongly influenced by the nature of 
the gas occlusion, for reasons already stated, but aging 
without significant heating will be generally satisfactory 
for clean welds, in which hydrogen is held principally in 
submicroscopic rifts, identified as embrittlement. It is 
understood, of course, that hydrogen present as com 
pounds with impurities will, in general, necessitate heat 
ing to accomplish their dissociation and subsequent re 
moval. 

IS. Peening the weld has an interesting effect in that 
molecular hydrogen is enabled to escape through the 
surface rifts, or slip planes, that result. 
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CAST IRON ELECTRODES FOR 


By GILBERT S. SCHALLER’ 


HE advent of fusion welding offered to industry 

an entirely new method of joining metals. In 

common with parallel developments, fusion weld 
ing was first applied to problems that were the most 
urgent and the ones that appeared to fit the new method 
best. The circumstances of such procedure were both 
natural and expedient. In fact, the events of this con- 
vention indicate that the evaluation of fusion welding 
and its contemporary, pressure welding, are being car- 
ried forward toward new solutions with a definiteness of 
purpose that suggests opportunities for industrial de- 
velopments and provides stimulation for the most avid 
visionary. 

Welding through the ages has come to mean the join- 
ing of pieces into an entity through the use of what is 
referred to as fire welding. This method is utterly dif- 
ferent in all its essentials from the fusion process. How- 
ever, the two have the same objective of one whole or one 
part, at the completion of the welding operation. The 
conception of a weld was associated with broken parts 
that had formerly represented a mechanical member 
or the like. Since the available materials of engineering 
were quite limited, those which lent themselves readily to 
the prevailing methods of manufacturing were those 
most generally used. 

* To be presented at the Annual Meeting, A. W. S., Cleveland, Ohio, Oct 
21 to 25, 1940. Contribution to Fundamental Research Division of Welding 
Research Committee 

t Professor of Mechanical Engineering, University of Washington, Seattle 


Welding Gray Cast [ron 


It was because of this state of affairs that cast iron 
rose to a dominating position in the manufacture of ma 


chinery parts as well as one of importance in constructi 
and in the more domestic aspects of our civilization. The 
first broad use of cast iron was in the making of stove 
plate and similar equipment. The demands placed upor 
cast iron were both many and varied. The material 
responded in a manner that reflects great credit upon it 
self and upon those who pioneered its use. The achieve 
ments of these early artisans were such that they must 
elicit our profound admiration and wonderment at their 


ingenious skill and ability. However, cast iron in earl 
industrial development, as now, had its limitations —the 
material was used where it could not perform as expec 
ted. This statement of fact should not, and I may say, 
cannot, condemn cast iron as an outmoded e1 
material. There is nothi 
failures and breakages that have occurred to other ma 
terial and production processes where they have been in 
adequately evaluated or incorrectly used. In the latter 
circumstance, proper steps have been taken to correct 
any deficiencies for solutions of lasting and satisfying 
values. Cast iron is also the beneficiary of scientific 
study so that it, too, can continue to be a more useful 
and versatile material for present and indicated future 
applications 

The one characteristic that must receive emphasis here, 
however, is that cast iron will never in any major way 
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compete with steel or other metals and alloys so far as 
processes of fabrication are concerned. Cast iron derives 
its name from the fact that it always occurs in cast 
form—that is to say, as a casting. There may be rare 
instances where cast iron is a part of a composite whole 
that has been fabricated by welding. It is also true that 
some future development may see cast-iron parts welded 
to a greater extent than current practice dictates; yet 
the idea of welding individual pieces of cast iron to form 
an entity does not now appear as a feasible procedure 
from the standpoint of costs. This point about welding 
cast iron must be thoroughly understood in any study 
of techniques or methods devoted to its use. Stated in 
another way, cast iron can be produced more economi- 
cally in the form of the completed, one-piece casting 
than it can through any process of building component 
parts into the finished whole. 

From the foregoing, it is recognizable that the large 
field and the one for major consideration in the welding 
of cast iron is in the direction of repair and, to a lesser 
degree, maintenance of existing machinery and equip- 
ment. Here, then, is presented a problem to the welder 
that differs entirely from that encountered in fabrica- 
tion and erection, the fields in which metallic arc weld- 
ing has gained its widest application and has deservedly 
won its greatest acceptance. The problem is that of 
reclamation and repair on the one hand, as opposed to 
the building and erection of new work on the other. 
This situation cannot be too strongly emphasized because 
the problems—different as they are—call for dissimilar 
solutions. 


A broken cast-iron part at best represents frustration 
in a degree commensurate with existing circumstances. 
It means that the piece as originally used was inade- 
quate for the purpose intended. The cause of the failure 
may come from a number of sources. The comparative 
ease with which cast-iron parts can be made has often 
been the determining factor in its use. Such choice of 
the easiest method has frequently resulted in breakages 
and shutdowns that were costly and inconvenient. In 
such instances cast iron has been condemned without a 
full review of the facts of the situation. It is often true 
that more considerate judgment would have avoided the 
use of cast iron in applications to which it was not spe- 
cifically adapted. All of this is mentioned because cast 
iron, as a material, does perform an essential service. 

When the broken casting appears for welding, the job 
is. among other things, of an emergency nature; a situa- 
tion which complicates an already difficult problem. 
The cause of the break may be improper design of the 
casting, which indicates that the welder will be expected 
to return a finished job stronger than its original or suffer 
the humiliation of having the weld break in service to the 
detriment of his reputation although his efforts con- 
stituted a workmanlike endeavor and one based upon 
both skill and experience. It is an impossibility to make 
the part sufficiently strong by any welding process, if it 
was designed improperly originally. 

The introduction of fusion welding offered to the in- 
dustry a method for salvaging cast-iron breakage that 
had, with the exception of ‘burning on’’ whereby a new 
section is actually cast on to the broken part, been con- 
fined to patching and riveting as a means of repair. 
The use of torch welding in this field proceeded as rapidly 
as converts to this new method were obtained. It is not 
within the scope of this paper to portray the splendid 
record of the welding torch in the field of cast-iron repair 
where it remains a major adjunct to industry; it is, how- 
ever, my purpose to discuss the contributions made by 
metallic arc welding in the field of cast iron. The progress 
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of metallic arc welding of gray cast-iron has been 
somewhat erratic due, in some measure, to the reluctance 
of the industry to accept cast iron as such, or the fact 
that it can be welded as cast iron. 

The most important early successful attempt at weld- 
ing cast iron electrically came about as an emergency re- 
pair. To be sure, some of the eastern railroad systems 
did some successful welding on locomotive cylinders 
prior to 1917, and it was the experience gained there that 
led to the revolutionary idea of making major repairs on 
marine work. The achievement of the United States 
Navy in envisioning the possibilities of the use of the elec- 
tric arc in repairing the sabatage committed on the in- 
terned German ships at that time, was so brilliantly con- 
ceived and so perfectly executed, that it stands as one of 
the memorable accomplishments in the history of weld- 
ing. 

In a private communication Captain E. P. Jessup, 
U. 5S. N. (retired), recently wrote: “This work was 
divided between the various ship repair yards and the 
Navy Yard, and was carried on under handicaps of vari 
ous descriptions. With all this uncertainty, however, the 
first two large ships, the Frederich der Grosse, now the 
Huron, and the Princess Irene, were ready for sea on 
August 20th, in spite of the fact that the engines on these 
vessels were among the worst damaged of them all, the 
Irene having the whole side of the first intermediate valve 
chest broken out on each engine, the side of the high- 
pressure cylinder on each engine was destroyed, and other 
smaller breaks, which, under ordinary methods, would 
have necessitated the removal of four cylinders, which 
procedure had been recommended by the surveying en 
gineers. ... These two vessels were the first in which 
straight electric welding was used, that is, where patches 
were not bolted to the cylinder walls. ...'' These ac 
complishments were made with machines and electrodes 
far below the standards now available. 

As the idea of electric welding of cast iron has grown, 
many types of electrodes have been introduced. Among 
these are some that introduce weld metal that is not cast 
iron in any sense. Technically, the term cast iron is a 
broad generality embracing a wide collection of ferrous al 
loys which are characterized by relatively high carbon 
and silicon contents. For the purpose of welding, it 
seems well to confine this discussion to gray cast iron 
because machinery parts subjected to stress and, con 
sequently, breakage are, with the notable exception o! 
malleable cast iron, made of gray cast iron. 

Recent developments in the metallurgy of cast iron 
point the way to further improvement in physical prop 
erties through the addition of alloying elements. Thess 
researches have resulted in new applications for cast 
parts and may present further problems for the welder 
Essentially, gray cast iron is an alloy of iron, carbon and 
silicon in which a majority of the carbon is present in the 
graphitic form The amount, shape and distribution o! 
the graphitic carbon determines the physical properties 
of the casting or, in this case, the weld metal. Dis 
cussions of the welding of cast iron usually contain som: 
reference to machinability. Frequently the deposited 
metal must be machined following the welding operation 
Machinability has, accordingly, become somewhat of a 
“tell tale’ or an accepted method of judging the success 
of the final weld. In the absence of a universally ac 
cepted method of measuring machinability, passing 
judgment on the soundness of a weld from the stand 
point of machinability alone is open to broad interpreta 
tions and somewhat questionable. 

Machinability is interrelated with graphite and iron 
carbide or combined carbon. In the molten state all 
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carbon is present in the combined state as cementite 
Fe;C). Whether or not the carbon remains in solution 
1 precipitates as graphite depends to a large extent on 
the rate of cooling. If this is slow and an appreciable 
umount of silicon is present, cementite disintegrates into 
its component parts of iron and carbon, which latter is 
the graphitic form. This disintegration may occur either 
completely or partially, depending upon the conditions 
under which the reaction takes place as well as the com- 
position of the material. 

This behavior of cast iron is of paramount interest to 
the welder because the results he obtains from whatever 
welding process he uses are governed by the laws apper 
taining to the solidification and subsequent cooling of the 
weld metal coupled with the modifications of the parent 
metal that has been subjected to a temperature gradient 
during the welding operation. He must have a full ap- 
preciation of the effects that temperature exerts on the 
weld, yet, in addition, he must not overlook the possible 
chemical reactions that occur because of the welding 
process. Leading considerations are the oxidation of 
the elements of both the weld and parent metal as well 
as the pick-up of these or other elements from the weld 
rod, its coating or, in the case of the torch, the flame 
when of abnormal character. 

Gray cast iron as generally employed is a material of 
low ductility. A finished weld may crack because the 
material has no other possibility of caring for changed 
volume caused by the welding process. Such conditions 
are most frequently overcome by resorting to preheating 
and, in some cases, postheating. The possibility of the 
welder applying the heat during the welding operation 
in such a manner as to counter contraction difficulties 
is present. However, important as expansion and con- 
traction are, the further fact that cooling rate exerts its 
influence on the metallurgical characteristics of the 
weld and its adjacent parent metal indicates that thought 
must also be given to this phase of the welding problem. 

In this connection a distinct difference arises as 
between torch and metallic arc welding. In the former, 
the heat from the welding operation is widely dissemi- 
nated through the base metal, while in the arc process a 
much more localized heat zone is usual. These facts 
impose conditions that offer the user of either process 
a wide choice, final action being dictated by the 
economics of the situation. The author is far from un- 
mindful of the obligation imposed upon the operating 
staffs of industry where increasing competition dictates 
a doctrine of lowered costs coupled with equal or im- 
proved quality. 

Realization of this problem has been the guiding fac- 
tor in a series of studies conducted in the Mechanical 
Engineering Shops at the University of Washington over 
the past several years in the field of welding gray cast 
iron. Some results of these researches have been re- 
ported to this society on two previous occasions. In all 
of this work, the problem of welding gray cast iron with 
the metallic arc has been studied. By way of brief re 
view, our first work was directed toward spraying the 
surfaces to be welded with some known graphitizer in 
which connection copper developed distinct possibili- 
ties. The second studies concerned themselves with 
mild steel electrodes of varying cross sections covered 
with dipped coatings. The results showed that changes 
from the orthodox circular cross section to one in which 
more surface area is possible for a given cross-sectional 
volume, offered greater possibilities to the introduction 
of the elements contained in the electrode coating. 

The studies presented here concern themselves entirely 
with the effect of various substances in cast-iron electrode 
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coatings on the weld deposit. Throughout the investiga 
tions, no attempt was made to use any particular ma 
terials for the reason that in practice welds must be made 
upon castings as they appear and, further, the materials 
and equipment used are those at hand rather than some 
specific or ideal material that is too expensive or un 
obtainable at the time required 

The weld specimens for these studies were cast in the 
foundry division of the Mechanical Engineering Shops 
These castings, which are approximately 1'/, inches 
wide by 3 inches long and '/s inch in thickness, are used 
as welding specimens by all students in the welding 
classes. The specimens are cast with beveled edges in 
order that no grinding time is necessary. The analysis, 
which varies somewhat from one heat to the next, is 
what is known to the trade as machinery cast iron char 
acterized by a rather high silicon with resultingly large 
graphitic carbon content. Other castings poured at the 
same time are processed in our machine shop division and 
then assembled into small air compressors and other like 
equipment. The weld specimens used throughout these 
investigations are representative of the majority of ma 
chinery castings encountered in the industrial field. 

The idea of producing our own welding rods for these 
investigations was abandoned for the reasons previously 
stated. All welding rods were purchased from local 
sources of supply with the exception of a donation ol 
some '/s-inch diameter rods from the manufacturer of 
this material. With the exception of tests Nos. 11 to 
37 where moly-nickel rods were used, all others were 
made with cast-iron welding rods obtainable from usual 
sources of supply. Most of the rods were */; inch in 
diameter and 16 inches long with the exception already 
noted. 

The materials used in making up the shielding mix 
tures were all obtained from local sources. The graphite 
was of a high degree of purity and not of the plumbago 
type. Commercial grades of sodium silicate were used 
throughout the tests. Cellulose additions were finely 
ground Douglas Fir sawdust that is abundantly available 
in this territory. Lignin, a wood pulp by-product ob 
tained locally, was tried as a carbonaceous binder. Its 
use will be mentioned under test results. The metalli 
elements introduced in the various coatings are of stand 
ard type and can be secured from foundry supply 
sources. 

The various substances that went to make up a given 
test coating were accurately weighed and measured 
The solids were carefully pulverized to insure smooth 
ness and homogeneity in the mixture. They were then 
blended and mixed before the addition of the binder was 
made. Sodium silicate was used most generally for the 
latter purpose, although lignin, previously mentioned, 
was introduced either as a substitute or as an additional 
binder. However, it would be premature to comment 
definitely upon the desirability of lignin as a binder for 
electrode coatings because our investigations in that di 
rection are not yet conclusive. 

The only means open to us for placing the coating on 
the rod was the dipping process. Each electrode used in 
all of these tests was prepared in this manner, a fact 
worth noting since the uniformity accompanying the 
extruded coatings, so far as thickness and uniformity 
are concerned, was not a factor. It may be that some 
of the results that are difficult to interpret were affected 
by non-uniform coating applications. Frequently it was 
necessary to add water to the prepared shielding mixture 
in order to obtain a consistency of proper degree for dip 
ping. The dilution added another factor that required 
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attention in that the coatings needed to be dried before 
the electrodes were ready for use. 

All mixtures were prepared in samples of about 100 cc. 
These were poured into a graduate cylinder in order to 
facilitate the actual dipping operation. The graduate 
was inclined and rotated slowly while the rod to be 
coated was inserted therein. In this manner as nearly 
uniform coating as possible under the circumstances was 
obtained. Both ends of the electrode were coated in like 
manner so that an exposed area of about 1 inch in length 
remained at the center for the grip of the electrode holder. 
This plan allowed for the use of short electrodes giving 
much closer control of the arc during the welding opera- 
tion. Since all of the welding was of the manual type, 
every opportunity for controlled operation was sought 
to the end that final results would be obtained under 
parallel conditions. 

The elctrodes were set aside on a fixture whereby they 
were suspended in the center in order that the coatings 
could dry without harm or distortion to any of the 
coating material. In a few instances, the electrodes 
were oven dried in order to hasten hardening. This re- 
quired close temperature control in order to avert puffing 
and flaking of the coating. 

A considerable amount of experimentation was used 
in developing proper procedures and techniques in the 
welding tests. This consisted of using varying settings 
on the welding generator that would yield satisfactory 
results in welding. The same precautions were followed 
for polarity settings. All welding was done with d.-c. ma- 
chines where it was found that for the coatings under 
investigation reversed polarity delivered the best results. 
Accordingly, then, all test welding was done with reversed 
polarity and all results reported here must be inter- 
preted from that condition. 

The result of preliminary welding tests indicated that 
a current value of 200 amp. at 25 volts delivered the best 
results on electrodes of */;, inch diameter, that is, base 
size. On the '/s inch base diameter electrode, the welding 
current was used at 125 amp. and 25 volts. These cur- 
rent values were basic through the experiments, although 
they were varied where different coatings indicated 
changed heat requirements. It is obvious that the 
number of combinations possible in tests could not all be 
investigated with any degree of thoroughness, conse- 
quently those values and conditions that indicated sound 
conclusions were the ones most frequently used. 

The welding technique as well as the varying heat val- 
ues were investigated. Two different methods of weld- 
ing were used. The difference resolved itself into the heat 
input in each case. In one group, a low heat input was 
used by obtaining fusion with rather shallow penetration 
by the molten metal from the arc contacting the parent 
metal. These welds were more on the order of the ones 
generally associated with the metallic arc-welding proc- 
ess in that the heat was of a localized character rather 
than one spread through the work, thereby extending 
the temperature gradient. 

The second technique was one similar to that used in 
torch welding in which the idea of puddling the molten pool 
of metal predominates. These welds were made in a series 
of passes so that gases and slag inclusions were liberated 
or floated. It is not possible to draw definite conclusions 
as to the desirability of either of.these procedures so far 
as industrial application is concerned because the speci- 
mens used were considerably smaller in cross section 
than the average casting of a machine part. However, 
indications are that the section shape and physical re- 
quirements of the part to be welded would, in the final 
analysis, be the governing factor. 
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All welding specimens were arranged on a copper 
backing strip in such a way that a '/s-inch root opening 
obtained. This opening was found necessary in order to 
gain full penetration—there not being sufficient metal 
thickness to make welding from both sides feasible. At 
best, with the */;.-inch electrodes, difficulty was encoun 
tered in getting the desired fusion at the root of the V 
separating the two weld pieces. The root opening also 
permitted of a degree of manipulation of the are which 
made for uniformity of arc length and evener weld metal 
deposits 

The matter of the machinability of the weld has al 
ready been mentioned yet it seems that any discussion 
of gray cast iron invariably returns to that characteris 
tic. One of the objectives of the tests was to investigat: 
the desirability of preheating and postheating. Instead 
of preheating in an orthodox manner by the use of some 
outside agency, the expedient of the use of the carbon arc 
was employed. Many test welds were made by adding a 
piece of carbon electrode about 1 inch in length on the 
end of the welding electrode. It was thought that the 
use of such a composite electrode would combine the 
metallic and carbon are into an entity capable of per 
forming all the requirements of a machinable weld. Th« 
idea was partially satisfactory in that the carbon part of 
the electrode delivered an arc that handled the pr 
heating aspect of the problem. However, it was found 
that in addition to this desirable feature, the difficult 
problem of carbon deposits on the surface of the parent 
metal was introduced, a situation which, from a prac 
tical standpoint, had the effect of cancelling any virtue 
that the carbon arc may have had from the standpoint ot 
a preheating possibility. The idea of the composite elec 
trode was not investigated fully. It does look inviting t 
preheat and weld without changing the set-up in any 
way. 

After some investigation with the composite elec 
trode, the remaining tests were made with specimens 
that had been preheated—that is, very few welds were 
completed with pieces at room temperature. The pri 
heating was done in an oven-type furnace at tempera 
tures of 300° F. After welding, the test-pieces were 
allowed to cool normally to room temperatures without 
any decelerated cooling. The pieces remained on the 
welding table until they were cool enough to handle 
Ordinary precautions were observed to prevent the 
pieces from being subjected to drafts that would induc« 
rapid cooling or chilling. 

Each series of weld specimens was subjected to a pre 
liminary examination that consisted of a visual inspec 
tion of the weld deposit, fusion lines, penetration and 
heat effect. The specimens were then broken perpen- 
dicular to the weld line and a further visual inspection 
applied. In those cases where the weld was of such ob 
viously poor quality as to be discarded, such action was 
taken without further examination. Those that indi 
cated encouraging results were closely checked for effects 
of coating mixtures and heat values on the soundness, 
structure and fusion. From this group selected speci- 
mens were subjected to microscopic examination and 
study. It might be of interest to mention that more 
than a thousand test welds were made during the course 
of this investigation. In addition over one hundred 
coatings were compounded, some of which gave over 
lapping results and, in some cases, very poor results. 

When the coating mixtures were being compounded, 
the guiding factor was that of producing a gray cast- 
iron weld metal, consequently the shielding materials 
show this trend most predominatingly. To be sure, the 
usual functions of shielded electrodes were not lost sight 
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In fact, the coated electrodes used divide into three 


classes: 


|. Slag-forming coatings. 
». Gas-shielding coatings. 
3. Combination of the above two features. 


lhe presence of the carbonates and the silicates of sodium 
and calcium supplied the necessary slag-forming ingredi- 
ents. The resulting slag, of a lower specific gravity than 
the weld metal, formed a protective coating or blanket 
on the weld metal deposit, shielding it from oxidation 
and other effects of the enveloping atmosphere. The gas 
shieldings were obtained in coatings containing cellulose 


ties of certain ingredients or, more properly, combinations 
thereof. This condition will be noted by comparing 
the formulas used and the results achieved by them. 


TEST RESULTS 


Figure | shows a typical cross section of the gray cast 
iron of the parent metal. An examination will reveal 
that the comparative size, distribution and shape of the 
graphite plates show a typical gray cast iron 


Formulas of Electrode Coatings All Percentages by Weight 


a Test No. 1 

although carbon dioxide was developed through the re- oo, ie 
jucti f carbonates. Experiments with these coatings Graphite 23.6 Reversed polarity, metal de 
duc ion OF Carbonates. COBUE: Sodium silicate 66.9 posited in uneven globules 
indicated that the gas-forming feature, while of interest Water 9 5 Fusion hindered by deposits 
in minimizing oxidation, showed itself as an important _ of coating in walls of \ 
hindrance to sound weld metal because of the prevalence est No. 4 
of blow-holes in the latter. It was found that the size Graphite 21.2 Arc sputtered at lower cut 

Sodium silicate ti7.4 rents. Improved fusion and 
and number of gas inclusions in the weld metal could be Ca(OH 29 mets, meee etehie ase ot 
controlled by adjusting the ingredients in the electrode Water 8.5 200 amp 
coatings. The difficulty of gas inclusions proved a much a> 
greater problem than did the development of weld metal est No. 5 . 
of acceptable metallurgical characteristics. This inves Graphite wy. e Fair fusion. Weld metal char 
Sodium silicate 64.3 acterized by some gas in 
tigation has not developed to the point where positive Ca(OH 7 4 shame 
statements can be made as to the gas-forming proclivi Water 8.1 

Fig. 1—Unetched, 98 X Fig. 2—Unetched, 98 X Fig. 3—Unetched, 98 X 


Fig. 4—Unetched, 98 X 
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Fig. 6—Unetched, 415 X 
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Fig. 7—Unetched, 


Fest No. 14 


Graphite 17.3 First formula to yield a weld 
Molybdenum §.2 metal free of gas inclusions. 
CaCO; §.2 Good fusion with narrow 
Sodium silicate 12.3 white line at fusion area. 


Dense, fine-grained metal 
harder than parent metal 
Test No. 15 


Graphite 15.0 Weld deposit good. Poor pene- 
Sodium silicate 77.5 tration on fusion line 
Cellulose 3.75 
Water 3.75 
Test No. 19 
Graphite 7.6 Surface preheated with carbon 
Sodium silicate 7.6 arc composite rod Poor 
Cellulose 84.8 fusion due to excessive car- 
bon deposit on surface of V 
Test No. 23 
Aluminum 4.4 Weld metal predominantly 
Cellulose 4.4 white iron. Poor fusion and 
Sodium silicate 91.2 penetration 
Test No. 49 
Graphite 13.2 Uniform weld metal deposit 
Cellulose 6.6 See Fig. 2. 
CaCO; 2.7 
Ferro silicon (75%) 4.0 
Sodium silicate 73.5 


Figure 2 shows the line of fusion produced with elec- 
trode coated with mixture shown in test No. 49. An 
examination of the fracture reveals a very narrow line 
of fusion. An abrupt change in the size of the graphite 
structure from parent metal is noted; yet this size ob- 
tains throughout the weld deposit. When using low 
heat, some difficulty resulted from gas inclusions at the 
fusion line. 


Test No. 50 


Graphite 13.1 Weld metal and fusion line 
Titanium oxide 0.4 particularly free of gas. Very 
Cellulose 6.6 satisfactory fusion 

CaCO; 2 7 

Ferro silicon (75%) 4.0 

Sodium silicate 73.2 


Test No. 65 


Graphite 11.4 Poor fusion, blow-holes in weld 
CaCO; 11.4 metal which tended toward 
Ferro silicon (75%) 6.8 whiteness. Fumes made 
Lignin 70.4 welding uncomfortable for 


operator 
Test No. 82 


Graphite 11.2 Weld metal completely free of 
CaCO; 16.7 gas. Good fusion and pene- 
Ferro silicon 16.7 tration. Distinct but ma- 
Sodium silicate 46.5 chinable line of fusion. Weld 
Water 8.9 surface protected by heavy 


slag. See Fig. 3. 


400-s 


Fig. 8—Unetched, 98 X 


WELDING RESEARCH SUPPLEMENT 


Fig. 9—Unetched, 98 X 


Figure 3 shows the line of fusion of a weld produced 
through the use of coating in test No. 82. This mixture 
is similar to the one used for Figs. 7 and 8, except for the 
fact that here ferro silicon has replaced the titanium. 
The graphite is well distributed from the parent to the 
weld metal, indicating good fusion and a fairly uniform 
carbon gradient. 


Test No. 96 


Lampblack 12.2 Some included gas pockets on 

CaCO; 18.4 fusion line. Slightly more 

Ferro silicon (75%) 18.4 pronounced white iron than 

Sodium silicate 51.0 mixtures using graphite. Se: 
Fig. 4 


Figure 4 shows fusion line of ‘weld produced through 
the use of coating in Test No. 96, where graphite used 
in previous tests has been replaced by lampblack. Indi 
cations of gas inclusions are clearly shown. 


Test No. 107 


Graphite 15.2 Sound welds made with fairly 
NasCO; 15.2 uniform graphitic gradient 
Titanium 6.1 This shielding yielded uni 
Sodium silicate 63.5 formly satisfactory results 


See Figs. 5 and 6 


Figure 5 shows line of fusion produced from coating 
in test No. 107, in which sodium carbonate was intro 
duced as a fluxing agent. Owing to the tendency of so 
dium carbonate to produce gas while scavenging the 
metal, a higher heat input was used to compensate for 
this condition. 

Figure 6 shows, by the use of higher magnification, the 
nature of the graphite plates of the weld metal of the 
specimen shown in Fig. 5. 


Test No. 109 


Graphite 15.7 Sound welds made at amper 
CaCO; 23.5 ages in the 200 range. Welds 
Titanium 15.7 machinable without post 
Sodium silicate 32.6 heating. See Figs. 7 and & 
Water 12.5 


Figure 7 shows fusion line of weld produced from 
coating shown as test No. 109. The graphite particles 
are well distributed and finger-like in structure through- 
out the line of fusion, but are slightly smaller than thos« 
of the parent metal. 

Figure 8 shows a section of the weld metal using same 
electrode as shown in Fig. 7. The graphite particles are 
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similar to those shown at the fusion line, but are larger 
and more uniformly distributed. 


Figure 9 shows the weld metal of a specimen welded 


by electrode using coating test No. 82. The shape and 
distribution of the graphite clearly show that machinable 
gray cast iron can be deposited with metallic arc welding 
when suitable coated electrodes are used. 


CONCLUSIONS 


These investigations, while somewhat extensive, are 
not at all exhaustive in that much more can be done in 
the direction of evaluating the effect of various welding 
heats and coatings on both the weld and the parent metal 
The subject of shielding or coating formulas is indeed 
one that lends itself to much additional experimentation, 
although results obtained in these studies indicate the 
path of future progress 

The tests made with low and high heat input (125 to 
200 amp.) showed that at the lower heats the inclusion 
of gas in the weld metal was much more sensitive to the 
composition of the coating, whereas at the high heat, 
concentrated gases and slag were liberated with greater 
dispatch and fewer such inclusions resulted. 

When heat input was used on the high side, a more 
distinct line of fusion resulted as noted from a study of 
the resulting fractures. The microscopic studies, in 
cluding micrographs shown in this paper, however, 
showed that free graphite is plentiful in this region, in 
dicating that the carbon is not oxidized and the silicon 
not excessively volatilized due to prolonged or increasing 
heat. 

In those tests where less heat was employed, the fusion 
line of the weld is narrower, yet the change in size and 
shape of the graphite plates is much more abrupt. This 
shows the quenching effect of the lower heat in that 
graphite formation is hindered due to the lesser time 
allowed for solidification and subsequent cooling. 

A difficulty frequently encountered in the welding 
tests was that when using '/s-inch electrodes on lower 
heat input, a carbon film formed on the surface of the V 
which prevented smooth flow of the metal and hindered 
complete fusion because of its insulation effect. Too 
much of the carbonaceous matter in the coatings was 
liberated as mechanically free graphite which did not 


Kinetics of Flash 
Welding 


N THE course of a study on flash welding high-speed 
steel ends to the plain carbon steel shanks of rock 
drill pistons, 2 in. diameter, H. Yamamoto made 
high-speed motion pictures of the contacting surfaces 


* Abstract of “Flashing Phenomena of Flash Butt Welder 
Hitachi-Hyoron, 23, 435-439, Aug. 1940 
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enter into solution with the molten metal of the welding 
operation. This condition was largely overcome at the 
higher amperage ranges due, probably, to the fact that 
the molten pool was larger, thereby enabling the assimi 
lation of the materials of the coating by the molten 
metal. 

Welds made with cast-iron electrodes developed in this 
investigation were readily machinable with the usual 
type of high-speed steel tool bits. Machining was done 
on most of the specimens welded since it was felt that 
such a test would be a definite indicator as to the type 
of material in the weld deposit. This was done by frac 
turing the welded specimen transverse to the weld 
and then machining the fractured surface in a shaper 
Some machining tests were carried on until the major 
part of the specimen had been reduced to chips 

Another indication of the machinability can be had 
by noting the hardness test values The following 
Rockwell hardness readings were taken from represen 
tative welded specimens 

B 79 to B 101, average B S® 
B S9 to B 100, average B 95 
B 95 to B 109, average B 100 


I Parent metal 
2. Fusion zone 


3. Weld metal 


he major results of this investigation show the possi- 
bility of developing coated cast-iron electrodes that will 
produce sound, machinable cast-iron weld metal. No 
attempt has been made to evaluate these results in the 
light of current industrial practice. This investigation 
was not intended as a comparison of materials and 
processes developed here as against any that are now 
used or have been employed in the welding of cast iron 
with the electric arc. It must also be remembered that 
so far as this investigation has proceeded, all work has 
been of a laboratory nature. Further work, when un 
dertaken, will be directed toward the study of procedures 
necessary when heavier sections are welded, or when the 
parent metal has been subjected to service conditions 
which may have resulted in introducing situations which 
have affected the casting such 
corrosion or the like. 

Much of the routine work in these studies was per 
formed by E. C. Johnson and H. C. Jenseth, both senior 
students in mechanical engineering at the University of 
Washington. Their contributions were many and their 
services invaluable—-a fact that is gratefully acknowl 
edged by the writer. 


as excessive heating, 


to be welded. Oscillographic studies had made it clear 
that flash welding occurs in three stages: preheating, 
flashing and upsetting, which occupied 31.5, 17 and 0.3 
seconds, respectively, in welding bars 1'/, in. diameter. 
The high-speed motion pictures made with a camera 
10 in. from the contacting surfaces showed that a liquid 
bridge formed across the surfaces and exploded. The 
explosion blew molten metallic particles from the weld, 
which constituted the flashing. Using a 100-kva 
flash welder, 40 to 60 explosions occurred each second 
The duration of each explosion was 1/2400 to 1/1200 of 
a second. 
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LEXIBLE WELDED ANGLE 


By BRUCE JOHNSTON’ and LLOYD F. GREEN: 


INTRODUCTION 


HIS report presents the results of a series of tests 
made on welded beam-to-beam or beam-to-column 
connections as used in standard tier building con- 

struction. The connections are similar to some of those 
proposed as tentative standards in December 1939, by 
the American Institute of Steel Construction.' It was 
desired that the connections be flexible enough to allow 
with safety the full end rotation which might be ex- 
pected in a freely supported simple beam. 

Connections of the types shown in Fig. 1 (a), 1 (b) and 
1 (c) were tested. The direct pull tests shown in Fig. 
1 (a) were to determine the relative flexibility of different 
lengths of angle legs. On the basis of these direct pull 
tests the flexible top and seat angle connections shown 
in Fig. | (6) were designed for the simple beam end 
rotation of typical beam designs. The purpose of the 
top angle is simply to support the compression flange 
laterally. In the case of the beam web connections 
shown in Fig. | (c) the angles were intended to carry 
the end reaction as well as to provide flexibility and 
support against twisting at the ends of the beam. 

Tests had previously been made at the Fritz Labora- 
tory on seat and top angle connections similar to those 
in Fig. 1 (6). In these previous tests the top angles 
were much thicker than in the present series and the 
connections were designed to be “‘semi-rigid,’’ or moment 
resisting.** There is currently much interest in the 
possibilities of the economical design made possible by 
the use of semi-rigid connections; nevertheless, most 
beams in buildings at present are designed with the 
assumption of simple supports and in such cases it is 
essential that the welded connections have the desired 
degree of flexibility to give full simple beam end rota- 
tion. 

The present investigation was carried out at the 
Fritz Engineering Laboratory of Lehigh University, in 
cooperation with the Welding Research Committee of 
the AMERICAN WELDING Society. In October 1939, 
the Committee authorized this work and appropriated 
a sum of $200 to cover the cost of fabrication of speci- 
mens. The investigation was a regular research project 
of the Fritz Engineering Laboratory, of which Professor 
Hale Sutherland, Head of the Department of Civil 
Engineering, is Director. Acknowledgment is made to 
Mr. Howard J. Godfrey, Engineer of Tests, and to all 
others on the laboratory staff for their continued assis- 
tance in carrying out the program. Helpful suggestions 
regarding the program were made by Mr. Heath Lawson, 
Mr. La Motte Grover, Mr. F. H. Dill and others. 


* To be presented at the Annual Meeting, A. W. S., Cleveland, Ohio, Oct 
21 to 25, 1940. Contribution to the Structural Steel Committee 

t Assistant Director, Fritz Engineering Laboratory, Lehigh University, 
Bethlehem, Pennsylvania 
t Garrett Linderman Hoppes Research Fellow in Civil Engineering 
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TEST PROGRAM AND PROCEDURE 


The test program consisted of three groups of tests. 
Group I consisted of direct pull tests varying the angle 
leg size to obtain the relative flexibility of different leg 
lengths; Group II consisted of direct pull tests varying 
the weld on the outstanding leg and also subjecting the 
weld to repeated load; and Group III consisted of full- 
size connection tests designed on the basis of the results 
of Groups I and II, and subjecting the specimen to re- 
peated loads. The direct pull tests in Groups I and II 
simulated the action of the top angle and the upper end 
of the web angle, permitting a selection of the most 
desirable angle size and welding procedure at a minimum 
of expense. Subjecting the angle to a direct pull tested 
it more rigorously than in the case of an actual top and 
seat, or web angle connection. Details of the size, type 
and method of fabrication of the test specimens are as 
follows: 

Group I—The direct pull specimens (Fig. 1 (a)) were 
held during welding so that the welds on one pair of 
angles were all done with the legs in a vertical position 
and the bead laid horizontally, simulating the top angle 
leg welded to the column. The welds on the other 
pair of angles on the same specimen were all done with 
the legs in a horizontal position and the bead laid hori- 
zontally similar to a top angle leg welded to a beam. 
The specimen was jigged very carefully so that the two 
main pull plates were in a straight line. This group 
consisted of five specimens made up of equal leg angles 
'/, inch thick and 4 inches long, the variable being the 
length of the leg. Table 1 presents the details of the 
specimens as well as test results. 

Group Il—These specimens, consisting of Tests No 
(, to 14 inclusive, were fabricated similarly to those 0! 
Group I. Five 4 by 4 by '/,-inch angle specimens and 
four 3'/2 by 2'/2 by '/g-inmch angle specimens were 
tested. The type of the weld was varied in this group 
as illustrated in Table 2. 


(a) (c) 
Direct Pull Top and Seat Angle Web Angie 
Test Connection Connection 
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TABLE L ~ Direct PuL_t Tests 


YIELD | 
Test WELDING Finest | Max. | Max. 
ANGLE SIZE Point | Pot | | 
No. DetaiL | PosiTIon Loan | Dart. Loao | DE FL. 
Leg Vertical) 4 100 | 0,140"; — | 5800) 1,60". 
4" Leg Horizontal | 3700 | 0.112") 0,168", 4450 | 1,30" 


Leg Vertical | 4100 | 0.086"| Q124"| 5500 | 1.12" | 
Leg Horizontal | 4150 | 0.092"; | §600 

Leg Vertical | 3750 | 0.03¢"| — | 6550 

ls ie Leg Horizontal | 3 500 | 0.034" | Q302"| 5300 | 

Leg Vertical | 4575 | 0.022"| — 8500 0.83". 

5 350 | 0.040"| 0.160" | 7800 

2x2xhn4 Leg Vertical | 5450 | 0.016"| — | 9150 

Leg Horizontal | 4900 | 0.013" | 0.098" | 8200 


2 | 


= 

| 


nH} 


9 
© 


Group III-——This group of tests was made on six full were inverted and concentrated loads were applied to 
size connections, of which three were top and seat angle the beams to produce rotation of the beam ends. The 
connections, and three were web angle connections rotations were measured by a 20-in. level bar of the same 

Table 3). All these connections were fabricated at the type used in a previous investigation.* The level bar 
Fritz Laboratory, using stub beam ends connected to _ was sensitive to a rotation Of ' s ,o th of a radian or 
the web of a 12 WF 65 stub column, as shown in Fig. to +10 seconds, and consisted of a 10-second precision 
| (b) and 1 (c). The connections were designed for the level bubble mounted on an aluminum bar. Two 
end reaction rotation corresponding to beam designs for sharpened steel points supported the bar at one end, 
three span lengths. A top and seat angle connection and the other end was supported by a micrometer screw 
and a web angle connection was designed for each span which was used to bring the bar to level position for 
length. A uniform D. L. + L. L. of 115 lb. per sq. ft. each reading. The elevation of the micrometer end 
was assumed and calculations were based on the as- of the bar was read by a ' jo. Agnes Dial. The relative 
sumption that the beams would carry the entire load of 
a square floor panel having sides equal to span lengths 
of 20 ft., 22 ft. and 24 ft. The following beam sizes 
resulted: 16 WF 36, 18 WF 55, and 21 WF 59, respec- 
tively. All end shear was assumed as taken up by the 
seat angle in the top and seat angle connection. The 
seat angles were of the minimum size necessary to with- 
stand the end reaction and were designed and welded in 
accordance with usual practice. In the case of the web 
angle connections the outstanding leg welds were de- 
signed to take the combined shear and bending stresses 
as in standard practice. It should be noted that the 
connections were tested with respect to rotation and did 
not carry end reactions corresponding to the actual 
design. 

All welding was done at the Fritz Laboratory by a 
qualified welder, using a Grade 10 Electrode. The 
welds in every case were '/;-inch fillet, having the same 
size as the angle thickness. The angles were of stock 
size and were cut on a power saw to lengths of 4 in. + 
'/s in. for the direct pull specimens, and 6 in. = '/i 
in. for the full-size connection specimens. The flexible 
angle material conformed to A. S. T. M. Standard Speci- 
fications A9-36. The longitudinal edges of all con- 
necting angles were welded in the as-rolled condition. 

The gages for the direct pull tests in Groups I and II 
were mounted as shown in Fig. 2. Movement of the 
heel of the angle from the plate was measured with 
Ames Dials accurate to 0.00l-inch. Beyond the gage 
range (1.0-inch) the deflection was measured with a steel 
scale graduated to 0.01 inch. A gage was placed on each 
end of each pair of angles and the movement of the heel 
was recorded and averaged. 

The relative rotation between the beam end and the 
column in the Group III tests was measured by means 
of rotation bars attached to the members as in Fig. 3, 
which also shows the method of loading. The specimens Fig. 2—Direct Pull Specimen, Test No. 4, After Yield 
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plate 


1/ 


tions. 
identical location upon the polished surface of the rota- 
tion bars which were attached by arms to the beam and 
Ames Dials accurate to a movement of 0.001- 
inch were mounted on the upper and lower flange 
the beam, bearing against the column, thereby enabling 
the location of the center of rotation. 


column. 


Group I 


flection 


nections. 


dial movement divided by the gage length gave the 
relative rotation in radians between any two load condi- 


For each measurement the level bar rested in an 


was 


measured 
from a straight line. 


before 


strength was established. 


the maximum load. 


at 


actual 


TEST RESULTS 


200-Ib. 


At 


load deflection curve is shown in Fig. 4. 

From the load deflection curve an arbitrary yield 
This point was found in all 
cases by drawing a tangent to the straightest part of 
the curve in the low load range and a horizontal through 
The point where a vertical through 
the point of intersection of the first two lines crossed the 
curve was considered the yield strength. 
between the yield strength and the length of outstanding 
leg is plotted in Fig. 5 

Flexibility was more important than strength and a 
preliminary study of Group I indicated that the 4 x 4 x 
«inch angles would be suitable for a top angle and the 


every 


Movement of the heel of the angle from the 
increments until the 
relation between load and deflection deviated markedly 
From then on this movement was 
recorded periodically in order to get the maximum de- 
fracture. 
increment up to just beyond the approximate yield 
strength the load was dropped to the initial load, and 
record of the permanent set was obtained. 


of 


Fig. 3—Beam Connection Test Arrangement 


Load 


1000-Ib. 


A typical 


The relation 


x x '/,inch angles suitable for web angle con- 
These sizes were chosen on the basis of 0.10 
and 0.08-inch heel deflections, respectively. 


The limiting 


heel deflections were below the general yield strength 
and below any noticeable local yielding or cracking in 
weld or angle. 


After making the actual beam con- 


nection tests in Group III the preliminary estimates 
were revised somewhat and limitations as to span length 
and beam depth are furnished in the summary. 


|_-Seat Angle 


<= Rotation Bars 


= = 
Angle 
Support Support 
6000 T — 
Max. Load#| 
5000 | 
4000 
& 3000 |} 
| 
v | | | 
52000 }- 
| | 
1000 
| 
O 0.08 OIG 0.24 Q32 040 
Deflection in Inches 


Fig. 4—Load Deflection Diagram Test No. 1, in Direct Pull 


TaBLe IL Direct Purt Tests Unoer Reeeateo Loao 
1, | JL | Leg Vertical | 0.070" 200-3000 | $0 | 0.003}0.112" | 200-4000, 40 0.003) — | —— |— —]| — — Net Loaded to failure 
LegHorizontal 0.083" 200- 3000 | 50 0004" 0.180" 200-4000! 40 Failed 4200 ‘Yield due to repeated lood 
Leg Vertical |0.045" 200-3000 100 0 | 0.075" 200-4000 100 0.005} 0.200" 200-5000 Foited| SOOO 0.595 Yield due to repeated load 
| fh Leg Hor zontal 0044" 200- 3000 100 0.075" 200-4000 100 0006] 0.172" 200-5000 | 15 0.015] — | — \Not loaded to failure 
| | Leg Vertical | 0.092" 200-5000 100 0.007} 0.099'| 2000-5000 | $5 000s] —- —— |—| — | — Netloaded to failure 
| Leg Horizontal | 0.103" 200-5000 100 0.03310.144" 2000-5000 | 55 000s] — — | —]ci00 Yield due to repeated load 
leg Vertical |0.056" 1000-4000 0 |0.083" 1200-4800) 50 (0.006] 0.112" 1300-5200 50 0.004 —— | — loaded to failure 
Leg Horizontal | 0.058" 1000-4000| 0 |0.083" 1200-4800 50 1300-5200 50 8800 0526" Failure dve to static lad| 
10 | Leg Vertical 0.075" | 1200-4800 | 50 0.002’ 0.092" 1300-5200 | 50 200g) 8800 Failure due to static lood | 
Leg Horizontal | 0.086" 1200-4800 | 50 0.005]0.138" 1300-5200 50004) —- | —— — | —}| — | — loaded to failure 
| ag | | Leg Vertical 0.052" 1300-5200 50 0.002 0.070" 1500-G000_ 50 0004 |Not loaded to failure 
LegHorizontal | 1300-5200 | 50 0.004]0.092" 1500-6000 50 0006} — — |—] 9500 |1.60" [Failure due to static lood 
Leg Vertical 800-3200 50 0.005" 0.097" 900-3600 50 950-3800 | 20 [0013] — | — [Not loaded to failure 
12 | LegHorizontal | 0.085" 800-3200 | 50 900-3600 50 950-3800 | 20 3800 ‘Yield due to repeated lood 
beg Vertical | 0.075" 1100-4400 $0 0.005]0.102" 1250-5000 50 0014] 0.128" 1300-5200 | 50 |0030] —- | — [Not loaded to failure 
eth Horizontal 0.078" 1100-4400 50 |0004] 0.103" 1250-5000 | 50 [0018] 0.139" 1300-5200 | 50 0138] 5200 |1.40" Wield due to repeated load 
| Leg Vertical 0.056" 1400-600 | 50 0007) 0.072" 1500-6000 | 50 0010]0.099 1600-6400 | 50 004] — | — [Not loaded to failure 
LegHorizontal | 0.062" |1400-5600 50 0.006] 0.080" 1500-6000" 50 0010} 0.109" 1600-6400 | 50 10000 0877"foilure due to static load 
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TasLe IL Beam Connection TESTS 


Wes ANGLE Toe Ano Seat ANGLE 
CONNECTIONS CONNECTIONS 
20 6 ij G | Test No 
| WesA® | | SeaTAnGcie | 
i7wes I2Wes | | | CocumnN 
| | iIcw3c | Z2iwS® | I8WSS  igw3c | Beam 
ALL MOMENTS | IN INCH |POUNDS MomenT AT 
55,200 26,000 9,900 61,600 56,600 46,200 FirsT 
REPETITION 
ALL ROTATIONS RADIANS T 
200465 0.00500 0.00495 0.00430 000525 0.00420 East Beam, © 
Q00465 | 000525 000325 | 000485 000450 000505 | West Beam 3 
400-1600 | 350-1400 | 150-600 | 700-2800 | 700-2800 | 7002800 | Loap RANGE 
50 sO 50 50 50 50 No, CycLes 
' 
000010 0.00010 | 000025 | 000040 | 0.00035 | 0.00035 | East BEAM 2 
000005 0.00015 0.00015 | 000035 | 000035 | 000015 | WestBeam § 
MomeENT AT 
41,600 | 34000 11,550 68,200 62,000 | 49,500 SECOND 
000600 | 000670 0.00665 | 0.00590 | 0.00660 | 0.00600 | East BEAm 3 
000600 | 000695 | 0.00395 | 000675 0.00550 000740 | West BEAm $ 
475-1900 | 425-1700 | 175-700 | 775-3100 | 775-3100 750-3000 | LOAD RANGE 
50 50 50 50 50 50 No. Cyc.Les 
0.00070 0.00020 | 0.00025 | Q00060 | 000005 | East Beam © 
000025 00020 000030 000045 | 000015 | WesTBeam 
MOMENT AT 
48,400 36,000 13,200 72,700 66,000 | 59,400 THIRO 
REPETITION 
0.00775 0.00745 0.00800 | 0.00695 0008610 0.00705 EAst Beam : 
0.00760 | 0.00785 0.00445 0.00780 0.00660 0.00845 | West Beam 3 
550-2200 450-1800 200-800 | 825-3300 825-3300 300-3600 | LoapD Rance 
50 50 SO 50 50 50 No. CrycLes 
000025 | 0.00020 0 0.00020 | 0.00065 | 000040 | East Beam © 
0.00020 0.00010 0.00005 | 0.00030 000040 000005 }| West BEAM 5 
70,400 56,000 46,200 136,400 92,000 69,100 MomENT 22 = 
y 
4 4 on 
0.01900 00!1760 0.02460 0.02675 0.01905 | 0.02340 | ROTATION z 5 < 
70,400 56,000 | 46,200 | 145,200 92,000 82500 | Moment 
0.01810 | 0.01820) 0.03825 0.01635 002180 | ROTATION z 52 
+ + A 
0.00610 | 0.00652 | 0.00600 | 0.00610 0.00652 | 0.00600 |Desicn ROTATION 
0.03380 | 0.03035 0.03570 | 003165 0.04225 | 0.04360 |East Beam 
0.03470 | 0.03060 | 0.03295 | 0.03825 0.03555 0.04380 |West Beam * » 
88,000 68,000 56100 | 145200 128,000 103.900 | Maximum Moment 


Group II—As a result of the tests in Group I two 
angle sizes were selected for further direct pull tests in 
which variations in the weld details were tried out. The 
test procedure also included repetitions of load at 0.5, 
1.0 and 1.2 times the desired total deflection correspond- 
ing to simple beam end rotation. Two sizes of angles 
were used in this group, 4 by 4 by '/,-inch angles to 
correspond to the top and seat angle connection, and 
by 2'/ by '/4-inch angles, with the 3'/2-inch leg 
outstanding, to correspond to the beam web connection. 

Nine tests were made in all, and the results are tabu- 
lated in Table 2. In the first three tests, No. 6 to 8, the 
repeated load varied from the initial load at the zero 
increment to the loads necessary to give the previously 
mentioned total deflections. In these tests a perceptible 
creep during load repetitions was observed and the 
welds eventually fractured at 90, 215 and 115 repetitions, 
respectively. In every case, however, the deflection 
during the final load repetition was considerably more 
than necessary for the corresponding simple beam end 
rotation. 

In tests Nos. 9 to 14, inclusive, different lengths of weld 
return, around the end of outstanding angle leg, were 
tried out. The repeated load range in these tests varied 
between the applied load and one-quarter of this amount, 
on the basis that some dead load is always acting. 
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Two of these six tests failed as a result of load repetition. 
In the case of the other four tests, after having at least 
fifty repetitions at a deflection of twenty per cent or 
more in excess of the required, the connections withstood 
increased static load until total deflections of as high as 
1.98 inch were reached at final failure 

A study of these test results indicated that a return of 
the weld around the ends of the angle toe equal in length 
to one-quarter of the length of the outstanding leg 
seemed to produce beneficial results. Tests 10 and 11, 
(Table 2), in which the 4-inch and 3'/>-inch leg each 
have a return of | inch around the toe of the outstanding 
leg, show a very low creep at fifty repetitions of load 
producing deflections of 38 per cent and 15 per cent, 
respectively, in excess of the desired deflections. Upon 
the application of further steady load, initial yielding 
was found to be induced principally in the angle itself 
rather than in the root of the toe weld. The total de 
flection at final fracture was the greatest for this type of 
direct pull connection. Figures 6 and 7 show the condi 
tion at final fracture of Test 10 and Figs. 8 and 9 show 
corresponding pictures of Test 11. 

Group III—Figure 1 shows the general weld details 
which were chosen for designing the beam connections 
in this group and the exact details of the six different 


tests are shown in Table 3. Rotations were measured 
at successive increments of load to the limit of the 
level bar's range. The distance between the heel of 


the angle and the column was measured thereafter with 
a steel scale. The load was repeated between one 
quarter and full load fifty times each at 0.8 simple beam 
rotation, full simple beam rotation, and 1.2 simple beam 


rotation. A typical moment-rotation curve is shown in 
Fig. 11, which also shows the behavior which might 
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Fig. 5—Group I Test Results in Relation Angle Leg Length 
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Fig. 6—Direct Pull Test No. 10, After Final 
Failure 


have been predicted on the basis of the corresponding 
direct pull test No. 10. 

The results of these tests confirmed the choice of weld 
details which had been made. At none of the three 
stages of load repetition was there appreciable creep. 
After completing the repeated load tests, each of the six 
connections took rotations far beyond full simple beam 
rotation to such an extent that it was not practicable in 
the testing machine to produce complete failure. The 
welds along the toe of the outstanding leg were not 
fractured in any of these tests, although partial tearing 
of the short weld returns took place. Figure 12 shows 
exposed views of Tests 15, 16 and 17, respectively, 
after stopping the test. Similar results were obtained in 
the case of the web angle connections, and these tests 
were stopped after the lower beam flanges came to bear- 
ing on the column web. Exposed views of these three 
tests are shown in Fig. 13. 


SUMMARY AND CONCLUSIONS 


The use of a short ‘‘weld return’ on the cut edges of 
the connection angles as shown in Fig. 10 has been in- 
dicated to be beneficial in some respects. It does not 
follow, however, that connection angles without the weld 
return would be unsatisfactory. The tests in Group I 
may be used as a basis for the selection of angles without 
weld returns as it has been shown that the direct pull 
tests give a reasonably close prediction of the beam con- 
nection behavior. Arguments pro and con with respect 
to the use of a weld return may be summarized as 
follows: 


In favor of the ‘‘weld return’’ or ‘‘boxing.”’ 


|. Initial failure of the material is forced into the angle 
rather than in the throat of the fillet weld. 

2. High concentration of stress along the entire root of 
the top weld of a top angle is avoided. 

3. Comparatively little additional weld metal is used. 


In favor of omitting the ‘weld return.”’ 


1. An over-zealous welder could defeat the whole 
purpose of the design by running too far down the 
ends of the angles with the weld return. 

2. Additional welding is introduced, increasing the cost. 

3. The increased ultimate deflection of this type of 
connection is unimportant because the beam end 
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Fig. 7—Direct Pull Test No. 10, After Final 
ailure Failure 


Fig. 8—Direct Pull Test No. 11, After Final 


could never rotate a fraction of the amount within 
the working range. 


The limited number of repeated loads which were 
applied to the direct pull specimens and to the beam 
connections yield information regarding the capacity 
of the connections to take a limited number of over- 
loads, but should not be construed to represent structural 
fatigue tests. The following conclusions are intended 
to apply to cases in which structural fatigue is not a 
problem. 


A. Direct Pull Tests——(1) The greatest strength 
and largest ultimate deflections prior to fracture was 
produced in the 3'/. and 4-inch outstanding legs when 
a return weld 1 in. long was carried around the toe of 
the angle on each side. 

(2) Initial yielding and final failure of the connections 
with no weld return was in the throat of the weld. 

(3) Weld returns as described in A-1 relieved the 
stress concentration in the root of the major portion of 


Fig. 9Direct Pull Test No. 11, After Final Failure 
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Column flange or Web (a) If the design is governed by a maximum deflection 
limitation of L/360, the maximum depth beam 

Weld Return which should be used is 12 inches when the seat and 
Preferab shipped loose V4 Length of is 16 inches when the 
Angle Leg angle usec 

(6) If the design is governed by maximum fiber stress 

of 20,000 Ib. per sq. in. under uniform load, the 

maximum span length for top and seat angle con 

nections is 19 feet and for beam and web angle 

connections 25 feet. For beams designed at a unit 

stress other than 20,000 these limits shall be modi- 


ing of the weld returns, followed by fracture through the 
throat of the weld. 

(4) The tests were not extensive enough to permit 
any definite conclusion regarding resistance of the con 
nections to repeated overload. 

B. Beam Connection Tests ——(1) The details shown 
in Fig. 10 are considered suitable for flexible welded angle 20 
connections for tier building construction. The top and 
seat angle type using a 4+ by 4 by '/, by 6-inch top angle, 
and the beam web connection using 3'/2 by 2'/2 by '/, 
by (7/3; beam depth) will give satisfactory flexible con- O J 
nections within certain limitations of beam depth and @) 0.0\ 0.02 203 0.04 
span length. These limitations are based on limiting 
the angles with 4-in. outstanding legs to 0.10-in. heel Rotation 
deflection and the 3'/,-inch legs to 0.08-inch heel de- 
flection. The limitations may be summarized as follows: 


AO —+ 


fied by the ratio of 20,000 /f 
(if Required 2) In the top and seat angle type of connection the 
* Note ~—Crater seat angle should be designed to take the full*end re- 
must be filled action of the beam. The weld in the web angle con 
at end of all 
weld returns. 140 
(a) Top and Seat Angle Connection 
Weld Return | 
20 t 
Angle Leg Behaviar of Direct en 
Pull Test No. | 
t Bolts 
(If Required) 2 
(b) Web Angle Connection c 80 
Fig. 10—Flexible Beam Connections 
5O Repetitions 
the fillet weld and caused most of the initial yielding to 
occur in the angle material. Final failure was by tear- + 
= 


in Radians 


ig. ll—Moment Rotation Diagram Test No. 16—Top and Seat Angle 
eam Connection 


Fig. 12—Top and Seat Angle Connections, No. 15, 16 and 17, Respectively, Fig. 13—Web Angle Connections, No. 18, 19 and 20, Respectively, After 
After Testing Testing 
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nection should be designed to take the stress due to com- 
bined shear and moment. 

(3) The centers of connection rotation for the top 
and seat angle type were near the upper edge of the seat 
angle. The centers of rotation for the web angle con- 
nections were about three-quarters of the beam depth 
down from the upper edge of the beam. 

(4) No substantial progressive increase in deflection 
was observed in the full size connections with a repeated 
load of one-quarter to maximum, repeating the load 
fifty times at eighty per cent of the design rotation, at 
design rotation, and at twenty per cent above design 
rotation. 

(5) After completing the cycle of fifty-load repeti- 
tions at twenty per cent above design rotation, each 
connection continued to take increasing moment until 
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rotations of more than three times the full simple beam 
rotation were reached. None of the connections had 
completely failed at this maximum rotation. 

(6) The beam end moments which would be de. 
veloped through the use of this type of connection would 
be less than ten per cent of the full fixed end moment 
in the range considered. 
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By W. B. KOUWENHOVEN’ and J. TAMPICO: 


HIS paper presents the initial report of an investi- 

gation in the field of resistance welding. The 
methods and apparatus used for the accurate de- 
termination of the magnitude of the contact resistance, 
the results of several studies of the variation of the 
contact resistance with pressure and temperature and 
the effect of the contact resistance upon the temperature 
at the contacts are reported. Measurements were made 
at currents up to 600 amperes, corresponding to a den- 
sity of 3000 amperes per square inch of contact surface, 
and pressures up to 40,500 psi. The measurements were 
made on two materials, 25-point carbon cold-rolled steel 
and commercial aluminum. 


APPARATUS 


The apparatus for applying pressure and current to 
the specimens is shown in Fig. 1. This device consists 
of a rigid frame, A, with upper, B, and lower C, speci- 
men holders and a lever, D, for applying pressure. The 
lower holder may be moved in a horizontal plane to per- 
mit alignment of the axis of the cylindrical specimens. 
A ball bearing, mounted in the upper holder housing, 
furnishes the adjustment for bringing the contact sur- 
faces into full contact. Weights are placed on the tray, 
FE, and pressure is applied to the specimen through the 
rod, F, to which the upper holder is fastened. The 
fulcrum, G, is adjustable and serves to maintain the 
lever arm in a horizontal position. 

Current is conducted to the specimen by the electrical 
connections to the specimen holders. The upper lead is 
a length of flexible cable. The current source is a 550- 
ampere, 24-volt direct-current generator driven by an 
induction motor. The current is controlled by varying 
the field excitation of the generator. 

A Kelvin bridge which is described in another section 
was used to measure the resistance. Temperature 
measurements were made by means of thermocouples 
and a potentiometer. 

* To be presented at the Annual Meeting A. W.S., Cleveland, Ohio, Oct. 21 
to 25, 1940. Contribution to Fundamental Research Division 
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SPECIMENS 


Careful consideration was given to the choice of the 
proper type of specimen to eliminate as many variables 
as possible. All auxiliary contacts were removed from 
the immediate neighborhood of the contact surfaces 
under test. Sheet materials were not used as they 
would require additional contacts in close proximity 
to the area under investigation and it would be impossible 
to determine accurately the area of contact because of 
their deformation under pressure. 

The type of specimen chosen consisted of cylinders of 
the desired material 2.5 inches in length and 0.5 inch in 
diameter. These were turned from */s-inch diameter 
stock. Two cylindrical specimens are shown in Fig. 2. 
The cylinders were constructed in pairs and each cylinder 
was inserted to a depth of one inch in a holder of the test 
ing machine. The length of the cylinders and their 
mounting insured uniform current distribution through 
out the cross section of the material in the vicinity of the 
contact. The large area of contact provided by the 
holders reduced heating at that locality to a considerable 
extent. The contact surface under investigation was 1.5 
inches from the holders and this served to reduce still 
further the effect of any heating at the holders. 

After a specimen had been turned to size, it was 
pressed into a slightly tapered hole in the center of a 
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TESTING MACHINE 
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Fig. 2—Polishing Fixture, Speci- Fig. 4—Kelvin Double Bridce 


men with Guard Plate, and 


and Potentiometer 
Finished Specimens 


» x 2-inch plate. These plates were of the same material 
as the specimen and approximately '/, inch thick. The 
specimen was then mounted in a precision lathe and the 
surface of the plate and specimen faced off to produce a 
uniform plane surface normal to the axis of the cylinder. 
A specimen prepared in this manner and ready for 
polishing is shown in Fig. 2. The plate prevented any 
rounding of the surface of the specimen during polishing. 

Polishing of the specimen was done in a special fixture, 
also shown in Fig. 2. It consists of a U-shaped base with 
a sliding head. A cloth strip two inches wide, containing 
the polishing material, was mounted on the base. The 
specimen with its plate in position was inserted in the 
movable head of the fixture, which contained a spring. 
This spring served to hold the specimen and its plate 
against the polishing cloth at constant pressure. The 
fixture was then mounted on a shaper and polished by 
the movement of the head back and forth. A specimen 
polished in this manner had a flat surface normal toits axis. 

All of the specimens discussed in this paper received 
identical polishing treatment. Their polished surface is 
the result of twenty minutes of polishing with number 
2/0 emery cloth flooded with lard oil. 

When a specimen had received the standard finish, it 
was removed from the fixture and the plate taken off. 
The edge of the specimen was then lightly filed to remove 
any burrs. It was next washed in varsol and then in 
alcohol after which it was placed in a desiccator until 
needed. It was washed again with alcohol before mount- 
ing in the testing machine. 

A small hole, 24-thousandths of an inch in diameter, 
was drilled in specimens used for the study of contact 
resistance. This hole extended from a point on the sur- 
face of the cylinder approximately */, of an inch from the 
contact end diagonally to a point on the contact surface 
midway between its center and periphery. The upper 
and lower specimens were mounted in the machine so 
that these holes were on opposite sides of the center on 
the same diameter. Fine steel wires, insulated with small 
pyrex glass tubes, were inserted in these holes. The wire 
passing through the diagonal hole in the upper specimen 
was flash welded to the contact surface of the lower speci- 
men, and that through the lower specimen to the contact 
surface of the upper specimen. These fine steel wire 
probes thus made direct connection with the contact sur- 
faces. Connection was made from these wires to the 
Kelvin bridge. A cross section of the specimens showing 
the location of the holes and the fine insulated wires is 
shown in Fig. 3 (a). 

In specimens that were to be used in temperature de 
terminations, five holes each 24-thousandths of an inch 
in diameter were drilled through the diameters of the 
cylinders to permit the placing of thermocouples at the 
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center. These holes were spaced '/, inch apart beginning 
‘/s inch from the contact surface. The thermocouples of 
No. 36 B. & S. copper-advance wires insulated by pyrex 
glass tubes were inserted in these holes, so that the 
thermal junctions were located at the axis of the cylinder. 
All holes were drilled in the specimens prior to the 
polishing operation. Figure 3 (b) shows the arrangement 
of the thermocouples. 


MEASUREMENT OF CONTACT RESISTANCE 


Contact resistances of very low values have been re- 
ported by Studer,' Hess? and other investigators;* 
therefore a special Kelvin double bridge was developed 
and constructed for the measurement of low-resistance 
values. This bridge was built of standard four-dial 
resistance boxes. The Wenner® method of eliminating 
lead resistance errors was used in the measurements. 
The reference standard was a 61.2 micro-ohm resistance. 
The sensitivity of the Kelvin bridge at 100 amperes was 
0.01 micro-ohm. A photograph showing the Kelvin 
bridge and the potentiometer is shown in Fig. 4. 

Contact resistances were measured between the fine 
wire probes which were welded directly to the contact 
surfaces, and also between needle points which made 
contact with the sides of the cylinders. Three needles, 
spaced 0.1 inch apart, were mounted in a hard-rubber 
block. These needles were held tightly against the side 
of the specimens in such a manner that the contact sur 
face was midway between the two lower needles. The cen 
ter needle and the upper needle both touched the upper 
specimen. Connections were provided from the needles 
to the Kelvin bridge. The location of the needle contacts 
is also shown in Fig. 3 (a). 

The resistance measured between the upper and center 
needles No. 1 and No. 2 was the body resistance of the 
material in the upper specimen. The resistance measured 
between the center and lower needles, No. 2 and No. 3, 
included the body resistance of the material between the 
needles plus the contact resistance under investigation. 
Assuming uniform contact resistance over the surface, 
calculations showed that for the conditions of the test, 
the current flow was uniform and that the equipotential 
surfaces were at right angles to the specimen axis. 


TEMPERATURE MEASUREMENTS 


The temperatures were determined by means of cop 
per-advance thermocouples. The thermocouple leads 
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were brought to individual jacks on a plug board, 
through which they were connected to the cold junction 
and to a Tinsley-Drysdale potentiometer. The po- 
tentiometer is shown in Fig. 4. 


MOUNTING THE SPECIMENS 


The carbon-steel specimens were taken from the 
desiccator and given an alcohol wash just before mount- 
ing in the testing machine. The aluminum specimens 
were taken directly from the polishing machine, cleaned, 
mounted and tested at once to avoid oxidation of the 
surfaces. 

The upper and lower specimens were mounted so that 
the scratches on their surfaces due to the polishing were 
parallel. Immediately after mounting a measurement of 
the contact resistance was made at room temperature at 
a current of five to ten amperes and a pressure of 1230 psi. 
This initial measurement served as a check on the align- 
ment of the specimens. 


MEASUREMENT PROCEDURE 


Contact-resistance measurements were made in two 
types of tests. In one a constant current was sent 
through the specimens and the variation of contact re- 
sistance with pressure studied. In the other the pressure 
was held constant and the current varied. In a number 
of these tests both probe and needle electrodes were 
used in the measurement of the contact resistance. 

In general, the same procedure was followed in both 
types of tests. After the specimens had been cleaned and 
properly aligned in the testing machine the probes, 
needles and thermocouples were installed. A preliminary 
measurement of contact resistance at room temperature 
was then made as previously explained. An initial value 
of current and of pressure was then applied to the speci- 
mens. When the temperatures of the specimens had 
reached equilibrium, as indicated by the thermocouple 
readings, the resistance measurements were made. The 
time required to attain equilibrium temperatures varied 
from one-half hour to one and a half hours depending on 
the current value. 

After the data had been obtained at a given current 
and pressure, the current or pressure, depending on the 
type of test, was changed to a new value and data were 
again taken after equilibrium had been attained. 

Resistance measurements were always taken at both 
the normal and the reversed direction of current flow in 
order to eliminate the effects of stray thermo-electro- 
motive forces in the Kelvin bridge. 


COMPARISON OF PROBE AND NEEDLE METHODS OF 
MEASURING CONTACT RESISTANCE 


The results given below show the agreement between 
measurements of contact resistance obtained using 
needles and those obtained using probes. These results 
were obtained on 25-point carbon steel. 

The probes were flash welded to the surfaces of the 
specimens as previously explained and therefore made 
good contact. Assuming uniform current flow across the 
contact area, the resistance measured between the probes 
should be the true contact resistance. The presence of 
the holes, containing the probes, has only a negligible 
effect upon the current flow in these measurements,*® as 
their cross-sectional area is less than one-four-hundredth 
of the contact area of the specimens. 
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A typical set of results is given below for the probes 
and needle electrodes shown in Fig. 3 (a). These r 
sistance measurements were made on steel specimens at 
300 amperes and 1200 psi, with the probes and needles on 
the same diameter. When the needles were shifted to a 


Resistance 


Circuit Measured Micro-ohms 
Needle 2 to Needle 3 = Ro, ; 93.20 
Needle 1 to Needle 2 = Rj, 2 5.96 
Contact resistance = Ro; — Rj. > 87.2 
Contact resistance, probes 82.6 


position at right angles to the line of the probes, and a 
check measurement made at the same current and 
pressure, the contact resistance determined from the 
needle values was 88.3 micro-ohms. The probes gave a 
resistance of 81.0 micro-ohms. 

In Table 1 are given the resu#ts of three tests. Each 
test was run on a separate pair of steel specimens which 
had been polished for 20 minutes. The current was held 
constant at 300 amperes and the pressure was raised in 
tests 1 and 2 from 1230 psi to 30,630 psi and then reduced 
to its initial value. In test 3 the pressure was raised in 
the same manner but readings of contact resistance were 
not made after the maximum had been reached. In tests 
1 and 3 the agreement between the contact resistance 
measured by means of the needles and the value found 
using the probes is excellent. In run 2 the difference is 
much larger. The readings reported in Table 1 for 
needles were corrected for temperature differences exist 
ing between the needle electrodes. 


Table I—Contact Resistance 


Comparison of Results of Three Tests Using Needle and Probe 
Electrodes. 25-Point Carbon Cold-Rolled Steel at 300 Amperes 
Micro-ohms per Square Inch 

Pressure, Test 1 Test 2 Test 3 
psi Needles Probes Needles Probes Needles Probes 
1,230 33.7 33.4 31.6 25.5 19.9 19.4 


4,590 26.6 26.4 27.9 21.8 13.8 12.9 
8,440 24.4 23.9 24.5 18.9 11.6 10.5 
16,440 22.9 22.4 20.9 15.8 9.3 8.6 
22,830 21.9 31.3 19.3 14.4 8.2 7.6 
30,630 20.8 20.2 16.9 12.6 7.5 5.9 


16,440 22.4 21.9 18.7 14.0 
4,590 28.1 28.2 29.1 21.7 
1,230 32.9 35.1 40.7 33.4 


The data presented in Table | also give an idea of the 
reproducibility of the results for specimens having this 
degree of polished surface. A surface polished with 2/0 
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emery cloth is actually quite rough. The contact re- 
sistance varied over a three to one range for these speci- 
mens. 

Measurements of contact resistance by the two meth- 
ods at constant pressure and varying current gave similar 
results. Differences between the two methods were in- 
dependent of the current values. 

The difference found in the contact resistance as deter- 
mined by the two methods may be ascribed to several 
causes. The three which are most reasonable are: 

First: Variations of current distribution between 
needles 1 and 2 and needles 2 and 5. This may be due to 
non-uniform contact resistance over the contact surface. 
The variation of contact resistance over a surface has 
been discussed by Sidorenko.’ 

Second: The needles give an average value of re 
sistance as they are some distance from the contact area. 
The probes, on the other hand, may measure the local 
contact resistance value. 

Third: The time interval involved in the measure- 
ments. The measurement of the contact resistance by 
needle electrodes required two separate balances of the 
Kelvin bridge, whereas the probes required only a single 
measurement. It takes approximately five minutes to 
obtain a complete balance of the bridge. 

With careful setting up the differences were found to 
be small and the results reported in the balance of the 
paper are all based on needle measurements. Tests are, 
however, under way on other materials using both 
probes and needles. The results will be reported in a 
later paper. 


RESULTS 


Typical results are given below for 25-point carbon 
cold-rolled steel and for commercial aluminum cylindri- 
cal"specimens. A separate set of specimens was used for 
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each test and each set of specimens was prepared by the 
standard methods already described. The data show 
the variation of contact resistance for the condition of 
constant current and varying pressure and for constant 
pressure and varying current. The values of contact 
resistance reported were determined from needle elec 
trode measurements, and are expressed in micro-ohms 
per square inch of contact surface area. 

Data are also presented showing the effect of the con 
tact resistance upon the temperature at the contact 


CONTACT RESISTANCE 


Constant Current— Variable Pressure 


A set of five curves taken on three pairs of cold-rolled 
steel specimens and on two pairs of aluminum specimens 
is shown in Fig. 5. In each test the current was held 
constant while the pressure was varied from 1230 psi 
to 40,500 psi. Curves are given for the steel specimens 
at 100, 300 and 500 amperes and for the aluminum speci 
mens at 100 and 350 amperes, respectively 

The curves are plotted on log-log paper and are in 
general straight lines’ or broken straight lines for the 
steel specimens, except for the 100-ampere curve. The 
curves for aluminum are, however, not straight lines. 
The slope of these curves is in general less than that re 
ported by Studer' for sheet materials. This is due to the 
rigidity of the cylindrical specimens used as compared 
to the flexibility of sheets. There is no appreciable 
change in total contact area with pressure in the cylin 
drical specimens. 

In the case of steel specimens the change in contact 
resistance with pressure is most rapid in the range from 
0 to 10,000 psi. At pressures above 10,000 psi the change 
is relatively slow. The slope of the curves shows that 
the decrease in contact resistance which takes place 
initially with pressure is more rapid at the high values 
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of current than at the low values. Under high current 
conditions the small contact points on the surfaces de- 
form readily at relatively low pressure because of the 
softening due to heating. 

At a current of 100 amperes for the steel specimens and 
for both sets of aluminum specimens, which had low 
contact resistance, the heating of the contact area was 
much less and therefore the deformations did not occur 
so rapidly at low pressures. 


Constant Pressure— Variable Current 


The results of a series of runs are given in Fig. 6 for 
cold-rolled steel specimens at constant pressure and 
varying current. In each run the pressure was main- 
tained constant at a given value while the current was 
varied from a low value to 600 amperes. Curves of con- 
tact resistance versus current and of temperature at the 
contact versus current are given for five pairs of speci- 
mens at constant pressures of 1230, 4590, 17,850, 25,850 
and 33,630 psi. The results of two typical runs on 
aluminum specimens at pressure of 4590 and 33,600 psi 
under the similar current condition are given in Fig. 7. 

The contact resistance varies in a more or less erratic 
manner with current at low pressures as may be seen 
from the curves in Figs. 6 and 7. At the higher pressures 
the variation is more regular. The curves show clearly, 
however, that there is a decrease of contact resistance 
as the current through the specimens is increased and the 
temperature of the contact area raised. 

This again suggests a softening and yielding of the inti- 
mate contact points on the contact surfaces under the 
combined influence of temperature and pressure. The 
trend of the curves indicates that for the type of specimen 
studied, the contact resistance would reach a very low 
value at currents approaching 1000 amperes. 

The temperature versus current curves of Figs. 6 and 7 
show that the equilibrium temperatures attained by the 
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contact surfaces at any given value of current are highest 
at the lower pressures as would be expected. The range 
in temperature found for the steel specimens is syr- 
prisingly large. At the lowest pressure and 600 amperes 
the temperature was 495° C. while at the two high 
pressure runs it was only 280° C. at the same current 
In the case of the aluminum specimens there was less 
variation in temperature with pressure than for the 
steel specimens because the change in loss at the con. 
tacts was less than in the case of the steel specimens 


EFFECT OF CONTACT RESISTANCE ON TEMPERATURE 
AT THE CONTACTS 


Thermocouples were placed along the axis of the speci- 
men as shown in Fig. 3 (6). These couples were used to 
determine the temperature of the specimen at equilibrium 
conditions (see Measurement Procedure). The readings 
obtained from these couples gave the temperature 
gradients along the specimen axis and by interpolation 
it was found possible to determine the temperature at 
the contact surface. The method of interpolation con- 
sisted of plotting the individual temperature readings 
against distance from the contact surface and extending 
a straight line drawn through the points (see Fig. §). 
The accuracy of this procedure was checked in a number 
of runs by placing a thermocouple directly at the center 
of the contact surface, and was found to be correct to 
within three degrees Centigrade. 

In Fig. 8 are given a series of typical curves taken from 
a run at a constant pressure of 8510 psi and varying cur- 
rent on cold-rolled steel. The abscissa is the distance in 
inches of the respective thermocouples below and above 
the contact, which is indicated by O. The ordinates are 
temperature in degrees Centigrade. The contact tem- 
peratures at the various values of current are given by 
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the intersections of the lines drawn through the individual 
couple readings and the vertical line drawn from O. 

At 50 amperes the temperature was uniform and 
equal to the ambient temperature. As the current was 
increased the curves become similar to an inverted V. 
The shapes of these gradients illustrate the effect of the 
contact resistance on the temperature distribution. 

The effect of pressure on the temperature gradient is 
illustrated in Fig. 9, which gives the results of a test on 
one set of steel specimens at a constant current of 400 
amperes and at three different pressures. Increasing 
pressure, through the lowering of the contact resistance, 
reduced both the magnitudes of the temperatures reached 
and the steepness of the gradients. This clearly indicates 
the importance of the contact resistance in determining 
the temperature at the contact. 

The effect of contact resistance on the contact tempera- 
ture is further shown by the curve in Fig. 10. The data 


for this figure were taken from a test on specimens whose 
contact resistance was extremely low. The curve shows 
that the maximum temperature occurred at a point above 
the contact. The heating was mainly caused by power 
loss in the body resistance. A test made on a continuous 
cylindrical steel rod, five inches in length, placed in the 
holders in the normal manner, also had its highest tem 
perature near the upper holder. The presence of the ball 
bearing in the upper holder of the testing machine re 
duces the thermal conductivity in that direction, and 
thus influences the location of the hottest point. 

These data clearly show the influence of the contact 
resistance on the temperature at the contact. If the 
contact resistance is negligible, the heating is the result 
of the flow of current through the material alone. An 
appreciable value of contact resistance adds materially 
to the heating at that locality, which is the point where 
the weld occurs. 


CONCLUSIONS 


The following conclusions may be drawn from this pre- 
liminary study: 

1. The investigation has led to the development of 
suitable specimens and of a method of studying the 
actual contact resistance existing between metallic sur 
faces. 

2. The contact resistance decreases with increasing 
pressure for 25-point carbon cold-rolled steel and com 
mercial aluminum. 

3. The contact resistance also decreases with heating 
of the contact areas. 

4. The initial decrease of cdntact resistance with 
pressure is greatest at high temperatures. 

5. The temperature attained at a contact carrying a 
given current depends upon the contact resistance. 

6. The temperature attained by a contact, carrying 
current and under pressure, is a function of both current 
and pressure. If high-initial contact resistance is desired 
then the initial pressure should be of a relatively low 
value. 
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METALLURGICAL CHANGES AT 


Welded Joints and the Weldability 


By ROBERT H. ABORN' 


ANY welds which fail, fail not in the weld itself, 
M but in a zone immediately adjacent to the weld. 
The reason for this is that while the weld is being 
made, no matter by what process, this zone is unavoid- 
ably heated momentarily to a maximum temperature 
ranging downward continuously from the melting tem- 
perature of the steel with increasing distance from the 
weld. Such heating induces in this zone structural 
changes which at any point are determined by the maxi- 
mum temperature, the length of sojourn at that tempera- 
ture and, more particularly, by the rate of subsequent 
temperature drop at that point; for this rate, if too great, 
will produce a zone of undesirable structure. The maxi- 
mum safe rate depends upon the composition of the steel, 
because all ordinary alloying elements (including car- 
bon) retard the austenite transformation; also upon the 
maximum size of the austenite grains formed near the 
weld while it was being made. From this metallurgical 
point of view any steel can be welded satisfactorily pro- 
vided that a sound bond can be made and that due pre- 
cautions are taken to insure that no zone cools so rapidly 
as to result in the formation of the brittle constituent- 
martensite. Such a limiting cooling rate can be esti- 
mated from the isothermal transformation diagram (S 
curve) of the particular steel, and specified exactly if the 
transformation behavior during continuous cooling is 
known. The principle is clear; its application requires 
consideration of all factors which, in a given case, in- 
fluence the rate of temperature drop in the potentially 
dangerous zone near the weld—for instance, the thickness 
and initial temperature of the parent metal, the type of 
welding process and how it is conducted. The aim of 
this paper is to set forth the situation briefly outlined 
above, and finally to discuss briefly some of the charac- 
teristics of weld metal and of dimensional changes which 
occur in welding. 

The making of any weld involves two metallurgical 
processes: (1) the primary process of uniting the sur 
faces by localized melting, followed by freezing at the 
weld; (2) the unavoidable heating, and subsequent cool 
ing, of a zone of the parent metal adjacent to the weld. 
The zone of molten metal may range from very thin, as 
in forge welding, to a substantial proportion of the joint, 
as in thermit welding. Likewise the zone of heat-al- 
tered parent metal may be narrow or wide; but whatever 
its width, there is bound to be a sequence of structures, 
whose precise character and extent depend upon the 
conditions of welding. 

The several structure zones are shown clearly in Fig. 
1, a macrograph of an etched cross section of a single 
pass fusion weld joining two pieces of l-inch mild steel 
plate, together with a diagram indicating the approxi 
mate maximum temperature reached in each zone while 


* To be presented at the Annual Meeting, A. W.S., Cleveland, Ohio, Oct. 21 
to 25, 1940. Contribution to the Industrial Research Division, Welding Re 
search Committee 

t Research Laboratory, United States Steel Corporation, Kearny, New 
Jersey 
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the weld was being made. A is the metal which was 
melted and then frozen; C is unaltered parent metal: 
B, the heat-altered metal, comprises several distinct 
zones, which will be discussed in some detail. 

The Altered Parent Metal Adjacent to the Weld.—The 
heat generated at the weld spreads out by conduction 
into the adjacent metal and sets up in it a steep tempera 
ture gradient, from the melting temperature down to the 
original temperature. We are interested particularly in 
the gradient in a plane perpendicular to the line of the 
weld. This gradient changes rapidly because of the 
diminishing supply of heat as the source of heat recedes 
from the plane under consideration. The consequence 
is that, within a certain distance of the weld line—this 
distance depending, as we shall see, upon the type and 
conditions of welding—the temperature of the metal 


Fig. 1—Macrograph of a Single Pass Weld with Prior Thermal Conditions 


\ TMERMAL CONDITIONS IN A 
\ STEEL FUSION 


Fig. 2—Microstructures Typical of the Heat-Affected Zones of the Parent 
Metal in a Mild Steel Weld. Micrographs 150 X 
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SCHEMATIC REPRESENTATION OF THE GENERAL RELATION 
OF TEMPERATURE, MICRO-STRUCTURE AND COOLING 
iN A MILD STEEL WELD. 
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Fig. 3 


rises to some maximum and then immediately begins to 
fall off. The metal reacts normally to this ‘“‘heat treat- 
ment,’ with the result that in the finished joint there are 
(as in region B, Fig. 1) a succession of structures located 
on surfaces roughly parallel to the interface with the 
weld metal. This altered parent metal comprises, in 
three fairly distinct zones, the several products formed 
on cooling: (1) a zone in which the steel was at high 
enough temperature sufficiently long to form coarse 
austenite grains; (II) a zone in which the austenite 
grains remained fine; (III) a narrow transition zone, 
which had never been wholly austenitic, between zone 
II and the unchanged parent metal.' A typical micro 
graph of each of these three final structures in a satis 
factory welded joint and of the unaltered mild steel is 
shown in Fig. 2, and collated with the corresponding 
macrostructure. Figure 3 is a schematic representation 
to illustrate what has just been stated, concerning the 
variation of the maximum temperature reached, the 
corresponding structure and the subsequent change of 
temperature with time (cooling curve) at several points 
along a line perpendicular to the direction of the weld. 

These structural zones are always present in any weld 
which has not been heat treated as a whole; they may 
be relatively broad, as is illustrated in Fig. 1, or so nar- 
row as to be hardly visible. Their width and character 
depend upon the conditions of welding, in particular upon 
the heat input per unit length of weld and upon the rate 
at which this heat is dissipated mainly by conduction 
into and through the adjacent metal, since these are the 
factors which determine the rate of fall of temperature 
in and about the weld. These factors are represented 
schematically in Fig. 4 (2) and will be discussed in some 
detail. 

Rate of Input and of Dissipation of Heat at the Weld. 
The rate of heat input per unit length of weld varies 
with the type of welding process and with the conditions 
of welding. In electric welding this rate may be increased 
by the use of a larger current (or arc voltage) value, in 
gas welding by a larger fuel consumption, and in both 
processes by reducing the rate of travel of arc or torch 
The are-voltage factor is probably of more theoretical 
than practical interest as it is seldom an independent 
factor, variable at will. When it is not desirable or ad- 
vantageous to alter substantially either the energy sup- 


1 It is to be noted that minor changes in the original parent-metal structure 
such as incipient spheroidization of the carbide phase, occur in a narrow tem 
perature region just below zone III. These changes do not appear to con 


ap significantly to the properties of the joint and therefore are not treated 
in detail 
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ply or the speed, we may still control the cooling of a 
weld by attention to the rate of heat dissipation. 

The rate of fall of temperature in and about the weld, 
which is what determines the structure and properties 
of the metal, depends upon the ratio of rate of heat in- 
put to rate of heat dissipation. The factors controlling 
this dissipation in weld metal, base metal, slag and ma 
terial (such as a backing ring) in contact with the joint 
are (a) thermal diffusivity, defined as thermal conduc 
tivity divided by specific heat per unit volume; (0) 
radiation and convection from the surface; (c) dimen 
sions, particularly the thickness of the base metal; (d) 
gradient of temperature, which is greater with greater 
degree of localization of the heat input (e.g., are vs 
torch) and with lower initial temperature of the base 
metal (and surroundings). 

Any increase in the magnitude of these factors pro 
duces a faster flow of heat, which leads to a faster cooling 
for a fixed rate of heat input. In general, the factors not 
variable at will are: thermal diffusivity which varies 
but little among carbon and low-alloy steels; convection 
which appears to play a minor réle; and radiation which 
appears to play a significant part only when the ratio of 
surface to volume is high. Those factors which the 
welder is more likely to have at his command are indi 
cated by heavy arrows in Fig. 4 (a), and are combined 
in Fig. 4 (6) to represent in schematic form the heat 
balance of an are weld; this balance which is not static 
but moving determines the cooling rate 

Let us now consider a section in a plane perpendicular 
to the direction of welding, such as is illustrated sche 
matically in Fig. 3. The maximum temperature 1s 
highest in weld metal, consequently its rate of cooling 
through any given temperature range is likewise highest 
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Steel, Depicting the General Relation Between 
Transformation Temperature and Nature of 
the Product 

This high rate of cooling is, however, not deleterious so 
far as the resultant microstructure is concerned, pro- 
vided that the weld metal is a relatively low-carbon steel, 
as is nearly always the case in ordinary structural weld- 
ing. With increasing distance from the weld, the maxi- 
mum temperature reached decreases progressively, with 
a corresponding lessening of the rate of cooling, as illus- 
trated in Fig. 3 by the cooling (temperature-time) curves 
C, B, A, the slope of which at any given temperature 
decreases in that order. On this basis it is clear that the 
cooling rate of the coarsest region—the upper end of zone 
I in Fig. 3—is greater than that at any other point in the 
parent metal. This combination of coarsest grains and 
fastest cooling makes this location the most susceptible 
to trouble of any region in the parent metal. From the 
viewpoint of final microstructure alone, the rate of cool- 
ing has little influence until the temperature reaches the 
level at which the austenite can begin to transform. The 
temperature range within which the transformation oc- 
curs when a weld is properly cooled is shown schemati- 
cally in Fig. 3; the slight humps on the cooling curves 
indicate the heat evolved during the transformation. 
If the coarsest, most susceptible region remains long 
enough within this upper transformation range, then all 
of the austenite in the parent metal necessarily trans- 
forms to a relatively tough, desirable microstructure of 
the pearlitic type such as is shown in Fig. 8; but if the 
rate of cooling is so fast that the time interval within 
this temperature range is too short, the residual austenite 
then transforms, at a much lower temperature, to a 
brittle, undesirable, martensitic structure illustrated in 
Fig. 9. The minimum time interval and the correspond- 
ing maximum permissible rate of cooling which insure 
absence of martensite depend upon the composition and 
grain size of the austenite, as will be shown later. 

The essential point is that there is a continuous grada- 
tion of maximum temperature reached, consequently of 
rate of cooling; and that the steel at any point responds 
precisely to the particular temperature-time schedule 
(“heat treatment’) which the conditions at that point 
happen to impose. It follows that we can alter the final 
structure of the steel at any given point only in so far 
as we can control the rate of cooling within the tempera- 
ture range which determines the structure. This point 
will be more readily understood after a brief review of 
the influence of temperature, and of time at temperature, 
upon the structure—hence the properties—of a carbon or 
low-alloy steel. 
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Influence of Heating and Cooling Upon the Structure; 
The S-Curve.—A piece of ordinary steel, when heated, 
expands regularly until it reaches a certain temperature, 
characteristic of its composition, when it begins to con- 
tract suddenly; this is the signal that it is transforming 
from a mixture of ferrite and iron carbide to the solid 
solution—austenite. This austenite is initially fine 
grained, but with increasing temperature it coarsens 
The temperature range within which this coarsening 
occurs rapidly depends to a large extent upon how the 
steel was made, but this only alters the width of the 
coarsened zone, other things being equal. At any weld, 
therefore, there are two easily regognizable zones which 
temporarily were coarse and fine-grained austenite, 
respectively, and these, on the subsequent cooling, im- 
pressed certain characteristics upon the final structure. 

The reason for this is that austenite on cooling begins 
measurably to transform, not instantaneously, but only 
after an appreciable interval, and the transformation 
then proceeds at a measurable rate. This characteristic 
behavior is readily recognized when the austenite 1s 
made to transform at constant temperature. Such an 
experimental approach involves: (1) the heating of 
small specimens to make them fully austenitic; (2) the 
quenching of these specimens into a bath held constant 
at the desired transformation temperature, which must 
be reached by the whole specimen while it remains fully 
austenitic; (3) the transformation of the austenite in the 
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constant-temperature bath. The progress of this trans- 
formation may be followed by several methods; one 
method is to withdraw the specimen after a predeter- 
mined interval in the constant-temperature bath, to 
quench it in brine and to estimate the proportion of trans- 
formation product other than martensite’ in the micro 
structure. The application of this method to a sufficient 
number of temperature levels leads to the so-called ‘‘S- 
curve,’ or isothermal transformation diagram of Fig. 5. 

This diagram shows the time required for the visible 
onset (left curve) and the substantial completion (right 
curve) of the transformation, as well as the nature of the 
product at any temperature level.’ 

It must be understood that for any one temperature 
the structure of the transformation product, and there- 
fore the properties, is characteristic of that tempera- 
ture; but, at different constant temperatures of trans- 
formation, there result a series of graded structures, as 
indicated in Fig. 5. It is to be especially noted that 
there is an upper temperature region of relatively rapid 
transformation, above which the product is lamellar or 
pearlitic, and below which it is of the rapid-etching acicu- 
lar type. At the lower temperature region of rapid 
transformation the product is the very hard, brittle 
type known as martensite. 

The position of the curves on the time scale depends 
markedly upon the composition of the steel, which also 
modifies the shape of the curves. Thus, in steels such as 
are commonly welded, any alloying element so far inves- 
tigated, with the exception of cobalt, when dissolved in 
austenite, retards the transformation; that is, it moves 
the pair of curves to the right on the time axis. Coarser 
austenite grains developed by heating the austenite long 
enough at a higher temperature likewise displace the 
curve toward longer time intervals, as is shown in Fig. 6; 
this depicts the influence of a tenfold increase in the 
mean cross-sectional area of the austenite grains in a 


?In ordinary steels austenite cannot be preserved upon cooling to room 
temperature; however, the rapid cooling in brine causes it to transform to 
martensite which is readily distinguished from the product formed in the 
constant-temperature bath 

5 These matters have been recently summarized in E. S. Davenport's Camp 
bell Memorial! Lecture, ‘Isothermal Transformation in Steels,’’ Trans. A. S. M 
27, 837-886 (1939). 


Fig. 9Typical Micro-Cracks in High-Carbon Martensite. 
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given steel on the time required for the austenite to trans 
form in the upper region of transformation. The signifi 
cance of this difference in the S-curves is that two steels, 
which differ in composition or in grain size, will yield 
different final structures, even though both are cooled 
identically, because transformation will not occur in the 
same range of temperature in each. This will be clearer 
from a consideration of transformation on continuous 
cooling, instead of at constant temperature. 

Transformation on Continuous Cooling Compared with 
Transformation at Constant Temperature.—The S-curve 
refers specifically to transformatien at constant tempera 
ture, but an analogous temperature-time diagram relat- 
ing to transformation during continuous cooling may be 
derived from the S-curve and checked by appropriate 
experimental observations.‘ This type of curve depicts 
the transformation behavior as affected by various con- 
stant rates of continuous cooling through the transfor- 
mation range. Let us therefore contrast Fig. 5 with 
what we would observe by continuous cooling of the 
corresponding steel as depicted in Fig. 7. It is to be 
noted that there are three main structure zones in Fig. 
5—lamellar, rapid-etching acicular and martensitic 
while in Fig. 7 the rapid-etching acicular zone is essen- 
tially missing. The latter diagram (Fig. 7), representing 
transformation on continuous cooling, consists essen- 
tially of two separate branches, the upper zone (P) 
representing the transformation to lamellar or pearlitic, 
the lower zone (./) to martensitic, structures. With an 
infinitely slow rate of cooling through the transformation 
range, the upper end of the pearlitic branch would coin- 
cide with the corresponding portion of the isothermal 
diagram; with faster and faster rates of cooling, the 
pearlitic branch lies progressively more and more be- 
neath, and to the right of, the isothermal S-curve in this 
region. This divergence, however, does not appear to be 
large according to experimental results recently ob- 
tained; and they indicate a fairly definite relation be- 
tween the curve of transformation at constant tempera- 
ture and that for continuous cooling. 

Nevertheless, as it is the cooling type of diagram which 
alone is precisely applicable to welding (or to any ordi 
nary heat-treating operation) we shall briefly discuss an 
idealized diagram for a 0.8%, carbon steel (Fig. 7), 
selected for its simplicity and convenience, notwithstand- 


4 The relation of this diagram to the isothermal transformation S 
several steels has been derived empirically and checked experin 
R. A. Grange and J. M. Kiefer of this 
in a current Amer. Soc. for Metal 


curve of 
ientally by 
i} 


Laboratory, and i 


paper 


presente them 


417-: 


i 
| 
| 
| | 2 


ing that this type of steel is not ordinarily welded. The 
coordinates, as on the S-curve, are again temperature and 
time, the latter on a logarithmic scale. Several cooling 
curves, A to £, are plotted, each representing a constant 
rate of continuous cooling from 1340” F., the tempera- 
ture below which austenite becomes unstable in this 
steel. The actual cooling may start from any tempera 
ture above 1340° F., but in this steel it is only the rate of 
cooling below 1340° F. which is significant with respect 
to the final microstructure. In order to determine this 
diagram, small specimens of this steel would be heated 
to some temperature above 1340° F. to make them aus 
tenitic, and then continuously cooled through and below 
1340° F., first at the relatively slow rate represented by 
curve A (Fig. 7). If such specimens are brine quenched 
after successively longer time intervals such as (1), (2) 
(3) and (4), one can determine both the temperature and 
the time when visible transformation of the austenite 
begins and when it is completed for the particular cooling 
rate represented by curve A. In this instance the trans 
formation of austenite to pearlite begins visibly at (2) 
and is substantially complete at (4); further cooling 
along curve A, e.g., to point (5), produces no further 
appreciable change in structure. The product of a cool 
ing rate as slow as (A) is coarse pearlite having a Vickers- 
Brinell hardness in the vicinity of 200, as indicated at 
the bottom of the chart. Applying the same technique 
to faster cooling rates, we find that curve C represents 
the fastest constant cooling rate at which austenite es 
tablished at a given high temperature in a steel of this 
precise composition can transform entirely to pearlite 
(6), which is unaltered by further cooling to (7). It 
may be noted, however, that it is considerably harder 
than the pearlite (4) because of the lower temperature 
range in which pearlite (6) is formed. 

In specimens cooled at a rate somewhat faster than is 
represented by curve C, the austenite begins to transform 
to pearlite at a still lower temperature (in the vicinity 
of 1000° F.), but the time interval in zone P is insuf- 
ficient for its complete transformation. That which has 
not transformed remains unchanged until it cools to 
below about 400° F., when it transforms to the very 
hard, brittle product—amartensite. Specimens cooled 
along curve LD just fail to form any pearlite and thus 
transform at a relatively low temperature to a fully 
martensitic product (8), while specimens cooled at still 
faster rates, such as #, transform to slightly harder mar- 
om tensitic structures because they formed at even lower 
| temperatures. There are thus two temperature zones, 
indicated by the shaded areas of Fig. 7, in which continu- 
ously cooled austenite can transform: Zone P in which 


= the product is pearlite or, more broadly, a ferrite-carbide 
~ aggregate, and zone M in which the product is marten- 
sitic. 

a When a fully martensitic structure is desired, as in a 


hardening treatment under continuous cooling condi- 
tions as depicted in Fig. 7, the minimum requisite cooling 
rate is represented by curve D. For welding, however, 
where excessive hardening is to be avoided, the maximum 
safe cooling rate is considerably slower and is represented 
; by curve C. Thus satisfactory weldability is the antith- 
: esis of satisfactory hardenability. In terms of Fig. 7, 
: it may be said that in hardening we aim to miss the 
pearlite zone (P), while in welding we aim to cross the 
right-hand boundary of this zone, and the easier it is to 


Fig. 12 (Center)—Macrostructure and Hardness Survey of a Cross Section 
of a Fillet-Welded Joint Parallel to That Shown in Fig. 11. Three 
Cracks May Be Seen Adjacent to the Small Under-Bead. 5X 


Fig. 13 (Bottom)—Macrostructure and Hardness Survey of a Cross Section 
of */s-Inch Low-Alloy Steel Plate Adjacent to a Tack Weld. Which Sepa- 
rated from the Parent Metal. 6 X 
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Fig. 1l—Macrostructure and Hardness Survey of a Cross Section o: 


Fillet-Welded Joint of */s-Inch Low-Alloy Steel Plate and Angle. 3° 
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cross it the better the weldability. Expressed structu- 
rally, we want pearlitic structures and not martensitic 
structures. 

The desirable microstructure, from a welding view- 
point, in a high-carbon steel is indicated in Fig. 8, show- 
ing the influence of cooling rate on the fineness and hard- 
ness of pearlite. The cooling rate in an actual weld gener- 
ally leads to the finer and harder pearlites, resolvable 
only at the highest magnification. The structure to be 
avoided in welds is shown in Fig. 9—hard, brittle marten- 
site, very susceptible to cracking as may be seen from the 
micro-cracks which are present. 

The position of the pearlite zone (P) in Fig. 7 is a func- 
tion not only of the composition of the steel but also of 
the austenitic grain size, which depends upon the heating 
temperature at which the austenite was established and 
the time interval at that temperature.® In general, the 
higher the heating temperature, and the longer the time 
at that temperature, the greater the displacement of the 
zone (P) toward longer time intervals, primarily owing 
to the fact that coarse austenite grains are more reluctant 
to transform than are fine austenite grains, other things 
being equal. This change, from the viewpoint of the 
behavior on cooling, means that the curve representing a 
given rate of cooling intersects the pearlite zone (/) 
either at a lower temperature or, quite possibly, not at 
all. Thus, if curve C is the maximum safe cooling rate 
for the particular steel in Fig. 7, cooled from a tempera- 
ture such as 1600° F., curve B may represent the maxi- 
mum safe rate for the cooling of the coarsest region 
(highest temperature in austenite range) of a single-pass 
fillet-welded joint of the same steel. It is for this reason 
that the most important diagram relative to the trans- 
formation of cooling parent metal in a welded joint is the 
one depicting the behavior of the region of the coarsest 


* The whole subject of grain size in steel has been simply and fully pre- 
sented by J. R. Vilella in a Joint A. S. T. M.-A. S. M. E. Committee Report, 
Mechanical Engineering, April 1940 
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austenite, for if, by appropriate adjustment of the fac 
tors previously described and illustrated in Figure 4 (a), a 
safe cooling rate is assured for this region, a safe cooling 
rate is automatically imposed on the remainder of the 
parent metal, which must of necessity cool more slowly, 
as shown in Fig. 3. 

Approximate Method of Estimating the Maximum Safe 
Cooling Rate from the S-Curve—-The experimental deter 
mination of the transformation behavior during continu 
ous cooling of a given steel is much more difficult than 
the corresponding measurement of transformation occur 
ring at constant temperature (S-curve). It therefore is 
a matter of practical importance to examine the relation 
between the two types of diagram, in order to ascertain 
whether there is an adequate basis for estimating from 
the S-curve the data needed for application to welding 
problems. The diagram representing transformation 
during cooling (Fig. 7) always lies below and to the right 
of the corresponding S-curve (Fig. 5) and recent work at 
this laboratory indicates that the vertical and horizontal 
displacement at the points significant in welding appears 
to have a fixed relation to the corresponding points on the 
S-curve as follows: 

The downward displacement of point (6) in Fig. 7 
compared with point (F) in Fig. 5 is approximately 100 
F., and when the austenite grain size is the same for both 
diagrams the rightward displacement is approximately 
50°, of the time interval /; in Fig. 5. Thus, the coordi- 
nates of the two points are related as follows 


Te = Ti 100 (all units in ~ F 
and 
t = 


Now, since in the weld we have fo deal with coarse aus 
tenite grains’ and whereas the S-curves now available 
are generally based upon fine-grained austenite, we must 
apply another factor to compensate for the more sluggish 
behavior of coarse-grained austenite as compared with 
fine-grained austenite. The numerical value of this fac 
tor, as shown in Fig. 6, is approximately 2, since = 
2t4,, and it may be noted that the coarse-grain curve 


Coarse-grained austenite is defined in A S T. M pecification E10-391 
as an aggregate of such grains whose number per ! l 
when the polished and etched section i 
diameters 


viewed at 


Fig. 15—Macrograph of a Fifteen-Bead Butt Weld in Mild Steel, Reveal- 

ing Two Types of Structure, the Darker Areas Representing Unrecrystal- 

lized Weld Metal, and the Lighter Areas (R) Representing Recrystallized 
Weld Metal. 2 X (After Bibber and Ellinger) 
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Table | 
Calculated Maximum Safe Cooling Rates in the Weld of a i 1 : 
Alternative Alternative Relative 
Mis. Safe Max. Safe Min. Safe Max. Safe Order of 
Time Interval Avge. Cooling Time Interval Avg. Cooling Mex. Safe 
4g) Temp. Temp. between Rate Between between Rate Between Cooling Rate 

Steel (M%j=100) and(t-100) 1 (T,-100) and 650°F, Tp end 60°F, (Based on 

Ime. Mo (sees) F./mis.) St' (Sec.) r’ (°v,/min.) Microstructure) 

1 46 -- -- -- 1330 950 5 4600 195 210 2 
| 46 -- -- -- 1330 950 6 3800 420 7 4 
Carton -- -- 1330 925 13 1900 960 43 8 
50 91 -- -- -- 925 15 1800 600 ? 
-& 1,13 -- -- -- 1310 900 60 410 1200 3s 9 
ia -65 1.32 -- -- -- 1305 900 93 260 2400 16 10 
-) 1.65 -- -- -- 1295 800 95 150 600 65 is 
42 -- -- «21 850 700 210 200 8 
Mo 0 42 -- Lo 1100 15,000 1.0 $10 a 1s 
36 -- -- io 1150 9,000 1.3 480 1? 
33 41 -- 1.96 Mo 1150 60 ,000 0.2 600 69 19 
Cor-Ten .08 26 1.10 -- 175 P 1400 1100 90** 200 9 5000 1 
37 57 -- -- 1050 75 20 420 99 
cr 42 68 -- -- 1360 1100 20 1390 600 n 
32 45 861.97 -- -- 1410 1180 720 19 690 66 20 
19 -- -- 1310 900 6 4100 300 130 3 
57 1? -- -- 1280 900 8 2900 660 57 5 
55 417) 5.88 -- 1200 900 78 250 3000 ls 
37 68 -- 3.41 1225 850 180 2400 
Cr-Ni 72 49 «61.32 -- 1305 1000 180 100 1200 3s 16 
77 -- 21 Mo 1365 1125 1,200 12 720 60 
cr-¥ 45 74 92 -- 1365 1100 150 pets) 1260 16 
Ni-Mo 36 -- 23 Mo 1280 1028 54,000 0.3 1000 22 
Cr-Mi-Mo .42 -78 1.79 .33 Mo 1500 1100 39,000 0.3 6000 7 


Note: 


The maximum safe cooling rate is the larger of the two values (r) and (r'). 


* S-curves published by this Laboratory serve as a basis for the values tabulated in the indicated columns. 


** Based upon coersened eustenite. 


shows no significant vertical displacement, so no addi- 
tional temperature correction need be applied. 

We thus find, upon combining the above estimations, 
that whenever the isothermal S-curve of a given steel is 
available and represents the transformation of fine- 
grained austenite, the maximum safe average cooling 
rate (r) of coarsened parent metal in a weld of the same 
steel is given approximately by the following equation: 


To — (Ti — 100) 
3h 


T= 


where 7) = temperature in ° F. of transformation of 
austenite to ferrite + carbide at equilib- 
rium (A@). 

temperature (in ° F.) at which isothermal 
transformation is completed in the mini- 
mum time /;. 

time interval required for completion of 
isothermal transformation of fine-grained 
austenite at the temperature 7) 

Observed values of 7) and (7; — 100) and estimated 

values of 3/,; and r for a number of steels are listed in 

Table 1. 


If the available isothermal S-curve represents the 
transformation of coarse-grained austenite, the equation 
is modified as follows: 


To — (7, — 100) 
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where # = time interval required for completion of iso- 
thermal transformation of coarse-grained 
austenite at the temperature 7}. 


It is to be noted that the average cooling rate (r) ap- 
plies only to the temperature interval between 7) and 
(JT; — 100° F.), which for carbon steels lies approxi- 
mately between 1300° and 900° F., and it is to be further 
noted that the rate need not be constant, the only re- 
quirement being that the time interval required for the 
coarsened zone to cool from Ty to (7; — 100° F.) be not 
less than 3/; (or 1.5f2). 

Any cooling rate less than the value (r) will yield a 
tough and relatively soft, essentially lamellar micro- 
structure. If, however, the cooling rate (r) is slower than 
can be achieved practically in welding, as happens with 
many alloy steels, it is still possible to avoid the brittle 
martensitic structure by taking positive measures to 
cool under conditions which insure the completion of 
transformation at or above about 650° F. It now ap- 
pears that, unless transformation to pearlite occurs dur- 
ing cooling, the minimum time required for completion 
of transformation at or above about 650° F. in continu- 
ously cooled austenite can be approximated by tripling 
the time (¢’) required for isothermal transformation at 
650° F. as read from the S-curve of the steel.?- This time 
interval may be converted to an average cooling rate 
(r’) between the temperature 7) and 650° F. This is 


’ Experimental data indicate that austenite grain size is not a significant 
factor in this case, and no correction need be applied for it. 
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the basis for estimation of the values of 7’ given in Table 
|. Again it is to be noted that r’ applies only to the tem- 
perature interval between 7») and 650° F., and also that 
r’ need not be constant, the only requirement being that 
the time interval required for the coarsened zone to cool 
from 7) to 650° F. be at least 3?’. 

The structure resulting from this alternative proce- 
dure, which generally requires preheating and concurrent 
heating, is predominantly acicular, and, while consider- 
ably harder than the corresponding lamellar structure, 
still possesses sufficient toughness to minimize the possi- 
bility of cracking. Postheating is, however, generally 
required to provide requisite softness and freedom from 
internal stress. The choice of 650° F. as a safe minimum 
temperature for completion of transformation is based 
on available data indicating that the undesirable marten- 
sitic structure begins to form below about 600—700° F. 
in steels carrying less than 0.5% carbon, which include 
all steels commonly welded. In other words, the upper 
temperature limit of the significant martensitic zone in 
Fig. 7 lies at 600-700° F. in those steels. 

These methods of calculating the maximum safe aver- 
age rate of cooling of the coarsened parent metal should 
be regarded simply as approximations subject to possible 
modification as more data become available. It is evi- 
dent that differences in weldability arise mainly from dif- 
ferences in position of the S-curve on the time axis, hence 
from differences in composition, the latter being usually 
more or less fixed by the use to which the steel is to be 
put. 

Composition of Parent Metal.—Whenever one has some 
latitude in the choice of the composition of the steel to 
be welded, it should be remembered that increasing the 
carbon content beyond about 0.3% makes the steel 
less easily weldable and that alloying elements enhance 
the influence of carbon by still further retarding the 
transformation of austenite on cooling. Thus increasing 
carbon or alloy content displaces the zone of pearlite 
formation toward the right of the cooling transformation 
diagram (Fig. 7) and increasing carbon content also de- 
presses the zone of martensite formation to lower tem- 
peratures. The influence of an alloy addition is illus- 
trated schematically in Fig. 10 comparing a plain 0.25°% 
carbon steel (1) with a low-alloy steel (II) of the same 
carbon content. The shaded areas (P1 and P2) repre- 
sent in schematic form the pearlitic zone of the cooling- 
transformation diagrams for the respective steels, while 
curves A and B represent cooling rates typical of two 


welding techniques as tabulated. With a given cooling 
rate the alloy steel always transforms at a temperature 
lower than that for the carbon steel, and therefore the 
final product is harder as indicated by the properties 
listed at the end of each cooling curve. If the cooling 
is relatively slow (curve A), the product in both steels is 
pearlitic and relatively tough. When, however, the 
cooling is sufficiently rapid as in curve B, the alloy steel 
fails to transform to pearlite because its zone of pearlite 
formation (P2) is not crossed, and thus its austenite is 
left to transform at a much lower temperature to the 
very hard and brittle product—martensite. 

It is to be noted that the primary function of pre- 
heating and concurrent heating is to provide a heat 
reservoir at an intermediate temperature, thereby re- 
tarding the cooling rate of the austenite formed in weld- 
ing. Transformation then occurs at a higher tempera- 
ture with a resultant softer, tougher product and less 
internal stress. It is thus easy to see why the rate of 
cooling during the making of the weld is so important. 
No subsequent heat treatment can possibly undo the 
damage indicated in Fig. 9, resulting from too rapid cool 
ing of coarse-grained, high-carbon austenite. A subse 
quent heat treatment can soften the hard martensitic 
structure and relieve internal stress, but it cannot elimi 
nate cracks once they have formed. 

Recently, we encountered a very interesting example 
of “‘border-line’’ conditions of cooling rate in the commer 
cial welding of a medium-carbon low-alloy steel. Dur- 
ing the fabrication of several large, latticed structures by 
shielded metal-are welding of angles, channels and beams, 
a distressing number of fillet-weld tears were encountered. 
The design called for many short, intermittent welds in 
metal ranging from */s inch to */, inch in thickness. 
Mild steel filler metal was used throughout. A macro- 
graph of a transverse section through one of the */s-inch 
fillet joints, in which the cross section of the single-pass 
weld metal and the heat-affected zone of parent metal 
are clearly revealed, is illustrated in Fig. 11. The loca- 
tion and the numerical value corresponding to each im- 
pression of a Vickers hardness survey are indicated, and 
it may be noted that the maximum hardness developed 
is 254, which is not excessive for this steel, and neither 
cracks nor martensite were found in this section. A sec- 
ond transverse section, represented in Fig. 12, affords the 
first real clue to the origin of the trouble. The presence 
of a small zone of fine, non-columnar grains at the root 
of the weld shows that a very small bead, presumably a 


Table 2 
MILD STEEL FILLER METAL WIRE AND WELD METAL CHARACTERISTICS 
FILLER WIRE WELD METAL CHARACTERISTICS 
VIEL TENSILE NOTCHED -BAR 
WELDING TYPE OF STRENGTH STRENGTH ELONG ENDURANCE (IMPACT 
PROCESS STEEL COATING N iN 2” LimiT _Les CHARPY) 
BARE veRY vEeRY 40,000 50,000 10,000 
ro ro 5-10 
METAL RIMMED THIN OXIDE To 
ARC 45,000 60,000 1$,000 
THICK; MAY eens 
45,000 000 y 
SMIEL DED CONTAIN MODERATELY 5, 60, 
METAL RIMMED CELLULOSE, TO To 30T0 20 To 20- 40 
a MINERALS, Low 60000 75,000 30,000 
FERRO- ALLOYS | 
35,000 60,000 / 
oxr- NONE, OR MODERATELY 
SI-KILLEO TO To 90 To 20-40 
45,000 75,000 30,000 
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Fig. 16—Microstructure at the Junction of Coarse-Columnar and Fine- 
Recrystallized Mild-Steel Weld Metal. 100 X 


ay 


tack weld, was deposited first, and that subsequently, 
when the large continuous weld was superimposed, its 
heat recrystallized the tack weld and softened the ad- 
joining base metal. Three cracks are associated with 
this tack weld but no martensite could be seen owing 
to the subsequent tempering by the heat involved in 
placing the upper weld. 

Now we can readily account for the origin of the frac- 
ture appearing in Fig. 13 and other transverse sections 
not shown. A tack weld having the full size of the re- 
quired continuous weld was deposited here, and subse- 
quently when the continuous weld was laid, the operator 
skipped over enough of the tack weld so that this section 
was preserved substantially in its original condition. 
Later, when the joint was subjected to a wedge-break 
test it was discovered that the tack weld had separated 
from the parent metal even before the test was applied, 
and very likely at the time the main weld was laid. 
The fractured surface parallels the interface between 
weld metal and parent metal and, except for a slight inter- 
ruption, lies entirely within the coarsened zone of parent 
metal. The structure in this zone is definitely of the 
brittle martensitic type with a maximum hardness of 
435. A similar joint made in 0.15% carbon steel ship 
plate duplicating the above conditions showed a maxi- 
mum hardness under 200 with no cracks. 

With the evidence pointing toward a small heat in- 
put and resulting rapid self-quench as the primary fac- 
tors responsible for the trouble in this low-alloy steel, a 
test was made of the ultimate in small tack welds by the 
deposition of a */j-inch globule of weld metal on the 
*/s-inch plate. The maximum hardness developed in 


Fig. 17—Microstructure Revealing Nitride Needles in Mild Steel Weld 
Metal, Deposited Presumably by the Bare-Metal Arc Process. 1000 X 


parent metal under these conditions was found to be 516 
corresponding to a brittle martensitic structure which 
etches more slowly than the section shown in Fig. 13, 
owing probably to transformation at lower temperature. 
No cracks developed, however, probably because of the 
lack of shrinkage restraint usually present in welded 
assemblies. While it is possible for self-cracking to 
occur under welding conditions which do not develop 
martensite, there can be no doubt that the capacity for 
cracking is vastly enhanced whenever martensite is 
present. Whether or not cracks actually develop in the 
presence of martensite appears to depend on the degree 
of rigidity of the joint. Such a problem as this may 
arise whenever the conditions used in welding carbon 
steel are applied to alloy steel, and as the heat input is 
least and the parent metal coldest in tack welds and at the 
start and end of continuous welds, those are tie regions 
most likely to cause trouble. 

The general solution of this problem lies in adopting 
either of two methods which can be illustrated best by 
reference to Fig. 10: (1) To move to the left the pearlite 
zone in the cooling-transformation diagram, that is, to 
accelerate the tendency of austenite to transform at 
about 1000° F. by reducing the carbon or alloy content 
in so far as is consistent with the required mechanical 
properties, or (2) to move to the right the cooling curve 
of the weld, that is, to retard the cooling rate by (a) 
reducing the rate of heat dissipation in the system 
through the use of the minimum thickness of parent 
metal consistent with a satisfactory design, or local pre- 
heating of tack-weld zones and the starting zone of con- 
tinuous runs, or (b) by increasing the rate of heat input 
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in tack welds and at the start of continuous runs through 
the use of a larger current or a lower welding speed. 

This particular problem was solved by the latter 
method through the use of a larger current and larger 
electrode. 

With increased carbon or alloy content, dangerously 
hard, brittle martensitic structures are more likely to 
result, particularly when the cooling rate is relatively 
high because of increased speed of welding, as indicated 
in Fig. 14. In this diagram the maximum hardness de- 
veloped in the heat-affected zone is compared for a series 
of carbon and low-alloy steels investigated by Theisinger® 
at several speeds of deposit of a single bead with a cur- 
rent of 375 amperes. The symbol —O- represents the 
original hardness of each '/s-inch plate; the lower shaded 
line in each rectangle indicates the maximum hardness 
with a welding speed of six inches per minute, and the 
upper solid line the maximum hardness resulting from a 
speed of twelve inches per minute. It will be noted 
that the hardness rises with increasing carbon content 
and with increasing speed of welding, and finally that 
alloy additions enhance these trends. 

Filler Metal and Weld Metal.—Turning from a con- 
sideration of the purely metallurgical changes imposed 
upon the parent metal by the welding process, we now 
wish to discuss some of the characteristics of weld metal, 
but only briefly, as it has received such wide attention 
in many publications. 

The melting process may involve only the parent 
metal, as in all pressure processes and in thin non- 
pressure welds, or it may involve added filler metal, as in 
all non-pressure processes applied to thicker sections. 
Whatever its source, the molten pool is in effect a minia- 
ture heat of steel, and therefore is affected by anything 
in its surroundings which can react with it. Thus, it is 
impossible to produce high-quality weld metal in non- 
pressure (fusion) welding without some artificial protec- 
tion known as shielding. Shielding is generally accom- 
plished in gas welding by the use of a slightly reducing 
flame and in arc welding by use of a suitably coated elec- 
trode, the coating supplying a reducing atmosphere and 
a protective slag. 

The influence of shielding is demonstrated in Table 2 
which shows some of the characteristics of three common 
types of filler metal and the corresponding weld metal. 
It will be noted that bare metal-arc welds are relatively 
high in oxygen and nitrogen and are distinctly inferior 
to shielded metal-are or to gas welds in all mechanical 
properties, particularly so with respect to ductility, 
resistance to fatigue and to notched-bar impact. In 
arc-welding practice, rimmed (or effervescing) steel 
filler wire is generally used, while silicon-killed steel 
filler wire is commonly used in oxyacetylene welding, 
the added silicon acting presumably to provide a flux 
and to lessen oxidation of carbon and iron. 

Alloy Filler Metal——In making low-alloy structural 
steel joints, mild steel filler metal is commonly used, 
unless a weld metal exceeding 70,000 psi tensile strength 
is required. Some transfer of alloying elements to weld 
metal through the melting of a certain amount of the 
parent metal invariably occurs and thereby contributes 
to the tensile strength of the weld metal. For higher 
strength weld metal, low-carbon 0.5% molybdenum 
steel filler metal is often used in arc welding, and low- 
carbon nickel, nickel-chromium or manganese-silicon 
steel filler metal for gas welding. Where special prop- 
erties are desired, such as notch toughness at low tem- 
perature or resistance to creep or to severe corrosion, the 


er’ G. Theisinger, Irom Age, Oct. 15, Dec. 17, 1936; Feb. 25, March 4, 
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corresponding properties of the weld metal should not 
be inferior to those of the parent metal 

If the filler metal differs widely in chemical composi 
tion from the parent metal, the resulting weld metal, 
owing to the melting of some parent metal, comprises 
structures of intermediate composition, and these, since 
they are almost certain to respond differently to any 
given treatment, therefore require special consideration 
if trouble is to be avoided. The possibility of differences 
in coefficient of thermal expansion, mechanical proper 
ties and corrosion resistance must all be taken into ac 
count. Possibly the extreme example is that of aus 
tenitic weld metal with ferritic parent metal, in which an 
intermediate martensitic zone is almost inevitably pres 
ent if the parent metal is of carbon or low-alloy steel. 

Under some conditions, such as the joining of thin 
sections of 5% chromium steel with a single bead of 18% 
chromium —S8% nickel weld metal, this martensitic zone 
may comprise a large proportion of the weld metal. 
Under other conditions the zone may be so narrow as to 
be entirely missed in any ordinary hardness survey of a 
transverse section, and the detection of such a narrow 
zone in the microstructure is sometimes uncertain. Ina 
recent example in which 18-8 filler metal was used to 
join low-carbon steel plates, the presence of a martensitic 
fringe in austenitic weld metal adjacent to the fusion 
line was confirmed by microhardness measurements.’ 
These measurements indicated a Vickers hardness in 
excess of 400 in this zone, whose width averaged approxi 
mately 0.001 inch. There is no evidence as yet that a 
layer, so thin and flanked on each side by soft ductile 
metal, has any deleterious effect on the joint, but its 
existence is beyond doubt. 

In an intermediate range of alloy content, such as 
occurs within a concentration gradient ranging from high- 
alloy austenitic weld metal to low-alloy or carbon steel 
parent metal, martensite may form even with slow cool 
ing, because the pearlite zone (corresponding to P in 
Fig. 7) is far to the right." The extent of martensite 
formation appears to be determined by (1) the composi 
tion of the austenitic filler metal, (2) the composition of 
the ferritic parent metal, (3) the conditions of welding 
and (4) the ratio of weld metal volume to fusion surface. 
Thus it now appears that the steeper the concentration 
gradient from weld metal to parent metal and the 
greater the ratio of weld-metal volume to fusion inter- 
face the less the tendency for martensite to occur, other 
things being equal. 

Structure of Weld Metal.—-Weld metal as deposited has 
a columnar grain structure, the coarseness of which 
varies with the conditions of welding. The coarse, 
columnar grains (zone A in Fig. 1) form by growing in- 
ward from their cooler interface with parent metal. 
The structure can be refined only by recrystallization, 
which, without cold work, requires reheating to the 
temperature of complete transformation to austenite 
(about 1650° F. for mild steel). This recrystallization 
is accomplished automatically in a multiple-layer weld 
as illustrated in the macrograph of a transverse section 
of such a weld in Fig. 15;'! a large part (R) of each layer 
being recrystallized by the heat reaching it during ap 
plication of the succeeding layer. The microstructure 
at the junction of coarse-columnar and fine-recrystallized 


*® Discussion by R. H. Aborn and C. M. Offenhauer of R. W 
paper, “Effect of Alloying in Metallic Arc Welding Research 
AMERICAN WELDING Society Journat, 19 (4), April 1940, p. 12 

”G. V. Luerssen and O. V. Greene, in ‘The Cold Treatment of Certain 
Alloy Steels,”’ Trans. A. S. S. T., 19, 501-552 (1932 show that with certain 
compositions a hard, martensitic structure results whether the cooling is fast 
or slow 

" Reproduced from the paper by L. C. Bibber in the 1935 Welding Sym- 
posium of the British Iron and Sieel Instituic, through the courtesy of the 
author and Mr. G. A. Ellinger. 
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(equi-axed) weld metal is illustrated in Fig. 16. The 
proportion of weld metal recrystallized is greater the 
less the metal cools between successive passes and may 
be complete if the layers are sufficiently thin. The last 
layer always remains columnar, but its influence in butt 
joints can be minimized by making it the reinforcing 
layer. 

In the course of a recent investigation of a welded 
joint which had failed in service, we detected what ap- 
peared to be an occasional nitride needle in the weld 
metal. The presence of a high nitrogen content was 


‘confirmed by reheating the weld metal to 1800° F. and 


cooling slowly. The microstructure, resulting from this 
treatment as shown in Fig. 17, reveals an abundance of 
nitride needles in a matrix loaded with oxide inclusions, 
all of which strongly indicates a bare arc weld, with 
impaired endurance limit and ductility unequal to meet 
the demands of service. 

Dimensional Changes.—While microstructural changes 
such as we have been discussing are progressing in and 
about the weld, dimensional changes are producing 
internal stress and permanent deformation. The di- 
mensional changes which affect the joint as a whole occur 
not so much on heating as on cooling. On heating, the 
expanding metal becomes increasingly plastic while 
joined to colder and more rigid metal; this results in a 
slight upsetting in the hot plastic metal without develop- 
ing any permanent internal stress. Upon cooling, the 
heated portion of the joint shrinks in all three dimensions 
and, because of its integral attachment to the adjacent 
colder metal, stresses it as cooling proceeds, with re- 
sulting distortion and residual stress. Distortion com- 
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Table 3 
OIMENSIONAL CHANGES NW THE COOLING OF LOW CARBON STEEL 
VOLUME CHANGE 
SOURCE (APPROX) SIGNIFICANCE WELDING 
2% OECREASE UNIMPORTANT WITH PROPER 
COOLING OF AUSTENITE 0.38% PER ABOUT 
10°F 
GAMMA ALPHA INCREASE SERIOUS (F BELOW ABOUT 


AT Ae3) | 


COOLING OF FERRITE 0.25% OE CREASE PER (IMPORTANT IN YIELD STRENGT™ | 
STEEL. 


OELTA->GAMMA CHANGE (0.7 DECREASE) GENERALLY UNIMPORTANT. 
** MAGNITUDE INCREASES WITH DECREASING TRANSFORMATION TEMPERATURE. 


prises the inelastic, permanent dimensional changes, 
while residual stress is evidenced in the elastic strains 
which may be essentially removed by such treatments 
as stress-relief annealing. In Table 3 we have indicated 
the nature and approximate magnitude of these dimen- 
sional changes in the cooling of low-carbon steel. 
Thermal contraction, which occurs during the whole 
cooling process, except during the transformation oj 
austenite, varies from point to point owing to the cir- 
cumstance that all parts are not cooling at the same rate 
and, furthermore, are not cooling through the same 
temperature range at the same time. These conditions 
lead to considerable distortion of the welded joint if its 
movement is unrestricted and to high internal stress if 
the assembly is rigid. Prevention of both of these 
manifestations of shrinkage in any given welded joint 
appears practically impossible. Distortion may be 
avoided by an absolutely rigid assembly during welding, 
but is accomplished only at the expense of high internal 
stress. Shrinkage stresses may be avoided by preheating 
the entire assembly to at least a dull red heat and 
maintaining entire freedom of movement of the individual 
parts during welding, but such a procedure is seldom if 
ever used. Because shrinkage distortion increases with 
heat input, it is generally greater in gas than in arc 
welding, while shrinkage stresses are usually greater in 
arc welding owing to the more localized heating and con- 
sequent steeper temperature gradient. Shrinkage dis- 
tortion, which under unfavorable conditions may reach 
as much as 1% change in length and a relatively greater 
degree of warpage, may be minimized by appropriate 
welding procedure, such as proper attention to sym- 
metry and balance in welding sequence, and the deposi- 
tion of no more weld metal than necessary. The ob- 
served tendency of distortion to diminish as the number 
of passes is reduced, may well result from the diminished 
proportion of weld metal which recrystallized and there- 
fore was subjected twice to transformation stresses. 
Shrinkage stresses, commonly termed “‘locked-up- 
stresses since they are self-contained, may reach the 
tensile yield strength when the stress is uniaxial, and in 
extreme instances may approach the rupture strength 
when the stresses are multi-axial. These stresses begin 
to be appreciable as the welded assembly cools below the 
plastic range of temperature, in which creep automati- 
cally relieves any accumulating stress. The significant 
stress-threshold temperature on cooling low-carbon steel 
is probably in the vicinity of 1000-1100° F. These 
shrinkage stresses tend to increase in proportion to the 
yield strength and thus tend to rise with carbon or alloy 
content, and also with cooling rate. Mild steel, owing 
to its low yield strength, high degree of plasticity and 
lower sensitivity to multi-axial stresses, is unlikely t 
develop harmful stresses. In higher-carbon or alloy 
steels shrinkage stresses may be very serious owing to the 
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Table 4 


MECHANICAL PROPERTIES Of HIGH-QUALITY WELDED JOINTS OF STAUCTURAL STEEL 


BuTT TENSILE SAME AS PARENT METAL 
FREE BEND (80°; NO DEFECTS ; 20% ELONGATION 
GUIDED BEND 7 
AMD NO CRACK OVER 
ROTATING BEAM) 90% OF PARENT METAL ENDURANCE (iM 
BuTT NOTCHED- BAR iMPACT CHARPY 
racer TRANSVERSE (ENO! SHEAR SAME AS PARENT METAL 


LONGITUDINAL (SIDE) SHEAR 


SMEAR 7O% OF PARENT METAL TENSILE STRENGTH 


inherently higher yield strength and the greater tendency 
of these steels to harden in transforming. These stresses 
reduce the mechanical efficiency of the joint through re- 
duction of the safe external stress which may be applied. 

Certain steels may be weldable in the sense that a 
sound joint free from martensite is obtainable, and yet 
the welded assembly may contain such high internal 
stress as to fail when subjected to repeated external 
multi-axial stresses. An important contributing factor 
in these failures would appear to be the greater sensitivity 
of such a steel to multi-axial stresses as compared with 
the sensitivity of ordinary structural carbon steel hav- 
ing a lower yield point. 

If the residual welding stresses are large, or if the in- 
tended service is severe, they should be reduced to a 
negligible value by heating uniformly to a temperature 
at which self-creep can readily occur. This treatment is 
commonly termed a stress-relief anneal, which, for 
carbon steels, is generally accomplished by heating at 
1100-1200° F. In multiple-pass welding, peening is 
sometimes employed between passes to level off the local- 
ized peaks of internal stress by the medium of cold 
work, but if not done with caution and great care, it 
may prove detrimental. 

Mechanical Properties of a Welded Joint.-The me- 
chanical properties of a welded joint depend on the weld 
metal, the parent metal and the shape of the joint. In 
summarizing these properties in Table 4 the shape is the 
only variable, and this tabulation shows what we may 
expect of high-quality welded joints of structural carbon 
steel. If models of these joints were to be machined 
from parent metal they would have substantially the 
same properties as the corresponding welded joints. 
This relation does not apply to welds in which the 
strength of the parent metal has been raised by cold work 
or by heat treatment prior to welding; in these the 
joint strength would probably not be greater than the 
strength of the steel in the normalized condition. 

Summary of Requirements for Weldability of Carbon and 
Low-Alloy Steels—In conclusion, we summarize in Fig. 
18 the mutual relation of composition, cooling rate and 
weldability of carbon and low-alloy steels. The steels 
are classified in three groups based upon welding practice 
and the relative order of maximum safe cooling rates 
shown in the last column of Table 1, but it should be 
understood that the transition from one group to the 
next is gradual and that marginal compositions possess 
in some degree the characteristics of the adjoining group. 
We have plotted, on time-temperature axes, idealized 
cooling curves (A, B and C) corresponding to three 
techniques of welding as tabulated. The slight humps 
in the cooling curves, analogous to those in Fig. 3, indi- 
cate the heat evolved during the transformation of the 
particular steel from groups I, II or III being welded, 
and represent schematically the temperature interval in 
which transformation occurs. 

The example chosen from group I in Fig. 18 is a carbon 
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METALLURGICAL CHANGES OF WELDED JOINTS 


steel while the examples from groups II and III are alloy 
steels. Under welding conditions which lead to a rela 
tively fast cooling curve (C), steel I transforms to a tough 
pearlitic structure in the temperature range represented 
by the hump I>», while the more sluggish alloy steels II 
and III remain essentially austenitic to a relatively low 
temperature (I]y, Illy) at which they transform to a 
hard, brittle, martensitic structure. The ultimate char- 
acter of the heat-affected parent metal for each group 
of steels is indicated at the end of the cooling curve. 
When the conditions of welding result in a somewhat 
slower cooling curve (B), steel I transforms as before 
but at a slightly higher temperature range, while steel 
II, although too sluggish to transform to a pearlitic 
Structure, cools slowly enough to transform to the 
harder acicular structure at an intermediate tempera 

ture range represented by the hump II,; steel III, ow 

ing to its still greater sluggishness and notwithstanding 
the slower cooling rate, transforms as before to a mar 

tensitic structure, indicated by the hump III y. Finally, 
and largely as a result of preheating and concurrent 
heating at a temperature usually not less than about 
600° F., the relatively slow cooling curve A is obtained; 
under these conditions even the very sluggish steel II] 
transforms to an acicular structure in the intermediate 
temperature range represented by hump III,, while 
steel II transforms to a pearlitic structure represented 
by the hump II, or to a partially acicular structure 
formed at a slightly lower temperature, and steel I 
transforms as before, but at a still higher temperature 
range. 

In general, even under welding conditions which lead 
to a fast-cooling rate, steels in group I tend to remain 
pearlitic, and require no preheating and likewise no stress 
relief anneal unless the section is relatively thick or the 
service exacting, as in some applications involving rela- 
tively high temperature and pressure. Group II steels 
tend to develop a martensitic zone if the heat input is 
small on a relatively thick, cold section; consequently 
the need for preheating increases with section thickness, 
while the need for stress-relief annealing increases with 
the severity of service. In group III the transformation 
of austenite to the tough ferrite-carbide aggregate prod- 
uct is so much retarded that preheating, as well as stress- 
relief annealing immediately after completion of the 
welding operation and without intermediate cooling, is 
imperative for dependable service. Preheating tem 
peratures customarily range from 200-600" F. In 
general, the temperature required increases with carbon 
and alloy content. Carbon and low-alloy structural 
steels are generally stress relieved at 1100-1200° F. 
Higher temperatures are required for higher alloy steels 
because such steels are generally more creep-resistant. 
In any event, the treatment must be adjusted to main- 
tain the mechanical properties required of the final struc 
ture. 

Whenever a new or unfamiliar grade of steel is to be 
welded, the tabulation in Fig. 18 permits an estimate of 
the trend of the requisite changes in welding conditions, 
as compared to a steel for which a successful welding 
technique is known. If, in addition, the S-curves for 
both the ‘‘standard’’ and the new steel are available, 
one may estimate the extent of the changes needed in 
terms of cooling rates as shown in the equations previously 
given. Finally, if and when welding techniques are calli- 
brated in termsof rates of cooling through the significant 
range of temperature,'* the quantitative evaluation of this 
phase of weldability will have been achieved. 

2 L. R. Hodell and W. A. Bruce (Proc. Amer. Petroleum Inst, 1939 


to have accomplished this step in a most thorough manner for the welding of 
oil well casing 
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To recapitulate, a high-quality welded joint in any 
given steel requires a sound bond, minimum distortion 
and low internal stress and a tough structure free from 
martensite. The first two characteristics are promoted 
by well-recognized welding technique; the last is con- 
trolled by cooling rate, which in turn is fixed by the ratio 
of the rate of heat input to the rate of heat dissipation. 
Internal stress is diminished by slower cooling rate and less 
rigidity in the assembly, but a subsequent heat treatment 
may be required for its practical elimination and for 
toughening the structure. 
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FUNDAMENTALS OF 


By R. S. PELTON! 


INTRODUCTION 


SSISTANCE-welding machines and their opera- 
a tion often appear mysterious to the layman when 

he sees good welds made so quickly and easily. The 
same characteristics may lead the beginner to believe 
the process more simple, or more generally applicable, 
than is true. It is the aim of this paper to review the 
fundamentals of the process for the beginners and to 
discuss some details for the more advanced students. 
A whole series of books, however, could probably be 
written on the fundamentals of resistance welding. 

The fundamental nature of welding has been treated 
by Donald E. Babcock! from the purely metallurgical 
view-point. Welding is really a metallurgical process. 
He described our ordinary iron as “‘a suspension of ferrite 
crystals of variable compositions in a matrix of its own 
impurities.” It is this matrix of impurities that in- 
creases the electrical resistance of all metals and so is of 
real importance in electrical resistance welding. It is 
by this same effect that a small percentage of silver in 
copper may increase its resistance. 

A great deal could be written on the electrical theories 
involved in resistance welding. The electrical theories 
of the resistance-welding machine were covered one 
year ago by S. M. Humphrey’ and the theories and 
practice involved by the control schemes have been 
covered by a series of articles. These cover most of the 
fine points involved electrically. This paper will treat 
some of the details which the author believes have not 
been discussed so thoroughly. 


THE WELD 


Now, what are the requirements or characteristics 
of a good weld? The definition says that a weld is a 
localized consolidation of metals. Consolidation means 
combined or united into one. This must be a real union. 
The designer must be able to depend on a certain 
strength and durability. 

The metallurgist expects to see change in the grain 
structure locally where heat and pressure are applied, 


* To be presented at the Annual Meeting, A. W. S., Cleveland, Ohio, Oct. 
21 to 25, 1940. Contribution to Fundamental Research Division, Welding 
Research Committee. 

t Works Laboratory, General Electric Company, Schenectady, N. Y. 


Resistance Welding 


but shows us that we can produce a higher class job and 
perhaps higher efficiency if we avoid producing porosity, 
cracks and such flaws that weaken the weld either in 
straight tension or in fatigue. The metallurgist also 
shows us how, by keeping the surface of our pieces in 
contact with the electrodes cool enough, we can make a 
spot or seam weld between two pieces, yet retain the 
original properties of the material at the surfaces for cor- 
rosion resistance or strength. Figure 1 shows the etched 
cross section of such a weld in 18-8 stainless steel. Each 
sheet was 0.037 inch thick. 

But let us get back to fundamentals. The analogy 
between the forge weld and resistance weld has been 
repeated before. The blacksmith heated his pieces of 
iron in a forge and hammered them together. We heat 
our pieces by passing an electric current through them 
and press them together between the electrodes. Re- 
sistance welding is thus a much more versatile process. 
Since the heat and pressure are applied by the same 
machine, they may be timed and controlled at will and 
automatically. Since pressure is usually applied first 
and held while heat is applied according to the need, 
unlike metals may be welded together and pure ele- 
mental metals that would melt and flow away in the 
forge are successfully welded. And with the better con- 
centration and control of the heat, magnesium, which 
might actually burn in the forge, is successfully spot 
welded. 


Fig. 1—Photomicrograph of a Spot Weld of 2 Pieces of 18-8 Stainless Steel 
Steel 0.037In. Thick. Heat Zone Approximately One-Half Way Through 
Weld Made in '/m Second 
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THE FORMULA 


Let us eliminate flash welding from this discussion 
while we study resistance welding with emphasis on the 
resistance. Such a weld is made by pressing two pieces 
of metal together while an electric current is passed 
through them to heat the localized contacting surfaces to 
the welding temperature. We have five measurable 
factors. One is the pressure and the others are the current, 
the resistance of the material and contact surfaces, the 
time or duration of the flow of the current, and the area 
of contact of the electrodes or pieces in the butt welder. 
These latter four produce and determine the heat. 
Other factors remaining the same, the heat (//) is pro- 
portional to the square of the current (/) and is fre- 
quently expressed by the formula: 

H = 
where R = the electrical resistance of the assembly, and 
T = the duration of the current flow. The contact area 
must be given or the pressure, current and resistance 
must be given per unit area. 

It happens that the pressure applied is important for 
two reasons. It has an important influence upon the 
resistance of the surface contacts between the parts and 
at the electrodes, and also determines the welding tem- 
perature of some alloys; that is, the greater the pressure 
applied, the less is the resistance of contact, of the elec- 
trodes, and in the joint where the weld is to be made. 
Also, if the surfaces are really clean, some metals and 
alloys will weld at a comparatively low temperature if 
the pressure is great enough. At the other extreme, you 
may approach fusion welding with low pressure and 
high temperature. It appears that these two factors 
are compensating. With steel, a reduced pressure results 
in a higher resistance and thus the higher temperature 
needed to weld at the lower pressure, but this range of 
compensation is narrow and easily exceeded. With 
other materials like aluminum, it virtually ceases to exist. 
A reduced pressure results in too much molten metal. 

After one has tested a spot weld and found it good, 
the question is sometimes raised: What assurance 
have you that succeeding welds will be as good? To 
duplicate results all conditions must be maintained 
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Fig. 2—Spot Welding Press 


Fig. 3 (Right)—Soft Metal Is Confined 
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uniform. It is evident that pressure is one of the factors 
that must be watched and held the same after it is once 
set right. Factors influencing pressur 
later. 


will be discussed 


As we proceed to discuss the formula, let us take the 
current (J) and time (7) together. A statement has 
been published to the effect that the smallest errors in 
timing may cause variations in the quality of the weld 
This statement seemed to refer to the duration of the 
current flow, rather than to the synchr f 
synchronous switching problem. If the tir m 
portant, how much more important the current must be 
It influences the weld heat as the square of | 
and varies with the voltage supplied by the power 

The problem of synchronous and nor r 
switching is quite involved and has been thorough! 
cussed in previous articles.* Let is suffice h i 
that the transients and direct-current components, with 
possible transformer saturation and extra heating, ofte: 


lead to greater variation of welds than results from the 
actual variation of duration of current flow when using 
short times. Usually the timing is not nearly as serious 
a problem as is the supplying of the proper current value 

A committee of the A. I. E. E. is working on this problem 
of power supply and already has issued several valuable 
reports.‘ 

Timing variations can be eliminated and transient 
current variations can be minimized by means of ele« 
tronic timers of the fully synchronous type. hese 
timers are calibrated generally in cycles of the power 
supply frequency and also are so designed that the weld 
ing current always flows for a corresponding interval, 
thereby preventing any possibility of direct current 
transients causing saturation of the welding transformer 

The time, or duration, of current flow is usually 
known, as is the pressure. In order to record the welding 
data for use on another machine, the current must be 
known. The kva. rating of the machine has not been 
mentioned before in this paper because in general it has 
little significance as far as the weld is concerned, as the 
difference in design between the throat structures, 
transformers, etc., of two machines may be such that one 
of them may demand twice as much kva. as the other to 
deliver the same current at the weld. 
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Fig. 4 (Wrong)—Too Near Edge of One 
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Fig. 5—Porous Spot Weld in 1 In. X 3 In. Grit Blasted Steel Bars 


Operators have proved that they can record the cur- 
rent, time and pressure used for a certain job on one 
machine, and then adjust another machine to supply 
the same current, time and pressure and transfer the 
electrodes and job with real success. This knowledge 
of current value is of real assistance when the original 
sample welds are made on one machine and another 
machine must be selected for the production set-up, 
or if a new machine must be purchased. 

This raises the question of how to measure the current. 
The most accurate method of measuring the weld, or 
secondary, current of the welding transformer is by means 
of a special shunt and an oscillograph. However, for 
most applications it is sufficient to measure the primary 
current of the welding transformer and then to multiply 
this value by the transformer turn ratio to obtain the 
value of the weld or secondary current. The trans- 


former turn ratio can be determined by taking the ratio 
of the primary voltage to the open-circuit secondary 
voltage (electrodes off the work) with normal voltage 
applied to the primary. The exciting current may be 
measured at the same time. 

Ordinary methods usually cannot be used to measure 
the primary current of the welding transformer as the 
duration of current flow is too short. The pointer, of 
conventional type meters, will not respond quickly 
enough to give a reliable reading. Pointer stop am- 
meters, voltmeters and wattmeters have been de- 
veloped for this purpose which are sufficiently accurate 
for general shop practice. The “pointer stop’’ is used 
to hold the pointer near the point where it should come 
to rest, thus eliminating the long swing. A few trials 
will be needed for each reading. 

This method of measuring the secondary current 
neglects the error of not taking into account the effect 
of the exciting current. More accurate results can be 
obtained by subtracting the value of the exciting current 
from the total primary current before multiplying by the 
transformer turn ratio. 

Sometimes a current transformer is already in the 
power supply circuit to operate an overload relay or 
signal device. If there is none, one may be installed 
permanently at each machine or a split core transformer 
may be used. The latter may be clamped around a 
power line wherever it is accessible. 

Before a different meter can be used reliably, the re 
sponse characteristics must be known. As an example: 
The author used a G. E. Co. type P-3 ammeter and 
tested it by taking the first reading with a large number 
of cycles. By gradually reducing the duration of current 
flow it was found to duplicate the reading down to and 
including 3 cycles while 2 cycles did not produce a 
proper response. Consequently when a 1- or 2-cycle 
job is finished, some alteration Has to be made in the 
pressure or set-up to allow the use of 3 cycles for mea- 
surement of the current. This may cause a slight error 
but a resistance welder is practically a constant current 
device affected only slightly by resistance at the elec- 
trodes. 

It is poor practice to use a meter in the shop with the 
case open, but in case of necessity some object such as an 


Fig. 6—Two Spot Welds Broken to Show Effect of Surface Condition on Same Steel 
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eraser may be laid on the scale to hold the pointer in 
position. Any method to reduce the necessary swing of 
the pointer will serve the purpose, but a screw or auxiliary 
hand to operate through the case is preferable. While an 
ammeter or wattmeter point must be held up, a volt- 
meter pointer must be held down to read the drop during 
short time demands. For example: a standard volt- 
meter, on one occasion, showed a drop from 603 to 
575 volts during a 4-cycle weld. An oscillograph at the 
same time recorded a drop to 470 volts. With a pointer 
stop to hold the pointer back, fair accuracy may be 
obtained in reading such values. 


PRESSURE 


Pressure seems only recently to have received real 
attention or study. Frequently figures are given for the 
pressures used to make certain spot welds. If one of the 
welds could speak, would it verify the figure given as 
the pressure at the instant the two pieces of metal united? 

There are three complications in the pressure problem: 
friction, inductive reaction and inertia. Their impor- 
tance results from the fact that at the instant the weld 
is actually made, the electrodes must move toward 
each other if there is to be any forging action. Although 
the amount of travel is small, it must be extremely rapid 
in most cases to be effective. The amount of friction will 
depend on the type of pressure device, construction of 
of the machine and type of maintenance. Most ma- 
chines are so designed that static friction must be over- 
come to get any action beyond possible spring in arms 
holding the electrodes. Machines are available now that 
maintain sliding friction while the weld is being made. 

Two conductors close together and carrying electric 
currents in opposite directions tend to separate due to 
the magnetic fields about them. When current values 
of 10,000 to 100,000 amperes are flowing, this tendency 
to separate is strong. Such forces have wrenched bus- 
bars from their clamps and wrecked transformers under 
short circuit conditions. One of the greatest surprises 
of this young fellow’s life was to see a 1300-lb. welder 
head bounce up in the air due entirely to this action. 
In trying to spot weld two !/2-inch-thick pieces of brass 
together, this big machine was set to obtain its full 
84,000 amp. while the time was cut back to 2 cycles for 
the first trial. The time was to be increased until 
sufficient heat was produced. Since the head weighed a 
full 1300 Ib., no air was used to increase the pressure. 
The upper electrode and head actually raised about an 


Fig. 7—Cross Section of Weld at Fractured Surface in Lower Bar of Spot 
Weld in 1 In. X 3 In. Grit Blasted Steel Bars 
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Fig. 8—Grit Blasted Bar 1 In. X 3 In. After Standard A. S. T. M. Hot 


Pickle Etch. (Top) Cross Section of Top Bar Away from Spot Weld 
(Bottom) Cross Section Through Center of Fractured Weld, Same Bar 


inch but due to the inertia and spring of certain parts 
the electrodes did not part until after the current was 
off, so the pieces fell out onto the floor with no sparks or 
arcs. 

Figure 2 represents such a machine schematically, a 
common type of toggle-operated welding press with an 
air-cushion pressure device. The rule says that the 
closer the conductors or arms are together, the less will 
be the demand kva. and the greater will be the current 
available for the weld. The same rule applies to the 
extension of the arms outward. The smaller this loop 
around which the current must travel, the greater is the 
efficiency of the machine and it varies almost inversely 
proportional to the area of the loop; that is, with the 
arms twice as far apart, practically half as much welding 
current is available. Any magnetic material inside this 
loop absorbs a great deal of the power so the bulk of 
steel pieces should be kept on the outside. Steel should 
also be eliminated from any fixtures to be used around 
the electrodes. 

Let us look further at this machine. With 5 lb. of 
air in the pressure cylinder, there is a total static pressure 
of 1850 Ib. on the electrodes and work, and this has been 
found sufficient to keep the electrodes from separating 
while maximum current is flowing. It did not make 
much of a weld in the brass, but what were the conditions 
when the time was increased to 20 cycles? The electrodes 
were applied to the material with a pressure of 1850 Ib. 
to establish contact. While the current was flowing, 
more than 1300 Ib. were subtracted from this, leaving 
perhaps 200 Ib. to maintain contact during the heating 
period. 

Then when the current flow ceased, the full 1850 Ib. 
pressure minus friction was again applied to forge the 
weld. This cycle of operation is highly recommended 
by some for the spot welding of thick steel, while others 
prefer the pulsation method.5 

Heavy welder heads, meaning the structure carrying 
the movable electrode, may be suitable on butt welders 
and on spot and seam welders for low conductivity ma 
terials when the current flow is comparatively long, but 
heavy moving parts are a real handicap when welding 
high-conductivity matetial, or if projection welding 
with appreciable travel in pushing parts together. 
Inertia is the property of matter by virtue of which it 
persists in its state of rest or of uniform motion unless 
some force changes that state. Time is also an important 
factor in the change of motion. The formulas regarding 
force, gravity and inertia are in the most elementary 
physics books as follows: 
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Starting from rest: Space = 5 al* + r , in the downward 


direction. 

Let us take a couple problems to illustrate. 

Problem No. 1.—A half-cycle welder has spring pressure 
of 15 Ib. on a head that weighs only 0.8 1b. In cross-wire 
welding it is estimated that 0.020-inch travel is wanted 
in 0.002 sec. Should it be expected? 

Combining formulas, 


_ 
(2 +1) 


32.2 X 12 X 0.000004 / 15 
2 0.8 


= 0.000773 X 
19.75 = 0.015 inch 


so, even if there were no friction and no force required to 
push the parts together, the electrode would not travel 
so fast. The 0.002 sec. is about '/, the heating time. 
Problem No. 2.—Welder head weighs 1300 Ib. A travel 
of 0.058 inch is wanted to complete a projection weld. 
What added pressure will be needed to cause it in 0.01 
sec.? 
Transposing: 


0. 116 
1300 (as: 2x 12 X 0.0001 1) 


= 1300(3 — 1) = 2600 Ib. from spring or air. 

to move the head as specified without friction or other 
work. If 500 Ib. are wanted to forge the hot metal and 
200 Ib. are required to overcome friction, the total with 
the 1300 Ib. dead weight is 4600 Ib. pressure on the pro- 
jection, or projections, before welding. If this head 
comes down with a hammer blow there may be no pro- 
jections left. These examples explain why molten metal 
flies (at times) and porous welds result, indicating lack 
of pressure in spite of springs or air cylinders. 


OPERATIONS 


Figure 3 illustrates the making of a good spot weld, 
or it may be the section of a seam weld. If a strong weld 
is to result, all the metal must be retained and forged 
together under high pressure to reduce porosity and 
cracks. Such a weld cannot be made on the very edge 
of a piece without solid metal on the one side to confine 
the soft or molten metal. The soft metal is squeezed 
out as shown in Fig. 4 and the electrode pushes into 
the one piece thinning it so that it can be easily broken 
off. And, too, the leverage is very severe on it if there 
is any bending action. Notice how much more rugged 
the joint in Fig. 3 is. Every welding supervisor should 
watch this point as the number of welds made according 
to Fig. 4 is surprising and often due largely to careless- 
ness. Even on autobodies, where there is plenty of lap, 
the operators seem to favor the very edge. If it is to tie 
down the edge of poorly fitting parts, the forming opera- 
tion should be altered. 

Poor fits lead to many difficulties in any kind of fabri- 
cation. If a 100% product is to be turned out, the weld- 
ing supervisor must have the backing of his superiors to 
demand his parts properly prepared. If the welding 


press must also serve as a forming press, it is very de 
structive of electrodes and the main pressure between 
the pieces comes at points other than where the weld js 
wanted, resulting also in shunted current, and a product 
that is very problematical. Have the parts formed 
properly and then place the weld so that the soft metal 
will be entirely surrounded by solid metal to confine it, 

Spot-welding tips and seam-welding wheels should 
also be watched for wear or mushrooming. It is evident 
to any reasoning person that with the usual welding pro- 
cedure, a larger electrode contact area requires a higher 
pressure and more current to produce the same quality of 
weld. But does the average person ever stop to think 
that a 25% increase in tip diameter, say from '/, inch 
to 5/1, means a 56% increase in area? ‘The person in- 
terested in producing quality welds usually advises 
against letting the operator use a file on electrodes since 
so few know how to use it properly. A supply of ma- 
chined tips or wheels should be kept handy and those in 
service replaced periodically. 

Projection welding offers many advantages when the 
parts are properly prepared. Some of the advantages 
are: 


. More uniform results. 

2. Increased output per machine making several 
welds simultaneously. 

3. Longer electrode life. 

4. Welds may be placed closer together. 

9. Parts are more easily welded in an assembly 
fixture. 

6. Finished appearance is often improved. 

Projection welding is a large subject all by itself and 

has been treated well by several authors.’ 


Fig. 9—Cross Section of 1 In. X 3 In. Grit Blasted Steel Bar at Surface 
After 6 Hours in Hydrogen Furnace at 850°C. 100 X 
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Fig. 10—Surface of Spot Weld in Steel with Scale and Rust on Surfaces 
Indicating Damage to New Electrode 


SURFACE CONDITIONS 


Over a period of a couple years the writer has become 
more and more convinced that the surface conditions of 
the material have much to do with the quality of re- 
sistance welds made. Of course, all things are relative. 
When the welding engineer is faced with the necessity 
of having every spot weld dependably good he will 
watch factors which many operators never even heard 
of. In the aircraft industry now, finger marks on alumi- 
num are enough to affect the results. Only a few years 
ago, a variation in the analysis or impurities would be 
given as the explanation if a new lot of apparently the 
same grade of steel gave spot welds which were more 
porous or brittle. This condition prevailed until an 
effort was made to produce some new samples of 1-inch 
steel, spot welded to 1 inch. As usual, a hot rolled bar 
1 x 3 inches was cut into short lengths and cleaned by 
shot blast, or grit blast. While previous welds in this 
material had withstood around 100,000 Ib. total load in 
shear, the strongest obtained by any variation of tech- 
nique broke at 75,600 Ib. and all were full of porosity. 
Figure 5 shows a typical example. 

In order that the two ends would be in line to grip 
in a tensile test machine, two pieces were put end to end 
with a third piece across the joint with one weld in each 
end. This is evident in Fig. 6 where two complete as- 
semblies are shown. Since the trouble was evidently 
due to material, a second bar, which it was hoped would 
be better, was cut up and cleaned as before. These welds 
were even more porous than before. The strongest of 
six broken failed at 72,000 Ib. 

Still thinking that the trouble was in the material, 
pieces of the same size were burned from two grades of 
plate stock. It just happened that these were grit 
blasted in another building. This softer material gave 
good solid welds which broke at 80,700 Ib. and 88,000 Ib. 
The latter tore the material without shearing the weld. 
By this time a metallurgical investigation had found 
nothing wrong with the original steel so suspicion was 
cast upon the surface condition. As a check, not more 
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than '/» inch was removed from the mating surfaces 
of one set of samples on a milling machine. Two samples 
in the original condition were welded at the same time 
by the same technique for comparison. The milled pieces 
produced a good solid weld, as shown in Fig. 6, which 
broke at 83,200 Ib. while the others were as porous as 
ever. Next the grit-blast surface was ground from a set 
of bars with a hand grinder. These welded fine and broke 
at 97,500 Ib. The good condition of the steel itself is 
revealed by Figs. 7 and 8. Figure 7 was taken of a sec- 
tion of a lower grit-blasted bar at the center of the weld. 
There was no sign of gas here as in the upper bar which 
showed voids evidently due to gas rising into the molten 
region during welding. Figure 8 shows a section cut 
through the upper bar at the center of the weld and 
another section across the bar about 2 inches away. 
These were given the standard A. S. T. M. hot pickle 
etch. There is no sign of seams, pipes, inclusions, 
noticeable rim or anything to cause gas holes. 

In an effort to find the real cause of the trouble, 
samples of the blasted surface were subjected to spectro 
graphic examination. Tin, titanium and aluminum 
were found in greater quantities than in the body of the 
bar. Thinking that perhaps the tin was blasted from 
one job and then deposited on succeeding jobs, two checks 
were made. One set of grit-blasted pieces was pickled 
to remove any tin and save the rough surface. The mat- 
ing surfaces of another set were milled as before but now 
given a fraction of a mil regular tin plate. Both sets 
produced solid welds, the tin-plated one pulling at 101,- 
000 Ib. Pickling removed the cause of the porosity, 
which was not tin, 

Then, suspecting occluded oxygen or other gaseous 
material, a set of original grit-blasted bars were held for 
6 hours at 850° C. in a hydrogen furnace. Figure 9 
shows the grain growth and decarburization that re- 
sulted. 

They were spot welded with the same technique as 
all other comparative samples, and on pulling broke at 
56,000 Ib. The weld was solid but small, showing a lack 
of resistance, or heat developed, at the joint. If the 
grit could have been examined at the time the blasting in 
question was done, it probably would have revealed the 
cause of the trouble. Its character, however, had 
changed by the time interest had developed regarding it. 

It is surprising how often sand blast is referred to in 
the literature as a cleaning method preparatory to 
resistance welding. It is certain that some blast equip- 
ments do not have as much force as do others. Sand is 
a very good electrical insulator, and even if heat is de- 
veloped, is very effective in separating two bodies of 
metal. 

Several occasions have been witnessed when sand has 
been driven into the surface sufficiently to absolutely 
prevent spot or seam welding, and enough to make 
projection welds doubtful. Mr. A. M. Unger recently 
reported comparative tests of different surface prepara- 
tions, including sand blasting, and his sand-blasted 
samples gave the lowest strength values.’ His is a good 
treatise of the individual adjustments to be made on a 
welder. His results and discussion of electrode pressure 
show the effect of the magnetic lifting of the upper elec- 
trode but he does not mention this action. It would be 
advisable, wherever blast equipment is used for cleaning 
for resistance welding, to replace the sand with shot or 
angular grit. 

Some people are afraid of the expense of cleaning to 
the point where they are pennywise and dollar foolish. 
One place in particular could be named where in spite 
of all arguments about weld quality and dependability, 
electrode maintenance, sparks flying, etc., the procedure 
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was set up to weld material with a “‘light’’ scale. After 
a few months it was found more economical to use pickled 
sheets, primarily because of electrode maintenance. 

Figure 10 shows what happened to one freshly ma- 
chined electrode during the first weld. A good weld was 
produced but the electrode surface was ruined with one 
weld. The steel had a mixture of light rust and scale. 
Rust seems to be as bad as some scale left by rolling, 
while the discoloration resulting from annealing is less 
serious. 

It has been said that all that glitters is not gold. So 
it is with parts coming from the tumbling barrel. On 
one occasion the parts were beautifully shiny but they 
would not weld. After pickling they welded fine. Evi- 
dently it was another case of foreign material pounded 
into the surface, since a double change of color occurred in 
the pickle. The same may be the case with plating. 
Nickel welds all right, but one assembly of three nickel- 
plated parts came through that would not weld. The 
first thought was that they were too smooth and without 
resistance in the joint so they were roughened with emery 
cloth, but the nickel had to be entirely removed from the 
joint before they would weld. With only a few on the 
order the reason was not found. 

It has been said that almost any combination of metal 
will weld under the right conditions. There is a great 
deal yet to be learned about all the conditions. This is 
reflected further when weld strengths are reported. 
One operator will find that the strength of his welds does 
not vary by more than 2%. Another reports that the 
strength of his series of welds varies by +30%. In the 
latter case there is some variable or variables entering 
into the welding procedure that should receive better 
control. Perhaps the equipment is not maintained in 
as good condition as it should be, or may not even be of 
proper design for the job. Perhaps the best technique 
has not been determined for making the welds, or it may 
be that not enough attention is being paid to the prepara- 
tion of the material. When one fellow gets good uniform 
results it is proof enough that the other fellow can, if he 
will control all the factors affecting the quality of his 
welds. 


CONCLUSION 


There have been too many poor quality or improperly 
spot-welded articles sold on the market, for the good of 
the process. If you buy a 10¢ toy which was assembled 
by spot welding and it falls apart in a few days, you may 
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not think seriously of it, but it helps to convince the 
public that the process is unreliable. 

While in a store last spring, the author noticed the dis. 
play of a rather expensive line of kitchen utensils on a 
range. The double boiler looked odd. The 1!/,-qt. 
stainless steel inset dish retailing at $1.50 originally had 
handles on two sides, but one had fallen off. The 
complete double boiler retails for $5.50. What would 
your wife think if she had purchased this one? This 
handle was supposed to be spot welded to the underside 
of a flange which was very narrow. For each of the three 
welds the electrode was placed so near the edge of the 
handle that it skidded off the edge each time (see Figure 
4). Whether the trouble is caused by a2 careless operator 
or faulty design, we, in the work, must remember that 
the process usually gets the blame. Everyone interested 
in the good reputation of resistance welding should guard 
against faulty work getting out onto the market. 

If full and proper advantage is taken of up-to-date 
technique by consultation with the local welding au 
thority, by properly preparing the materials, by employ- 
ing the improved electrode and die materials properly 
water cooled, by proper planning of assembly opera 
tions, and above all, by using modern machines of 
sufficiently high capacity with fully synchronous elec 
tronic control, very marked economies can be effected 
in the production of metal articles, while high standards 
of both strength and appearance can be maintained. 
But, to maintain high standards the equipment must 
receive proper maintenance. Then if the other factors 
contributing to the weld are watched and held uniform, 
good welds can be obtained indefinitely. 
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A METHOD OF STUDYING THE 


Ettects of Friction and Inertia in 
Resistance Welding Machines 


By WENDELL F. HESS, D.Eng.,+ and ROBERT A. WYANT, E.E.? 


INTRODUCTION 


OME years ago it was common practice to apply 
S pressure for resistance welding by means of a 
series of weights. While this practice was a step 

in the direction of pressure control it had a serious limita- 
tion. If the mechanical system of such a machine were 
quite rigid, the electrodes could follow any shrinkage of 
the weld section with only the moderate acceleration of 
gravity. Even this limited acceleration is retarded by 
friction. When the electrodes are slow in following any 
sudden reduction in weld section there will occur a mo- 
mentary reduction of pressure. The usual cause of a 
sudden reduction in weld section is an explusion of metal, 
but rapid contraction may occur without expulsion in the 
case of short-time welds due to their high rate of cooling. 

One of the consequences of a momentary reduction in 
pressure is increased surface-contact resistance with re- 
sultant increased rate of heat generation. Between the 
sheets, the greater rate of heat generation tends to cause 
further and more violent expulsion of metal. Beneath 
the electrode tips, the increased heat tends to cause melt 
ing through of the weld to the surface, pitting and loss of 
corrosion resistance of the surface, as well as marked 
reduction in electrode life. 

Another consequence of the reduction of electrode pres- 
sure is the release of molten metal from within the weld. 
Molten weld metal is retained by rings of unfused metal 
which surround the weld in each sheet and are pressed 
into intimate contact by the electrode pressure. This 
action is similar to that of a gasket. A high pressure 
produces a tight gasket, and a momentary reduction in 
pressure permits the internal pressure to produce a leak 
or rupture of the gasket. 

Due to recognition of the fact that high inertia tends 
to retard electrode follow-up there has been a pronounced 
tendency in recent years toward the use of low-inertia 
systems. Air cylinders have replaced dead weight for 
the application of pressure. Springs have been intro- 
duced into electrode holders and into the mechanical 
systems of machines, to reduce the mass that must be 
accelerated. Moving parts have been made of lighter 
metals for the same reason. 

An experience which led to the early recognition of 
the importance of inertia was that pressures determined 
in the laboratory on new and improved machines were 
found inadequate for welding in large and heavy older 
machines in the shop. It became obvious that higher 
pressures were required to provide proper acceleration 
° To be presented at Annual Meeting A.W.S. Cleveland, Ohio, Oct. 21-25 
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of the heavier masses. The requirement for higher pres 
sures necessitated increased values of current to produce 
the same size weld, due to the effect of pressure in reduc 
ing contact resistance. This effect is more important 
for materials of high conductivity than for those with 
lower conductivity, because of the relatively greater im- 
portance of contact resistance in the former case. A 
further disadvantage of the requirement for higher 
pressures is that they are likely to produce objectionable 
distortion. 

Friction in the mechanical system of the movable 
electrode is of as great importance as inertia in the re 
tardation of electrode follow-up. This may be sliding 
friction in the ways or guides, or, in the case of an air 
cylinder with a leather-cup piston, the friction of the 
leather cup against the cylinder walls. This latter fric 
tion will increase with the air pressure which forces the 
leather against the cylinder walls, forming effectively an 
air brake. The use of metal or rubber bellows, instead of 
a cylinder with leather-cup piston, as an air cushion in 
motor-operated press-type welding machines should 
greatly reduce one source of considerable friction. Fur 
ther attention to the matter of reducing the friction in 
ways or guides, by the use of ball or roller bearings, would 
further improve machines as to the other source of fric 
tional retardation. 

It should be noted in passing that the problems in 
troduced by friction and inertia have arisen with the 
advent of the modern press-type welder with its massive 
and rigid mechanical system. The old rocker-arm 
welders with arms of moderate length are practically 
free from effective friction and inertia, because of elastic 
deflection of the arms. However, too much elasticity of 
the arms gives rise to serious electrode slippage and 
misalignment; and too long arms are subject to serious 
reduction of pressure due to electromagnetic thrust. 
It should also be noted that the necessity for very rapid 
follow-up is accentuated in the case of non-ferrous metals 
having a narrow plastic range. It is likewise increased 
as the time for making the weld is shortened. In the 
welding of steel, when care 1s taken to avoid expulsion of 
metal, there is no appreciable loss of pressure even with 
considerable friction and inertia in the machine. 

In order to study the effects of friction and inertia ex 
perimentally, it was necessary to develop a method of 
measuring dynamically the changes in pressure which 
take place during the making of actual welds. After 
studying a variety of methods of dynamic strain measure 
ment, it was decided that the most promising attack on our 
problem was to build a gage based upon the effect of 
strain in changing the electrical resistance of metallic 
conductors. We are indebted for valuable assistance and 
suggestions to Professor Arthur C. Ruge and Professor 
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A. V. de Forest of the Massachusetts Institute of Tech- 
nology, who have developed equipment based on the 
same principle. Our problem in applying the idea to 
welding was complicated by the fact that the equipment 
must operate in the presence of a very intense magnetic 
field. The building of such a gage and making it work 
successfully constitutes one of the major accomplishments 
reported in this paper. 

Following the development of a gage for dynamic pres- 
sure measurement, there remained still another problem 
before a quantitative study of the effects of friction and 
inertia could be undertaken. This was the measurement 
of the actual magnitude of the frictional forces and the 
dead weight acting in any machine, under any given set 
of conditions. It was found possible to evaluate these 
quantities by an analysis of mechanical hysteresis curves 
obtained and analyzed as described below. The present 
paper shows curves of mechanical hysteresis for three 
different welding machines and the results of the analysis 
of two of these curves. The approximate analysis of 
the curve for the third machine is evident from inspec- 
tion. 

This report gives the results of dynamic pressure 
studies for a variety of actual welding conditions. 
Typical pressure characteristics for two different types of 
spot welders operating under normal conditions are 
shown. Characteristics for one of these machines operat- 
ing under dead weight alone, and the same machine air- 
operated, but with a large amount of friction purposely 
introduced, are also included. This latter condition 
gives rise to a most interesting phenomenon of pressure 
rise due to thermal expansion of the material being 
welded. The pressure cycle so produced appears to have 
several interesting possibilities which are discussed below 
in connection with the presentation of some typical cases 
of this type. In the case where expulsion of metal takes 
place there is the serious drawback of a great reduction 
of pressure 

Further exhaustive studies of the effect on weld qual- 
ity, of friction and inertia are made possible by the use of 
the equipment, the development of which is here de- 
scribed. We have already assisted in equipping one 
other laboratory for this type of investigation. A fur- 
ther development which is contemplated is a device for 
measuring dynamically the travel of the electrodes into 
the sheets. 


EVALUATION OF FRICTION AND INERTIA 


The mechanical hysteresis method of evaluating fric- 
tion and inertia was first applied to a press welder. [n 
this welder, which is motor-operated through a toggle 
mechanism, the pressure is cushioned by an air cylinder 
ten inches in diameter. A weighing system consisting 
of a beam, platform scales and the necessary fulcrums was 
set up to measure the electrode pressure. A pressure 
gage connected to the air cylinder was calibrated in order 
that the force exerted by the air on the piston could be 
accurately determined. To obtain a hysteresis curve the 
upper electrode was first lowered into contact with the 
beam with only a slight air pressure on the piston. Then 
the air pressure on the piston was increased in successive 
steps and the corresponding electrode pressures were 
measured, until the air pressure reached an arbitrary 
limit. Then the process was reversed; that is, the air 
pressure was lowered in steps and the corresponding elec- 
trode pressures again measured. A hysteresis curve for 
this machine is shown in Fig. 1. Only a slight deviation 
from this curve was obtained when the measurements 
were carried through several complete pressure cycles 
When it is not possible to obtain satisfactory measure- 
ments with no air pressure on the piston the straight-line 
portions of the curve are simply extended until they in 
tersect the pressure axis. 

This method was next applied to an air-operated spot 
welder of the rocker-arm type and to a seam welder in 
which the pressure is supplied by an air cylinder five 
inches in diameter. The results of these measurements 
are also shown in Fig. 1. 

A general idea of the friction and inertia in a machine 
can be obtained by inspection of the hysteresis curve 
when due consideration is given to the way in which the 
machine is constructed. In genmeral the average elec- 
trode pressure, when there is no air-pressure on the pis 
ton, is a measure of the inertia of the moving system. 
This was true in the case of the press and seam welders 
investigated. In the rocker-arm welder, however, this 
average electrode pressure is not a measure of the inertia 
of the moving system but it is only the effective compo- 
nent of the weight of the moving parts. In other words, 
the rocker arm is rather well balanced on its pivot points 
as shown by the hysteresis curve for that machine. As 
explained elsewhere in this paper the elasticity of the 
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machine parts must also be taken into account in in- to the force of the air on the piston as indicated in the 
terpreting the significance of a hysteresis curve. For following basic equation: 

any given value of air pressure on the piston the differ- > . : = 
ence between the two corresponding electrode pressures Po=P,+We+F + F, \<) 
is a measure of the friction in the moving system. It When P, = 0, it is assumed that fF; = 0 and F, = 0. 
should be noted in Fig. 1 that the friction increases as Adding equations (1) and (2) under these conditions the 
the air pressure increases due to the increased brake following equation for the dead weight is obtained: 
action of the leather-cup pistons. This general interpre- 


tation of the curves was checked by adding known . BFR 
weights to the moving system of a machine and observ- W = > 3 
ing the corresponding change in the average level of the . (3) 


curves. Likewise it was proved that the separation be- Subtracting equation (2) from (1) under these conditions 
tween the two legs of the curve could be affected by the following equation for the constant friction is ob- 
either improving the lubrication of the machine or by in- _ tained: 

troducing additional friction into the moving system. —— P, — Ff, 

In attempting to make a mathematical analysis of = 2 (4) 
the hysteresis curves in order to evaluate friction, it was 
independent of and dependent on air pressure. It became ‘© !ovowing equation 1s obtained: 
evident that the component of friction which was de F, — F, = P, + P, — 2P, — 2W (5) 
pendent upon the air pressure also depended upon whether 
the air pressure was increasing or decreasing. As a result 
the following analysis of the hysteresis curves was made 


Let P, 


electrode pressure when air pressure is in 
creasing on the piston 


P, = electrode pressure when air pressure is de- 

creasing on the piston 
P, = total force of air on the piston 
W = component ofthe electrode pressure due to the 


weight of the moving parts including the 
effective component of the force exerted 
by the flexible connections 
friction which is independent of air pressure 
friction which is dependent upon air pressure 
when it is increasing 
F, = friction which is dependent upon air pressure 
when it is decreasing. 


When the air pressure is increasing on the piston it is 
assumed that the dead weight adds to the force of the air 
on the piston while the friction subtracts from that force 
as indicated in the following basic equation: 


P.=P,+W-F-F, (1) 


When the air pressure is decreasing on the piston it is 
“op : " er Fig. 6—Electric Pressure Gage in Upper Arm of Spot Welding Machine 
assumed that both the dead weight and the friction add and Current-Measuring Shunt in Lower Arm 
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Subtracting equation (2) from (1) at any other value of 
P,, the following equation is obtained: 


= P, — P; — 2F (6) 
Adding equations (5) and (6) the following equation is 
obtained: 

F,=P,—-P,—-W-F (7) 
Subtracting equation (6) from (5) the following equation 
is obtained: 

F;=P,—-P,+W-F (8) 

This analysis was applied to the hysteresis curves 
shown in Fig. 1 for the press and seam welders. The 
inertia analysis gives a dead weight of 270 pounds for 
the press welder and 485 pounds for the seam welder. 
The figure for the press welder was checked by adding 
known weights to the moving system and then determin- 
ing the increase in weight by the same method. The 
figure for the seam welder was checked by loosening the 
moving system in the ways of the machine and effec- 
tively weighing it without any frictional effects. This 
could not be done readily in the press welder. 

The results of the friction analysis are shown in Fig. 2. 
In providing the necessary follow-up in actual welding 
operations the system moves in the same direction as 
when the air pressure is increasing. Therefore it is this 
friction (F,) that is of greatest importance. In Fig. 2 
positive values of friction indicate that the friction was 


Oscillator Amplifier 


Fig. 8—Electric Pressure-Gage Balancing Apparatus 


acting in the direction anticipated in the basic equations 
(1) and (2). Negative values of friction indicate the 
opposite direction. It will be noted that for these two 
machines the only friction with a negative value is that 
when the air pressure was decreasing (F,) on the press 
welder. It is believed that this is due to stretching the 
leather cup in the large piston (10 inches in diameter) in 
the air cylinder of this machine; that is, when the air 
pressure increases it tends to lock the piston against the 
cylinder wall in a radial direction and it stretches the 
leather in a longitudinal direction. When the air pres- 
sure decreases the process is reversed; that is, the tension 
in the leather exerts a force that helps in the reduction 
of the electrode pressure rather than acting to sustain 
that pressure as ordinary friction would have done. 
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This discovery led to consideration of the actual con- 
ditions which exist in the air cylinder of the press welder 
in its normal operation. In the normal operation of 
making a weld the piston is raised for some distance 
against a constant air pressure by the motor-driven 
toggle mechanism. This piston rise tends to introduce 
a slight “‘buckle’’ in the leather cup. As the piston moves 
downward in making the weld the full value of the down- 
ward friction will not be realized until a sufficient travel] 
has taken place to relieve the buckle and stretch the cup. 
Experimental verification of this fact is shown in Fig. 3. 

To obtain these data the electric pressure gage, which 
is described later in the paper, was installed in the press 
welder. A small screw-jack was placed in position on 
the lower electrode and the upper electrode was lowered 
on to the jack under an initial pressure of 1000 pounds 
as though a weld were to be made. Then as the upper 
electrode was lowered in small steps the corresponding 
changes in the electrode pressure were determined. The 
electrode travel was accurately measured by means of 
a micrometer. Three different tests were made in this 
manner and the results are shown in Fig. 3. It should 
be noted that the electrode pressure is reduced almost 
immediately by about 120 pounds which checks the value 
of constant friction (F) indicated in Fig. 2. From this 
point the pressure decreases less rapidly leveling off at 
an average value of about 290 pounds which checks the 
total friction (F + F;) shown in Fig. 2 for a piston force 
of 890 pounds. Thus Fig. 3 shows that the full value 
of the downward friction is not realized until the elec- 
trode has traveled a distance of approximately nine 
thousandths of an inch. Further verification of this 
phenomenon was observed in pressure records of actual 
welds which are described later in the paper. 

The above method of evaluating friction by means of 
hysteresis curves gives values of, sliding friction rather 
than starting friction. The method employed to obtain 
the data shown in Fig. 3 is well suited to determinations 
of the relation between starting and sliding friction. It 
was observed that each time the upper electrode was 
lowered a step, the reduction in electrode pressure was 
slightly greater for a brief instant, and then dropped to 
the value plotted in Fig. 3. This difference in pressure 
represents the difference between the starting and sliding 
friction. In obtaining the data for Fig. 3, the friction at 
the start was found to be about 15 per cent greater than 
after sliding had commenced. 

The ratio of starting to sliding friction is affected by 
speed, vibration, lubrication and the normal force be- 
tween the sliding surfaces. The lower the speed, the 
greater the vibration, the better the lubrication, and 
the lower the normal forces, the more nearly should this 
ratio approach unity. In a properly designed and well 
maintained machine most of the above factors are favor- 
able to a low starting friction ratio. Emphasis should be 
directed to the careful selection of lubricants and care in 
the maintenance of proper lubrication, if low values of 
starting friction are to be obtained. In the dynamic pres- 
sure records studied thus far, no evidences of appreciably 
higher starting friction have been observed. 


DEVELOPMENT OF ELECTRIC PRESSURE GAGE 


Before the effects of friction and inertia could be 
studied under dynamic conditions it was necessary to 
develop apparatus for obtaining an oscillographic record 
of the electrode pressure as a function of time during 
actual spot-welding operations. The requirements for 
this apparatus were: 
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Fig. 9—Pressure Oscillograms 
A—Elimination of inductive pick-up 
B—Motor-operated press welder 
C—Air-operated rocker-arm welder 


1. The physical stress in the electrode holder had to 
be translated into an electric current for operation of an 
oscillograph. 

2. Inductive effects due to the field of the welding 
current had to be avoided. 

3. Characteristics of the apparatus had to remain 
constant over the period of time involved in a complete 
pressure-current weld cycle. 


Several types of electric strain gages were investigated 
and the fine-wire type was selected as being the most 
adaptable to this work. The operation of this type of 
gage depends upon the principle that the electric re 
sistance of fine metallic wires is a function of the stress 
to which they are subjected. 

The gage used in this investigation was designed for 
use in spot-welding machines. It was constructed upon 
a two-inch length of a standard electrode holder one and 
one-quarter inches in diameter. Thin insulating paper 
was first cemented around the periphery of the piece of 
electrode holder. One mil Advance wire was then ce- 
mented on to the paper to form the two windings which 
are subjected to compression as shown in Fig. 4 (A) and 
Fig. 5 (A). Figure 4 (A) shows the general arrangement 
of the windings on the electrode holder and Fig. 5 (A) 
shows the actual winding plan. A second piece of paper 
was then cemented in place over the first two windings. 
Additional wire was cemented on to this paper to form 
the two windings which are subjected to tension as shown 
in Fig. 4 (A) and Fig. 5 (B). A third piece of paper was 
cemented in place over the last two windings to protect 
them from physical damage. In the construction of this 
gage about four feet of the fine wire were used in each 
winding. The cement serves to transmit the stress from 
the electrode holder to the fine wire. The effective gage 
length of the windings was one and five-eighths inches. 
The gage was counterbored for this distance in order to 
make the gage sensitive over the desired pressure range 
The necessity for the counterboring depends, of course, 
upon the pressure range to be covered and the character- 
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istics of other equipment used in conjunction with the 
gage. The gage used gave excellent results at pressures 
between 300 and 2000 pounds. At times it was used at 
pressures down to 100 pounds in spite of reduced sensi 
tivity. The gage was completed by mounting it in a 
block of insulating material fitted with cable connections. 
The completed gage is shown in Fig. 6, installed in the 
upper arm of a spot-welding machine. This figure also 
shows a current-measuring shunt with potential con 
nections of an improved type installed in the lower arm 
of the machine. 

The four windings are connected so as to form the 
four arms of a Wheatstone bridge as shown in Fig. 4 (3). 
When the gage is subjected to a compressive force the 
windings in compression decrease in resistance and the 
windings in tension increase in resistance. The windings 
are connected so that the change in resistance in each 
arm contributes to the unbalancing of the bridge, thus 
increasing its sensitivity. The bridge is energized by 
means of a standard audio-frequency oscillator deliver 
ing a frequency of 1000 eps or other frequency when de 
sired. The output of the bridge is connected to the input 
of a standard power amplifier which is in turn connected 
to an oscillograph. In the actual circuit, shown in Fig. 
7, provision is made for balancing the bridge at zero elec- 
trode pressure. This figure also shows an impedance- 
matching transformer between the bridge and the ampli 
fier to improve the sensitivity of the circuit. The oscillo 
graph deflection was found to be a linear function of the 
compressive force on the gage. Therefore an oscillo- 
graphic record of the electrode pressure can be obtained 
for any desired period of time and the pressure at any 
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instant can be determined. In practice it is both con- 
venient and useful to superimpose a record of the welding 
current upon the pressure record. A typical oscillogram 
for a spot weld is shown in Fig. 9 (A). The welding cur- 
rent was measured by means of a secondary shunt as 
shown in Fig. 6 and Fig. 7. 

To avoid inductive interference due to passage of the 
welding current through the gage several precautions 
were taken in the construction of the gage. In the 
first place-the windings were designed to be as nearly 
non-inductive as possible as shown in Fig. 5. The wind- 
ings were also designed so that all of the terminals and 
connections could be kept in a single plane perpendicular 
to the electrode axis. Connections were made to the 
gage in such a way that no winding coupled with the 
secondary circuit of the welding machine. In spite of 
these precautions some inductive interference was en- 
countered as shown by the pressure records in Fig. 9 (B) 
and Fig. 9 (C). Therefore it was deemed necessary to 
eliminate or reduce this interference. This was ac- 
complished by introducing into the pressure gage circuit 
an e.m.f. of the proper magnitude and at the proper phase 
angle to balance out the e.m.f. induced in that circuit by 
the welding current. The balancing e.m.f. was obtained 
by mounting a small pick-up coil in the pressure gage 
housing. The details of this circuit are shown in Fig. 7. 
The pressure record shown in Fig. 9 (A) shows to what 
extent the inductive interference can be eliminated when 
this circuit is employed and properly adjusted. This was 
the case when the oscillograms shown in Fig. 10 were ob- 
tained. This method of reducing the effects of inductive 
interference may be applicable to other electrical mea- 
surements in the vicinity of resistance welding machines. 

A low-pass filter (1000 cps cut-off) is shown connected 
between the gage and the amplifier in Fig. 7. This was 
necessary to reduce interference due to a harmonic which 
was peculiar to the welding power supply. This type of 
interference could not be balanced out by the above 
method. The cabinet which houses this filter, the im- 
pedance-matching transformer and the other apparatus 
required by the balancing circuits is shown in Fig. 8 
together with the oscillator and amplifier. At one point 
in the investigation some trouble was experienced due to 
an increase in the hum output of the oscillator. In 
synchronizing the operation of the oscillograph with the 
operation of the welding machine it was found necessary 
to connect condensers across the relay and switch con- 
tacts in the synchronizing circuit to avoid interference 
in the pressure-gage circuit from that source. 

Small changes in temperature, up to five Centigrade 
degrees, do not affect the balance of the gage appreciably. 
In our experience no temperature changes of sufficient 
magnitude to unbalance the gage occurred. Any such 
unbalance would have been readily detected at the end 
of dynamic pressure cycles by a failure of the gage to 
come to balance. 

No attempt was made to make a permanent calibration 
of the circuit as a whole since there were so many vari- 
ables that had to be controlled such as the oscillator out- 
put, the amplifier gain, the quality of the gage balance, 
etc. Instead an accurate pressure calibration of each 
machine being studied was made by means of a simple 
beam and scale method. Each oscillogram was consid- 
ered as bearing a calibration of the circuit for its particu- 
lar interval of time. For example, the oscillograph de- 
flection before the welding current starts to flow cor- 
responds to the pressure for which the welding machine 
is adjusted. Since the response of the circuit is linear, 
deflections at other points in the weld cycle can be 
evaluated accordingly. The sensitivity of the circuit 
was controlled by selecting the proper oscillograph 


Fig. 1l—Brake for Introducing Friction in the Rocker-Arm Spot Welder 


galvanometer element and resistor combination to meet 
the immediate requirements. 


DYNAMIC PRESSURE STUDIES 


Using the apparatus described in the previous section, 
oscillograms are obtained on which pressure is recorded 
by a 1000 cps wave. The electrode pressure is measured 
at any instant by the amplitude ofthis wave, the envelope 
of which is the complete pressure record. Superimposed 
upon each of the thousand-cycle pressure waves here 
shown, is the sixty-cycle current trace. This device of 
superimposing the two waves facilitates the study of the 
relation of the current cycle to the pressure cycle. In 
the early use of this gage there was a considerable pick-up 
of induced voltage in the gage circuit from the mag- 
netic field of the welding current. This was later almost 
completely eliminated, as shown in Fig. 9 (A). The 
slight roughness evident in the pressure wave in this 
figure is due to hum in the output of the thousand-cycle 
oscillator. The high-amplitude transient in the pressure 
wave at the beginning and end of the current wave is a 
filter transient from a thousand-cycle low-pass filter 
used to eliminate induced voltages due to tooth harmonics 
coming from the single-phase generator supplying the 
welding current. 

Figure 9 (B) shows an earlier pressure record taken 
on a motor-operated press-type welder. A censiderable 
pick-up of induced voltage from the welding current is 
here evident in the pressure wave. However, such a 
pick-up of induced voltage does not vitiate the pressure 
record, since it does not modulate the thousand-cycle 
wave, but merely causes the zero of the pressure wave to 
ride up and down on the pick-up wave. By measuring 
the double amplitude of the pressure wave, or the total 
displacement from envelope to envelope, the effect of such 
pick-up will be eliminated. This is one of the most 
significant advantages in the use of an alternating cur- 
rent source to feed the bridge circuit instead of a direct 
current source; that is, the ability to distinguish between 
pressure variation and induced pick-up. 

Note that Fig. 9 (B) gives the complete pressure record 
from the time the electrodes touch the work until they 
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leave the sheets after the completion of the weld. The 
initial rise to about half value represents the pressure 
and time required to flatten the sheets. This is followed 
by a sudden rise to higher than normal pressure, which is 
evidence of a slight impact. Then follows a very gradual 
reduction in pressure until the electrodes are lifted from 
the work. This tapering of pressure is characteristic of 
the mechanical system of the welder, and is due to a 
combination of a force to accelerate masses in the moving 
system plus sliding friction which adds to the electrode 
pressure in the early part of the cycle, disappears at 
dead center of the toggle mechanism and then reappears 
to subtract from the electrode pressure during the latter 
portion of the pressure cycle. Welds made by bringing 
the electrodes down upon the work and leaving them 
down, so that a pressure record can be obtained with the 
operating system of the moving electrode stationary in 
the dead center position, show appreciable reductions in 
pressure after welding, due to the reversal of the frictional 
force as the electrodes move into the sheets. Similar 
records obtained with a copper block between the elec- 
trodes, show no reduction in pressure. 

The weld recorded in Fig. 9 (B) expelled metal just 
after the current peak in the first half of the last cycle. 
The break in the current wave and the sudden loss in 
pressure can be seen in the oscillograms. From the 
original record it could readily be observed that full elec- 
trode pressure was restored in five cycles of the pressure 
wave, or five-thousandths of a second. This was the 
time required for the electrodes and attached masses to 
travel into the sheets, accelerated by gravity and the air 
pressure, and retarded by friction. Pressure was fully 
restored in a little less than one-third of a current cycle, 
or in this case by the time the next current peak was 
reached. The time of dwell of electrode pressure after 
the period of current flow is evident in this figure. 

Figure 9 (C) shows the complete pressure cycle for an 
air-operated rocker-arm type spot welder. Air is first 
introduced into the pressure cylinder by a foot-operated 
valve, bringing the electrodes together with a slight 
impact. The air pressure then builds up to a value de 
termined by the regulator. A pressure switch, set to 
operate at a pressure just below that established by the 
regulator, initiates the welding current. Finally, a 
second foot-operated valve causes the electrodes to be 
picked up. 

Figure 10 shows the pressure records of a series of 
welds made on a rocker-arm type of spot welder. Figure 


10 (A) shows a weld from which heavy expulsion of metal 
took place. There was evidently no appreciable loss of 
pressure and no break in the current wave. The welder 
was operating normally, and as shown in Fig. 2 there was 
a negligible amount of friction. Also, the major part 
of any inertia was rendered ineffective by the elastic 
deflection of the arms. Thus when friction and inertia 
are absent or ineffective, the electrodes follow through 
without loss of pressure. The pressure wave is somewhat 
ragged in Fig. 10 (A) because of a hum from the oscillator 
which had become troublesome at this stage of the work. 
Figure 10 (B) shows the pressure record of a weld 
made in the same machine as Fig. 10 (A), after a large 
amount of friction had been purposely introduced. 
This weld did not expel metal. The method of intro- 
ducing the friction is shown in Fig. 11 and consisted of 
drawing two blocks of hard wood together with bolts to 
clamp the arms of the welder to any desired degree. 
Notice that the pressure before welding has been greatly 
reduced by friction, from that shown in Fig. 10 (A) 
Notice the enormous build-up of pressure as the sheets 
expand under the welding heat This expansion causes 
enough movement to reverse the friction and make it 
additive with respect to the air pressure, instead of sub 
tractive as when the electrodes were brought down on the 
work. Plastic deformation and thermal contraction of 
the weld cause the pressure to drop again to a low value 
after welding. It was proved, by repeating the above 
experiment with a copper block in place of the steel 
sheets, that it was the thermal expansion of the pieces 
being welded, and not of any portion of the electrode 
system, which produced the reversal of the friction. 
Figure 10 (C) shows what happens to the case of Fig 
10 (B) when excessive current causes metal to be ex 
pelled. At least three successively more violent expul 
sions took place from this weld. Expulsion also took 
place from beneath the electrode tips. 
Figure 12 shows graphs plotted from measurements of 
the oscillograms shown in Figs. 10 (8B) and 10 (C 
Figure 13 shows the results of similar measurements 
taken from two other welds made with different values 
of current. Note the steeper rise and more rapid falling 
off of pressure in the case of the weld made with the 
heavier current. The above experiments were performed 
on 0.047-inch annealed and pickled low-carbon steel 
Experiments on 0.069-inch stock showed similar results 
A pressure cycle such as shown in Fig. 13 should have 
certain advantages, such as the following 
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Fig. 15—Calculated Electrode Travel for Various Accelerating Ratios 
(P/W = Force/Weight) 


1. A low pressure at the start of the weld makes 
possible the maximum use of contact resistance in the 
generation of heat. Thus less current should be re- 
quired. 

2. Later in the weld, as the metal becomes molten, 
a higher pressure is desirable to prevent expulsion and to 
avoid cavities in the weld. Thus sound welds should be 
produced. 

3. When the metal surrounding a spot weld becomes 
plastic, a high pressure would ordinarily tend to extrude 
this metal between the sheets, causing undesirable 
separation. However, with this type of pressure cycle, 
the sinking of the electrodes into the sheets would auto- 
matically reduce the pressure. Thus objectionable dis- 
tortion should be avoided. 

Further study would be needed to determine whether 
a practical device for the accurate control of friction could 
be built into a welding machine and also whether an 
operating condition based upon the complete avoidance 
of expulsion is practicable. 

Figure 14 shows a graph of pressure as a function of 
time during a weld from which metal was expelled and 
for which the pressure was supplied by dead weight 
alone. At least three increasingly violent expulsions 
took place from this weld. Note the reductions of pres- 
sure which occurred and the following impacts. In order 
to obtain the record in this case, a block of lead was 
mounted directly above the upper electrode. The lower 
arm had also to be very rigidly supported, as otherwise 
the elasticity of this arm prevented appreciable loss of 
pressure. The rigidity of the system is quite important 
in this case since any elasticity such as long arms between 
the weights and the electrodes will permit the electrodes 
to follow through without appreciable loss of pressure. 

The time required for the restoration of electrode 
pressure after any sudden reduction in weld section, 


440-s WELDING RESEARCH SUPPLEMENT 


neglecting friction, is a function of the distance to be 
traveled, the mass of the moving system and the force 
available for acceleration. As an example, suppose we 
had a machine without friction in which pressure was 
applied by dead weight alone amounting to 500 pounds. 
Now suppose we had another machine, also without fric- 
tion, whose moving electrode system weighed 20 pounds 
and whose electrode pressure was increased by air pres. 
sure to the same value as the first machine. Then the 
second machine would follow through any given distance 
and restore electrode pressure in one-fifth the time re- 
quired by the first machine. A chart giving various 
calculated data of this sort is shown as Fig. 15. A 
similar electrode travel chart has appeared in the litera- 
ture, along with an excellent discussion of electrode 
follow-up.' 


CONCLUSIONS 


As a summary of the work reported in this paper we 
should like to make the following observations: 


1. A satisfactory method for making dynamic pres 
sure records during spot welding has been developed. 

2. A method of evaluating friction and inertia, applic- 
able to most air-operated and air-cushioned resistance 
welding machines, has been developed and found useful. 

3. Unless expulsion of metal is allowed to occur, no 
serious loss of pressure takes place during the welding 
of mild steel, even with considerable friction and inertia 
in the machine. This observation is related to the fact 
that indentation, and consequently electrode travel, is 
very slight when welding without expulsion. 

4. Elastic deflection of parts of the welding machine, 
such as electrode arms, may render ineffective and harm- 
less, both friction and inertia; that is, the location of the 
friction and inertia in the machine, and the rigidity of its 
coupling to the electrodes, are most important. This 
makes the rocker-arm machine stand out as an excellent 
type from the standpoint of friction and inertia. 

5. The friction evaluated in this paper is sliding fric- 
tion and not starting friction. A method for the quanti- 
tative study of the relationship between starting fric- 
tion and sliding friction is suggested. Observations 
under very quiet conditions in the press welder indicate 
that friction at the start may be as much as 15 per cent 
higher than when sliding has commenced. Under dy- 
namic conditions this figure would be much less. In 
order to insure a low starting friction, care should be 
exercised in the selection of lubricants and in the main 
tenance of proper lubrication. 
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Oxyacetylene Welding 


Sheet as thin as 0.016 or 0.021 in. thick has been oxy- 
acetylene welded, and the process is adapted especially 
to the welding of pipe up to 3 in. diameter, 5/32 in. wall, 
and sheet up to about */i. in. thick. 


Preparation of Joints 


Jigging is desirable, but should not be too rigid. Sheet 
up to 0.050 in. thick is flange welded without filler rod. 
The flanges should be as low as possible, '/;5—5/32 in. high, 
and should be bent a little less than 90°, for example 
75°, to avoid gaps on the underside and excessive re- 
inforcement. Corner welds in sheet less than 0.050 in. 
thick also are made by flanging. If a crevice remains 
on the underside of a flange weld, it may be filled with 
silver brazing alloy to prevent adherence of undesirable 
material in service, but the unbrazed joint may act as a 
notch under stress. 

Butt welds with filler rod are made in material over 
0.050 in. thick. The edges are beveled 75° V above 
°/s9in. For thick plate the scarf angle is 75° V. Grooved 
backing plates may be used for butt welds in sheet to 
provide reinforcement against crevices and root cracks. 
Butt welds in pipes are 75° V and require no jigging, 
because they are tacked. 


Flame 


While some writers recommend a neutral flame, a 
slightly reducing flame to exclude the possibility of oxida- 
tion is preferred. 

A soft, low-velocity flame being desirable to reduce 
the agitation of the puddle, a tip one size larger than for 
steel generally is selected. 


Flux 


Many authorities use no flux; consequently the nickel 
puddle is more sluggish than the Monel puddle for which 
flux is used. 


Filler Rod 


Proprietary rods of essentially the same composition 
as the nickel base metal are recommended. For best 
corrosion resistance the rod should have essentially the 
same composition as base metal. Four elements— 
Mn, Mg, Si and Ti-—-have been added to improve the 
welding qualities of nickel filler rods. The diameter of 
the filler rod equals sheet thickness up to °/32. in. beyond 
which rods 5/32 and */;. in. diameter are used. 


Welding Procedures 


Forehand welding is used in this country. The rod 
may be held quietly in the puddle, but it appears best 
to keep the end of the rod always in the flame to avoid 
oxidizing the surface of the globules. It is bad practice 
to use more than a single layer, because oxide from the 
surface of the preceding layer contaminates the next 
bead and causes porosity. Excessive puddling is par- 
ticularly undesirable. 

Oxyacetylene welds can be relied upon for the tensile 
strength of unwelded annealed metal. Good welds can 
be bent 180° without cracking. 


Metal Arc Welding 


Metal are welding is used for sheets 0.037 in. thick 
and over. 


Preparation of Joint 


It is important to jig all welds in sheets up to '/j¢ in. 
thick. Grooved copper jigs serve to maintain alignment 


442-s WELDING RESEARCH SUPPLEMENT 


and to act as a mold for uniform root reinforcement. 
It is not necessary to use backing strips if the thickness 
is over */32in. Beveling (75° V) is required for material 
*/16in. thick and over. There should not be over !/, in 
lip in order to assure penetration. 


Electrodes 


The covered electrodes now employed have a heavy 
extruded coating, the core rod containing some titanium 
(*/,% Ti) and magnesium to reduce porosity. Prac- 
tically all authorities use reversed polarity. 


Welding Procedures 


The same general principles apply to metal arc welding 
Monel as nickel. <A short arc should be held ('/;.-!'/s in.): 
a long are causes oxidation and embrittlement. The 
electrode should be normal to the weld puddle, that is, 
vertical or up to 30° to the vertical, in order to cover the 
puddle uniformly with slag without forcing slag « onto 
unwelded scarves ahead. 


Mechanical Properties 


Tensile strength of 60,000 Ib./in.* may be relied upon 
for butt welds made with covered electrodes. 


Atomic Hydrogen Welding 


Atomic hydrogen welding is applicable to thin plates. 


Resistance Welding 
Spot Welding 


Higher current, less pressure and shorter time are 
required than for steel. A copper alloy electrode with 
flat tip and at least 259% of the conductivity of copper 
is used. All metals except aluminum, lead and zinc 
may be spot welded to nickel. 


Seam Welding 


The process has been used for sheet from 0.016 to 
0.093 in. thick. 


Resistance Buti Welding 


Resistance butt-welded bars 1'/2in. square had the same 
strength as unwelded stock. In spark plug construction 
nickel tips have been butt welded to steel wires. Copper 
has been resistance butt welded to nickel. 


Flash Welding 


The process is applicable to a wide range of thicknesses 
and heat treatment is unnecessary. 


Forge Welding 


Forge or hammer welding has been used considerably 
for nickel chemical apparatus, but only in Europe. The 
same strength (60,000 Ib./in.*) as unwelded plate has 
been reported for hammer welds, which had 26% elonga- 
tion compared with 40 to 50%) for unwelded plate. 


WELDING NICKEL CASTINGS 


For oxyacetylene welding the casting requires adequate 
support, and must be preheated to 650° C. The defect 
is chipped to 75-90° V. No preheat is required for arc 
welding. A nickel rod is recommended to repair nickel 
castings. Stress-relief may be desirable if the casting 
is not preheated. 
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WELDING NICKEL TO OTHER METALS 


To weld nickel to steel, a thin layer of nickel weld 
metal is deposited on the steel before making a 70° V 
butt weld with nickel electrodes. Butt welds in */,9-in. 
plates had a tensile strength of 57,200 Ib./in.* (failure 
in weld) with machined, reduced section specimens and 
57,900 Ib./in.* (failure in steel) with unmachined parallel 
section specimens. A Monel electrode is preferred for 
welding nickel to steel. 


SILVER BRAZING 


Silver brazing has many applications, such as pipe 
joints, laundry machinery, hospital furniture, castings 
and turbine blades. Since overheating causes trouble- 
some oxidation, temperature should be controlled closely. 
The parts should fit tightly in order to secure a tight 
joint with as little silver brazing alloy as possible. Al- 
loys containing 50 Ag, 18 Cd, 16.5 Zn, 15.5 Cu (635° C.) 
and 50 Ag, 34 Cu, 16 Zn yield good joints. 


WELDING WROUGHT MONEL 


The welding of Monel involves no fundamental change 
in welding procedure over that employed for nickel. 


Oxyacetylene Welding 


Field of Application 


As a rule oxyacetylene welding is used for material 
up to */y. in. thick and for welding tubing and pipe. 


Preparation of Joints 


The same preparations are made as for nickel, including 
jigging. Backing also is desirable, steel or cast iron 
backing being common, but asbestos sometimes being 
used. Flange welds are applicable to 0.050 in., 75° V 
beveling being required above 5/3 in. 


Flame 


As with nickel some aim at a perfectly neutral flame, 
while others prefer a slightly reducing flame ('/j¢-in. 
feather), if only to avoid wavering to oxidizing condi- 
tions. A soft flame is required, and the tip may be the 
same size as for steel or one size larger. 


Flux 


The use of flux on the rod and both sides of the joint, 
particularly the underside, seems to be general. Boric 
acid often has been used as powder or as a paste with 
water or alcohol. Equal parts of borax and boric acid 
to form a saturated solution in alcohol are satisfactory 


Filler Rod 


The filler rod should have essentially the same compo 
sition as base metal. A special Monel rod containing 
silicon has been used without flux and with neutral flame 
for sulfuric acid and pickling equipment. The diameter 
of the rod should be the same as sheet thickness up to 

3 or */3. in.; for thicker material rod diameter = */; 7 
(T° = plate thickness). 


Welding Procedures 

As with nickel forehand welding is used in this country; 
the flame should point away from the deposit. The rod 
is melted quietly under the surface of the puddle. 
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Vechanical Properties 


Oxyacetylene welds have the same strength as an 


nealed base metal. Flux frees the weld metal from 


blow-holes by lowering the temperature required to 
weld. 


Metal Arc Welding 
Field of Application 
Although sheet 0.031 in. thick has been welded with 
copper backing and '/j-in. electrodes, the practical lower 
limit is 0.037 in. Material 2'/, in. thick has been metal 
arc welded. 


Preparation of Joint 


The same principles apply as for nickel. Tacking is 
necessary as with steel. If tacking is not used, the 
spacing is '/;7° at the start and the gap is increased 
0.18 in./ft. 


Electrodes 


An electrode with extruded coating is used The 
core rod is Monel with which a little aluminum (2% Al) 


is alloyed to deoxidize the weld puddle and to eliminate 
porosity. Reversed polarity is used. 


Welding Procedures 


A short are is held, and the current is slightly lower 
than for nickel. Inadequate current is recognized by 
sluggish flow; excessive current causes spatter, boiling 
and burnt appearance. With correct current the weld 
metal flows much the same as steel 


Mechanical Properties 


Butt welds have about the same strength as unwelded 
annealed base metal 


Atomic Hydrogen Welding 


Welds free from porosity and oxides have been made 
by the atomic hydrogen process, which is applicable 
particularly for material up to */, in. thick. Beveling 
is unnecessary up to 0.08 in. thick. A bare filler rod is 
used, and the edge of the disk-shaped flame touches the 
puddle. 


Resistance Welding 
Spot Welding 


Welds have been made in material up to about '/, m 
with the same settings as for nickel. Accurate timing 
is essential to avoid burning. Compared with steel, 
the time for Monel is half as long (less than 15-20 cycles), 
the tip load '/, to '/; as high and the current twice as 
great. The parts must be supported carefully to pre 
vent cracks. Welded joints have the same strength as 
unwelded sheet. 


Seam Welding 


The process is satisfactory for sheet up to 0.050 in. 
thick. In sheet 0.039 or 0.056 in. thick S85 to 100% of 
the strength of unwelded sheet has been attained. 


WELDING MONEL CASTINGS 


Castings are preheated to 650° C. and are slowly cooled 
for oxyacetylene welding and are not preheated for are 
welding. Monel filler rods are used 
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WELDING MONEL TO OTHER METALS 


There is no difficulty in arc welding Monel to steel 
with covered electrodes. Butt welds in plates */s and 
*/, in, thick yielded tensile strengths of 61,900—66,800 
Ib./in.*, fracture occurring in the steel. The free bend 
elongation at 180° was 42% for the thinner joint, 28% 
- the thicker. The microstructure exhibited no de- 
ects. 


BRAZING 


Monel has been brazed successfully but the process is 
little used. 


SILVER BRAZING 


The process is faster than welding for sheet up to 
0.050 in. thick, and is the same as for nickel. A brazing 
alloy containing 50 Ag, 18 Cd, 16.5 Zn, 15.5 Cu, flowing 
at 635° C. and another with 60 Ag, 25 Cu, 15 Zn flowing 
at 720° C. are safe. If the temperature during silver 
brazing rises above 720° or 760° C., cracks are likely. 
The tensile strength of a silver brazed joint was reported 
to be 59,000 Ib./in.? 


WELDING MONEL 


Investigators have reported 45,000 Ib./in.? yield 
strength, 93,000 Ib./in.? tensile strength, 41-42% 
elongation in 2 in. for 75° V butt welds (covered elec- 
trodes) in high-strength Monel after stress-relief at 
580° C. for 3 hr. 


WELDING INCONEL 
Oxyacetylene Welding 


There is no lower limit of thickness for oxyacetylene 
welding. While some authorities use a slightly reducing 
flame, others use a greater excess of acetylene than for 
nickel or Monel. A special flux is required to reduce 
chromium oxide. One investigator reported 91,000— 
92,500 Ib./in.? tensile strength and 35-36% elongation 
in 2 in. for butt welds in sheets 0.024—0.12 in. thick 
(tensile strength and elongation of unwelded base metal 
were 90,000 Ib./in.*? and 50% in 2 in.). Only a few 
joints fractured in the weld metal. 


Arc Welding 


The process is the same as for nickel, Inconel weld 
metal being more fluid than nickel. The heavy covered 
Inconel electrodes are connected to the positive pole. 
In 1932 the coating contained slag and ferro-titanium 
without cellulose. A short arc is held. The process is 
applicable to sheet 0.050 in. thick without undue buck- 
ling. The tensile strength of unmachined and machined 
arc welds in material '/;. or '/s in. thick is the same as 
unwelded metal. The elongation across fractures has 
been 32-39% in 2 in. compared with 48-52% in 2 in. 
for unwelded metal. 


Other Processes 


Spot and seam welding is satisfactory, and flash welds 
having 90% of the tensile strength of unwelded metal 
have been made in sheet 0.036 in. thick. 


WELDING NICKEL-CHROMIUM ALLOYS 


Nickel-chromium alloys containing 10 to 40% Cr, 
sometimes with other alloying elements, are used for 
heat-resisting equipment, such as carburizing boxes and 
thermocouples. Cast Metals Handbook states that two 
alloys—64 Ni, 20 Cr, 1.5 Mn, 1.5 Si, 0.40 C and 62 Ni, 
13 Cr, 1.0 Mn, 1.5 Si, 0.60 C, rest Fe—are satisfactory 
for welding. Oxyacetylene welding is used for relatively 
thin material, sheet !/s in. thick or bars */s in. square, 
for example. The surfaces to be welded are freed of 
oxide and a reducing flame is used without flux. 

Covered electrodes are used for heavy material. The 
electrode is connected to the positive pole. Atomic 
hydrogen welding is satisfactory fpr Ni-Cr alloy resistors 
Resistance welding also is applicable if the carbon 
content is below 0.80%. An alloy containing SO Ni, 
20 Cr has been spot welded to itself, Monel, iron, nickel 
and aluminum. 


WELDING OTHER HIGH-NICKEL ALLOYS 


The wrought alloy containing 58 Ni, 20 Fe, 20 Mo, 2 
Mn is welded with coated electrodes. Oxyacetylene 
welding with a neutral flame is applicable. Castings 
containing 58 Ni, 6 Fe, 14 Cr, 17 Mo, 5 W or 85 Ni, 10 
Si, 3 Cu, 2 Al should be preheated and cooled slowly 
to prevent cracks. 


Welding Nickel and Its Alloys 


INTRODUCTION 


AS and are welding are the principal methods of 
G joining the parts of corrosion- and heat-resistant 

apparatus of nickel and its alloys. The physical 
and mechanical properties of the alloys are higher than 
of plain carbon steel. The latter, however, lacks the 
extraordinary resistance of nickel and its alloys to attack 
by many reagents and gases. 

The resemblance between nickel alloys and steel is 
evident from Table 1. Nickel has a higher density 
(8.85) than iron, and a lower melting point. Thermal 
and electrical conductivities and the heat required to 
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melt a given weight of nickel initially at room tem- 
perature are about the same as steel. The thermal ex- 
pansion coefficient of nickel alloys lies between those of 
alpha and gamma iron. Strength, elastic moduli and 
ductility likewise are within the ranges developed by 
steels. Nickel and its alloys thus resemble unalloyed 
steel in physical and mechanical properties, but resembk 
corrosion-resistant steels of the chromium-nickel type 
only in resistance to corrosion, and then only to a limited 
extent,:for the stainless steels are resistant to different 
reagents from nickel. 

Ferromagnetism is lost in nickel above 360° C., at 
which temperature there is a minimum in thermal con- 
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Table 1—Properties of Nickel and Some of Its Alloys 


& 


Commercially 


Pure Nickel 

Melting range, ° C. 1455 

Thermal conductivity, cal./ 0.198 (100° C.) 
cm.?/em./sec./° C. 22% of copper 

Electric conductivity, % of 25 18 
copper (20° C.) 

Thermal coefficient of expan- 
sion, X 10-8/° C. 

Yield strength, 0.2% offset, 
Ib. /in.? 


Pure Nickel 
1435-1445 
0.145 (27 


13 (25-100° C.) 


8500 (annealed) 15,000-30,000 
(annealed) 
90,000—105,000 
(hard temper) 
60,000—80,000 
(annealed) 
100,000—115,000 
(hard temper) 
5-35 (annealed 


Tensile strength, Ib/in.? 46,000 (annealed) 


Elongation, % in 2 in. 28 (annealed) d 


ve 


Pure nickel = 99.95-99 99% Ni. 
Commercially pure nickel = Ni + Co 99.40%; 0.10 C, 0.05 Si, 0 
Monel = 67 Ni, 30 Cu, 1.4 Fe, 1.0 Mn, 0.15 C, 0.10 Si 


N 
N 


100° C.) 


23-2 (hard temper) 8-2 (hard temper) 30-20 (heat treated 17 


Monel 
1300-1350 


“K”’ Monel 
1315-1350 


Inconel 
1395 


0.06 (0-100° C.) 0.048 (0-100° C.) 0 036 (40-100° C.) 
: 4 7% of copper 

4.0 2 8 

14 (25-100° C 14 (25-100° C.) 11.5 (38-93° C.) 

16 (25-600° C.) 16.1 (38-760° C 

30,000-—45,000 50,000--70,000 30,000—40,000 
annealed (annealed) (annealed) 

90,000—-110,000 90,000—1 10,000 90,000-—120,000 


(hard temper) 
70,000-85,000 
(annealed 
100,000—120,000 
(hard temper) 
) 50-30 (annealed) 


(heat treated) 
90,000—1 10,000 
(annealed) 


(hard temper) 
80,000—95,000 
(annealed) 
130,000—150,000 125.000-150,000 
(heat treated) hard temper) 
15-35 (annealed) 55-35 (annealed 
2 (hard temper) 


10 Cu, 0.15 Fe, 0.20 Mn, 0.005 S 


“K” Monel = 66 Ni, 29 Cu, 2.75 Al, 0.9 Fe, 0.4 Mn, 0.15 C, 0.25 Si, 0.005 S. 


Inconel = 79.5 Ni, 13 Cr, 6.5 Fe 


ductivity. The magnetic properties of nickel are not so 
strong as steel; hence there is no difficulty with arc 
blow. Monel loses its magnetic properties a little above 
room temperature, while ‘““K’’ Monel and Inconel are 
not ferromagnetic at room temperature. 

The tensile strength of nickel and Monel increases 
about 60% as the temperature is lowered from 20° to 
—250° C. The elongation and Charpy value are as 
high at the sub-zero temperatures as at 20° C. The 
temperature at which cold-worked nickel and Monel 
begin to soften is 650-700° C. Short-time tensile tests 
of nickel at elevated temperatures reveal the first serious 
decline of yield and tensile strengths at 450° C. Nickel, 
like steel, is less ductile at 300—400° C. than at room 
temperature. At 550-650° C. annealed Monel has little 
more than half the percentage elongation at room tem- 
perature. Cracks are likely to occur if Monel is ham- 
mered heavily at 650-1000° C. Nickel, on the other 
hand, can be forged without difficulty at these tempera- 
tures. It is possible to achieve 180° bend angles in free 
bend tests on nickel and Monel at any temperature from 
650 to 1200° C. 

Heat treatment does not raise the strength of nickel, 
Monel or Inconel. However, the strength of ‘‘K’’ Monel 
heated at 850-900° C. and quenched in water can be 
increased 50%, Table 1, by heating at 600° C. for 16 hr. 
and cooling slowly. 

Atmospheres containing oxygen, hydrogen and sulfur 
have characteristic effects on nickel at elevated tem- 
peratures. In air or oxygen at a red heat nickel oxidizes 
at a very much slower rate than iron to form an adherent 
scale of NiO, whose melting point is 1650-1660° C. The 
color of NiO is green; the black color of the scale is said 
to arise from excess oxygen. Since preferential oxida- 
tion occurs at the grain boundaries of commercially 
pure nickel, the scale does not flake off. The scale on 
Monel at a red heat in air contains copper and nickel, 
but not in the same ratio as in the alloy. Nickel forms 
a malleable eutectic with NiO (1438° C., 0.24% Oy). 
NiO appears to dissolve in fused borax (no details), and 
in fused boric acid as well, if other oxides are present. 

Sulfur forms a eutectic with nickel at the low tempera- 
ture of 644° C. If over 0.025% S is present, nickel is 
hot short unless manganese or magnesium is present to 
form MnS or MgS. The MnS-Ni eutectic melts at 
1325° C. and does not impair malleability. Solid at 
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2000" C. MgS (density 2.8, nickel sulfides have a 
density of 5, but are soluble in molten nickel) is the pre 
ferred form in which to hold sulfur. Magnesium is said 
also to combine with carbon monoxide dissolved in the 
nickel. Wrought nickel may contain 2'/, cc./100 gm. 
of gas analyzing 80% CO, 15% He, 5% COr. 
is more soluble in nickel than in iron. 

A comprehensive description of all phases of the weld 
ing of nickel and high-nickel alloys fas been prepared for 
Welding Handbook by Flocke and Schoener.' The 
cupro-nickels and alloys in general containing less than 
50% Ni are not discussed in the review. A review by 
Hook (THE WELDING JOURNAL, 16 (3), Research 
Suppl., 35-36 (1937)) should be consulted for the welding 
of copper alloys containing less than 50% Ni. 


Hydrogen 


WELDING WROUGHT NICKEL 


Welding procedures for nickel are in nearly all respects 
the same as for Monel,'****° and are not radically 
different from those for mild steel. Pilling and Kihlgren‘* 
suggested indefinitely that nickel was more sensitive to 
abuse than Monel during welding. 


Oxyacetylene Welding 


Field of A pplication 


Although Welder’ recommended oxyacetylene weld 
ing for all material '/g to */s in. thick, Burchfield and 
Flocke® in 1939 used the torch only for material up to 
1/,in. thick. Sheet as thin as 0.0165" or 0.021 in. thick® 
has been oxyacetylene welded, and the process is adapted 
especially to the welding of pipe'*’ up to 3 in. diame 
ter, in. wall. A nickel firm®” prefers oxyacetylene 
welding for tubing, which usually is '/, to 4 in. diameter, 
0.049 to '/s in. wall, and requires position welding. A 
typical application described by Oxy-Acetylene 7ips*' 
is a dome 10'/» ft. diameter, '/, in. thick for a brewing 
The annealed sheets were welded from the 
inside of the dome to obtain a penetration of */; to */, of 
the thickness. The weld was completed from the out 
side, thus facilitating finishing and avoiding porosity on 
either the outside or the inside surfaces, both of which 


vessel. 
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were polished. The welds were rough ground and hand 
hammered flat before being polished. An oxyacetylene 
welded tank truck (3000 gal. capacity) 0.109 in. wall 
was described by Flocke* who mentioned oxyacetylene 
welding a nickel cylinder 16 in. diameter, */s in. thick 
to a nickel casting, using 90° V, tacked, butt welds. 
Marples® oxyacetylene welded a steam-jacketed nickel 
vessel '/, in. thick in 1938, while Boutté'? used the torch 
to weld a nickel induction furnace, 0.20 in. wall. Nickel 
rods */, in. diameter have been oxyacetylene welded," 
filed flush and drawn to wire 0.032 in. diameter. In 
1927 nickel tubing was made by oxyacetylene welding.'* 
Scrap nickel anodes (90% Ni, 8% C, 2% Fe) were 
fused together in 1915, and are still so salvaged. 


Preparation of Joints 


Faulty alignment of the edges is intolerable in expen- 
sive metals; consequently jigging is desirable,''*."7 
but should not be too rigid.". Sheet up to 0.050 in. 
thick is flange welded without filler rod. The flanges 
should be as low as possible, 1/js—*/3. in. high,'’ and 
should be bent a little less than 90°, for example 75°,° 
to avoid gaps on the underside and excessive reinforce- 
ment. The bent edges of the flange are placed in virtual 
contact before welding. Early welders” bent the 
flanges only 45°. Corner welds in sheet less than 
0.050 in. thick also are made by flanging.®?° There is 
danger of a crevice remaining on the underside of a 
flange weld. The crevice may be filled with silver 
brazing alloy to prevent adherence of undesirable ma- 
terial in service, but may act as a notch under stress”! if 
not filled. Unflanged corner welds*” can be made in 
sheet at least 0.037 in. thick. 

Butt welds with filler rod are made in material over 0.050 
in. thick. A nickel firm?’ uses no beveling for thicknesses 
from 0.050 to °/s. in. and uses75° V for thicker plates. The 
edges are beveled 90° V above 0.048 in. by Marples,®7.2° 
but Boutté™ resorted to beveling only above 0.12 in. 
or 0.16 in.** For thick plate the scarf angle’ may be 
less than 90° V (75° preferred). Grooved backing 
plates are used for butt welds in sheet to provide re- 
inforcement against crevices and root cracks. 
Butt welds in pipes over °/3. in. wall are 75° V and re- 
quire no jigging, because they are tacked (two tacks for 
'/s- to l-in. tubes, four tacks for 2- to 5-in. tubes). Root 
spacing is about half the wall thickness or slightly less.**7 
Unless foreign material, such as cutting lubricant, is re- 
moved before welding, cracks may occur. Two methods 
of making pipe connections to vessels are shown in Fig. 1. 

Although Schimpke and Horn,*4 who recommended 
the same tactics for nickel as for copper, advised against 
tacking, Coulter*® uses tacks '/s—*/,»5 in. long at intervals 
of 4-S in. In 1929 Boutté' avoided tacking on account 
of brittleness , which is not observed in commercial nickel 
of present purity. A German writer’ used a spot welder 
for tacking. Trautmann*® points out that a gap must 
be left between the edges to secure penetration, as in 
any other metal. Before tacking, the spacing may*® 
be 1/27 (1. = thickness), or */\5 in. per foot, if the joint 
is not tacked.*’ 


Flame 


All agree that an oxidizing flame produces a brittle, 
porous, unsightly weld. The slightest excess of oxygen 
in the flame has been found to cause porosity*® and 
brittleness.’ Excess oxygen also oxidizes*? magnesium. 
While some recommend a neutral 
flame, most slightly 
reducing flame to exclude the possibility of oxidation. 
Canzler®** considered a neutral flame to be equivalent 
to a slightly reducing one, but Pilling* found that even 
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Fig. l—Methods of Welding Pipes to Vessels**’ 


a slightly reducing flame oxidizes magnesium to form a 
scum. Excessive acetylene is said to cause porosity" 
and carbon pick-up by the puddle," with attendant 
brittleness.** The slightly reducing flame has 
or '/s-in.’8 acetylene feather. In 1928 Crawford and 
Schoener" used a more reducing flame for nickel than 
for Monel. 

A soft, low-velocity flame'*.*4* being desirable to 
reduce the agitation of the puddle, a tip one size larger 
than for steel generally is 
Rogers’® belief that a large tip was required to over 
come the rather high thermal conductivity of nickel is 
not entirely sound. Too large a flame boils the metal 
and melts holes; too small a tip favors chilling with 
attendant entrapment’ of gas bubbles. Some weld 
ers*”.> use a tip either larger than or the same size as 
for steel. A few others*!**”*. use the same size tip as 
for steel, but select an even smaller tip for material less 
than '/s in. thick. Acetylene consumption may be 
90-112,® 107,** 112,” or 135" cu. ft. per hr. per inch of 
thickness. In two-torch vertical welding” each torch 
may deliver 22 cu. ft./hr./in. The acetylene should be 
free from sulfur.**.** 


Flux 


Many authorities!*.'!.%?.5.41,%.237 se no flux; conse- 
quently the nickel puddle is more sluggish than the 
Monel puddle for which flux is used. Some of these 
authorities*:".".6 recommended proprietory fluxes about 
1930. For example, Boutté'* once urged the use of flux 
containing manganese on rod and edges, but in 1934 he* 
stated that the flux yielded brittle welds. ‘che man 
ganese“” was expected to obviate cracks due to sulfur 
Simply to dissolve oxides, to protect the puddle from 
the atmosphere and to improve the fluidity or surface 
tension, fluxes consisting of anhydrous borax*® alone 
(1939), 20% borax, 80% boric acid’ (1930), 25% 
borax, 75% boric acid® (1939), 50% borax, 50% boric 
acid® (1928) or powdered boric acid alone®” (1931-35 
have been used. Marples’ (1938) uses a saturated 
solution of boric acid in alcohol more sparingly than 
with Monel. Liider® (1929) added a small quantity of 
chlorides to boric acid, while Herrmann" (1933) added 
MgCl. to the alcoholic solution to assist deoxidation. 
Tukazinski** used a flux containing 50% boric acid, 
30% borax, 10% NaCl, 10% BaCQs. 
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The paste of 80% boric acid and 20% borax with 
water was said by McNeil” to prevent loss of silicon and 
magnesium. If Si and Mg were lost, spitting was ob- 
served as the puddle froze. The borax-boric acid paste 
has been made with waterglass,*® and in an English 
patent” waterglass alone was used with a carbon backing 
block to provide a reducing atmosphere. Bubbling the 
acetylene through alcohol saturated with boric acid has 
been satisfactory.** In 1936 Holler®* used a flux con- 
taining titanium, silicon or other deoxidizers. The 
usual array of secret fluxes*! has appeared for nickel as 
for other metals, and in 1924, when commercial nickel 
contained considerable quantities of nickel sulfide, 
Kinsey” coated the rod with shellac containing borax, 
carbon, Mg, Mn and Si. 


Filler Rod 


Proprietary rods of essentially the same composition 
as nickel base metal are recommended.” For best 
corrosion resistance the rod should have essentially the 
same composition as base metal.'*? Four elements 
Mn, Mg, Si and Ti—have been added to improve the 
welding qualities of nickel filler rods. Rods containing 
0.1 to 2% Mn to protect against so-called gas absorption 
and oxide inclusions were patented in 1922, and rods 
containing 4 to 5% Mn were used in 1924,” but 
tended to yield porous welds.*!_ Herrmann" stated that 
the rod should not contain over 0.1 Mn if the plate con- 
tained 0.2 Mn, apparently based on Canzler’s® research. 
Using nickel containing 99.61 Ni, 0.22 Mn, Canzler 
secured welds that could be bent 180° flat without 
cracks, if the rod contained 99.72 Ni, 0.10 Mn, but 
cracks occurred at 180° if the rod contained 1% Mn. 
Serious cracking early in bend tests was observed if 
both plate and rod contained 1% Mn. 

Magnesium was added in 1929 to the extent of 0.3% 
with Mn to nickel containing <0.02 S for filler rods by a 
German firm,* who pointed out that filler rods should 
be free from slag inclusions. In 1932 McNeil" reported 
that 0.06 Mg in a weld raised the strength, but that 
additional magnesium served no useful purpose. In 
fact, excessive magnesium made it more difficult to de- 
posit the rod, according to Herrmann," who insisted 
that the magnesium content must be adjusted (no de- 
tails) to the manganese content. The beneficial action 


Table 2—Tests of Nickel Filler Rods in Oxyacetylene Welding. 


Rod A B 
0.022 0.019 0.068 
Si 0.17 0.01 0.19 
Cu 0.24 0.05 0.04 
Fe 0.20 0.13 ().24 
Mg 0.07 0.014 0.09 
Co 0.00 0.00 0.00 
Mn 0.35 Trace 0.02 
5 0.011 0.0008 0.008 
Mg/S 6.38 17.5 11.3 
Mg-0.02/S 1.53 7.5 8.73 
Fusion Calm Calm Calm 
Method of welding Forehand Forehand Forehand 
Hot short No No No 
Flux None None Non 
Blow-holes None Some on surface Non 
U-bend Good Good Good 
Finish Good Good Good 
Remarks Backhand welding 


vielded fewer 
blow-holes 


The rods were deposited with a torch delivering 110 cu. ft. acetylene per hr. per in 
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of magnesium in nickel rods was shown by Boutté* to 
be related to the sulfur content, Table 2. The rods con- 
taining so littke Mg or so high S that insufficient Mg 
remained in the weld metal to combine with all sulfur 
yielded brittle welds. If the ratio Mg-0.02/S was 
greater than 4, the rod yielded satisfactory deposits. 
The significance of the factor 0.02 was not adduced nor 
was the weld metal analyzed. For practical purposes 
Boutté recommended that the ratio should exceed 5, 
and that not over 0.015 S (not less than 0.09 Mg) should 
be present in the rod. Since 0.015 part of sulfur com- 
bines with 0.011 part by weight of magnesium to form 
Mg5S, it appears either that a large proportion of Mg in 
the rod is oxidized during welding or that the excess Mg 
is required by the equilibrium constant of the reaction 
NiS + Mg = MgS + Ni, which may be written Mg X 
S, assuming saturation of Ni by MgS under welding 
conditions. Association of Ni and Mg also may con- 
tribute to the required excess of Mg in the filler rod 
Boutté’s assumption that magnesium’s sole function was 
to combine with sulfur and not to affect dissolved gases 
should have been verified by analysis of the deposits 
for CO and Hae. 

The blow-holes in the deposit from rod B, Table 2, 
were attributed to low silicon content. Silicon acted 
as a deoxidizer, and the rod should contain at least 
0.20% Si, according to Boutté. McNeil" stated that 
rods containing 0.8 Si yield quiet weld puddles. Filler 
rods should contain a little titanium, Boutté**® found, 
to form an oxide film which prevented further oxidation. 
Coating a nickel oxyacetylene welding rod with cobalt 
was said by Liider and Heinemann® (1936) and others**” 
to cover each globule at the instant of welding with a 
layer of cobalt which prevented absorption of hydrogen. 
Plating the rod with silver or copper is useless, and 18-8 
rods are too viscous for welding nickel,*' holes being 
melted in sheet. 

The diameter of the filler rod may be 
(7 = thickness). A nickel firm*” 
plates */15 in. thick and over. 


51“ or 
ie-in. rod for 


uses ° 
Welding Procedures 


The issue that has adsorbed greatest attention in the 
literature is the direction of the flame. F. G. Flocke 
(private communication, June 1940) points out that 


Boutte* (1934 


D E F G H 
0.132 0.104 0.104 0.115 0 066 
0.23 0.17 0.23 0.07 0.08 
0.46 2.21 0.14 0. 1¢ 11 
0.39 0.26 0.35 0.48 () 
0.11 0.07 0.08 oo ( 
0.97 0.06 0.35 0 31 0 65 
0.37 0.62 Pract Pract 0.10 
0 O86 0.013 O18 O88 
1.67 5.4 6.10 1 84 
1.36 3.85 1 6 19.238 Lae 

Calm Very calm Good Good 
Backhand Forehand Forehand Backhand Backhand 
Brittle No No No Britth 
Mn flux Non Non Flu Mn flux 
Numerous Nom Nom Nom Some in metal 
Fracture at Good Flat bend Good Fracture 

small bend 
angl 
Bad Good Good Good A veragt 
Excellent 
nickel 
type of flame not stated 
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Table 3—Mechanical Properties* of Butt Welds in Commercially Pure Nickel by the Oxyacetylene Process 


Tensile Strength 


% of Elongationt 
Details of Specimen Lb./In.2 Unwelded Welded Unwelded Reference 

As welded, using flux containing Ti, Si or other deoxidizer 50,000 83 10-30 40-50 Holler*? (1936) 
Hammered and torch annealed 83,000 138 38 40-50 Holler* (1936) 
Butt welds, 0.55 in. thick, 0.43 in. wide, leftward welding 47,000t 78 é a Horn and Geldbach”! (1932 
Butt welds, hammered, 0.024—0.030 in. thick 82,500** 138 er 2S Horn and Geldbach”! (1932 
Machined butt welds, leftward welding, no flux 39,700 53 9.9 18.7 Pilling and Kihlgren* (1929 
Machined butt welds, leftward welding, boric acid flux 27,300 20 5.0 18.7 Pilling and Kihlgren* (1929 
Machined butt welds, leftward welding, boric acid flux 27,300 20 5.0 18.7 Pilling and Kihlgren‘* (1929 
Machined butt welds, rightward welding 45,000 60 17.3 18.7 Pilling and Kihlgren* (1929 
Machined butt welds, leftward welding, borated acetylene 47,100 63 20.4 18.7 Pilling and Kihlgren* (1929 
Machined butt welds, rightward welding, borated acetylene 48,000 64 20.4 18.7 Pilling and Kihlgren* (1929 
Unmachined butt weld '/s in. thick eee 90-98 30-35 Pilling and Kihlgren* (1929 

* These results are of historical interest only. 

Tt Elongations quoted by Pilling and Kihlgren were measured in 2 in. across weld; all fractures in their experiments occurred in weld, 
except for the unmachined welds, which fractured in the heat-affected zone. 


t Average of six specimens ranging from 31,700 to 57,000 Ib./in.? 


** Average of three specimens ranging from 74,000 to 89,500 Ib 


forehand welding is universal practice in this country. 
Most in the literature 
point the flame toward the welded portion (rightward 
or backhand welding) in order to reduce the cooling rate 
of the puddle,’*** which prevents porosity in thick 
material’! (or all thicknesses”) and prevents cracks” 
if the weld is made under restraint. Because the flame 
plays over the completed weld, it is not oxidized and 
gases are evolved without spatter.?**> For some reason 
Boutté'** stated that rightward welding also reduces 
distortion. Since the inclined puddle necessary for 
rightward welding cannot be maintained in thin ma- 
terial, the flame is pointed toward the unwelded portion 
(leftward or forehand welding) in welding sheet™ less 
than 0.08?! in. or 0.04 in.*** thick. Pilling and Kihl- 
gren* and Trunschitz® stated that the flame in leftward 
welding acts as an injector to sweep air over the exposed 
puddle; air, not products of combustion, was supposed 
to be absorbed by molten nickel. In 1928 Crawford 
and Schoener” favored leftward welding, while McNeil” 
preferred it for welds made under no restraint. Ex- 
perience convinced Hignett® that leftward welding was 
more tiring than rightward. For this reason a leftward 
welder producing welds at the start of a day’s work 
having a tensile strength of 62,000 Ib./in.? could do no 
better than 50,000 Ib./in.? at the end of the day. A 
rightward welder, on the other hand, maintained 62,000 
Ib./in.? throughout the day. A few 
emphasize the importance of holding the flame 45° to the 
surface. 

Although Herrmann™ favored puddling the rod in 
welding thick plate, Tull” and others!“ frown on the 
practice, because impurities are stirred into the puddle 
and deoxidizers and desulfurizers are lost. The rod may 
be held quietly in the puddle,” but it appears best to 
keep the end of the rod always in the flame'*.** to avoid 
oxidizing the surface of the globules. The surface of the 
puddle is touched with the tip of the luminous flame.***” 
Obermiiller® weaves the torch in rightward welding to 
reduce shrinkage stresses, but weaving causes pinholes 
in leftward welding.» F. G. Flocke (private com- 
munication, June 1940) found no porosity in forehand 
welds. Jigs may be loosened during welding to reduce 
shrinkage stresses.*! 

It is bad practice to use more than a single layer?!)*4,*" 
because oxide from the surface of the preceding layer 
contaminates the next bead and causes porosity. For 
the same reason it is unwise to go over a weld with the 
torch to improve the appearance.** Good welds in 
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Five broke in weld metal. 


/in.? Fractures 0.6—1.1 in. from weld. 


nickel have the same appearance as in steel,’ but the 
ripple spacing is larger®® in nickel. 

The speed attainable in oxyacetylene welding, ac- 
cording to Granjon,“ is 1.28/T ft./hr. (T = thickness, 
in.). The formula indicates a speed of 20 ft./hr. for 
sheet '/\ in. thick. 


Special Torches 


To prevent exposure of the puddle to the air during 
leftward welding, Trunschitz® surrounded the oxy- 
acetylene flame with an air-acetylene flame. An oxy- 
acetylene torch with auxiliary air-acetylene flame was 
recommended® in 1930 to enable welds to be made in 
nickel containing sulfur that could not be tacked with the 
customary torch. These special torches never have 
come into general use. 


Finishing the Weld 


Nickel flux not being corrosive nor used to a great 
extent, it is only necessary to remove the black oxide.” 


Mechanical Properties 


A nickel firm** reports 60,000 Ib./in.* as the minimum 
tensile strength of oxyacetylene welded joints. Tests 
have been made by three investigators, Table 3. The 
results are not of sufficiently recent origin to draw re- 
liable conclusions. In 1932 Obermiiller® relied on oxy- 
acetylene welds for 80 to 90% of the tensile strength of 
unwelded metal. Good welds can be bent 180° without 
cracking.*"* The International Acetylene Associa- 
tion®' requires 40,000 Ib./in.* in the tension test of 
oxyacetylene welded samples 1'/2 in. wide cut from a 
weld 12 in. long in sheets 4 in. wide, '/s in. thick. Root 
bend specimens of the same size must bend 90° without 
fracture in a guided bend jig. 


Metal Arc Welding 
Field of Application 


While writers in 1930° and 1934” restricted metal arc 
welding to thicknesses of not less than 0.079 in., Flocke 
and Schoener’? do not hesitate to use the process for 
sheets 0.037 in. thick. Sheet as thin as 0.018 in. has 
been welded?” with electrodes less than '/,. in. diameter 
by means of rectifiers. Special clamping and fitting 
may be mandatory’ below 0.050 in. Marples’ has 
welded sheet as thin as 0.028 in. but ordinarily uses 
metal arc welding only for material at least 0.064 in. 
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Spe Electrode 
Joint Type Minimum and Maximum Between Diameter Electrode Positions for 
: Gauges (U.S.S.) for Plates in Downhand Welding 
oe Sennen Various Positions Column 1 End and Side Views 
1s ssume 
For | For For For 
Min. | Max. | Min Max 
Min. Max. Gauge |Gauge | Gauge Gauge 
(f) 037" (20 ga.)|.125" (11ga.)} 0 | %"| 075") 
€ BUTT \ | Electrode Trawel 
(v) 062” (16 ga.)| (11ga.)| | 1%"| .075"| 1%" 
(o) .050" (18 ga.)| (11ga.)| 0 | 
SINGLE BUTT (f) (9 ga.) 4%” 46" | 3m" | 
(0) 56” (9 ga.) | 56° \— 
liv) 36" (7 ga.) %" |%"| % 
19 \\ 
() No Max. | 14" | 36" | | 59" & 3%” _\ 
(v) No Max. | 1%" | 3%" | 
(f) .037” (20ga.)} No Max. None .075"|54" or %”" 
(v) 062” (16 ga.)| No Max. None | or 3% "|__| 
(o) .062” (16 ga.)} No Max. None 075 or %”" | 
(f) .062” (16 ga.)|} No Max. None 36" or 
At. | “\\ 
(v) .062” (16 ga.)} No Max. None 340" or 34%” | 
AL Q (0) .062” (16 ga.)} No Max. None 34" or L 
.050" (18 ga.)| 14" (11 ga.)| None | .075"| 14" 
(v) .062” (16 ga.)} 4%” (11 ga.) None 
| (0) .062" (16 ga.)| %" (11 ga.)| None | .075"| %" | 
LJ | 
CORNER 
(f) 34” (13 ga.) No Max. None ly” 56” or 
(v) 3” (13 ga.) | No Max. None or 36” “fl 
(0) 34” ‘13 ga.) No Max. None or 346" 
Same as for Square 
—T——, (f) .037” (20 ga.)| .062” (16 ga.) None .075” 36” Butt 
F (at top of table) 
a Same as for Square 
(f) .031” (22 ga.)| .050” (18 ga.) None 075" 36" Butt 


Fig. 2—Types of Joints for Arc Welding Monel, Nickel and Inconel*”’ with Covered Electrodes. 
for the Corner, Flange and Square Butt Welds 


= Fle position 


v = Vertical position 
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Only a Single Pass Is Requiced 
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thick. There seems to be no upper limit for metal arc 
welding, which has been used to weld nickel linings for 
barges” and steel shells. Are welding, if applicable, 
causes less buckling than gas welding*” and is the only 
process suitable for loose linings in steel equipment. 
Unless all lead is removed in a zone within 3 in. of the 
welded joints from the surfaces of steel plates that pre- 
viously had been lead lined, the lead may be absorbed 
by and embrittle the nickel, Monel or Inconel.** 


Preparation of Joint 


Since the majority of welding is performed on sheet, 
it is important*’ to jig all welds in sheets up to !/s in. 
thick. Jigs serve to maintain alignment and to act as 
a mold for uniform root reinforcement. It is not neces- 
sary” to use backing if the thickness is over '/s in. Back- 
ing is imperative for sheet 0.050 in. thick or less, and is 
desirable*” for sheets up to 0.093 in. The grooves in 
the copper backing bars should be shallow ('/¢—'/s2 in. 
maximum depth, */\.-'/, in. wide) and without corners. 
The edges of sheet 0.031 to 0.050 in. may be turned down 
a little instead of flanged up. Tacks should not be 
over 6 in. apart, especially for thicknesses below '/s in., 
according to Lacy,**' but a nickel firm*” tacks 15° U- 
groove joints (°/16 in. radius, */3 in. lip) in plate on 8-in. 
centers with tacks 1 in. long. Tacks '/, in. long on 4 
to 8 in. centers are used for flange and corner welds. 
Beveling (75° V*) is required for material */,. in.’ or 
0.20 in.** thick and over. There should not be over 
'/i¢ in.-shoulder in order to assure penetration. A 
writer in 1930° suggested spacing the edges 0.08 in. A 
nickel firm*” suggests 0 to */s:-in. spacing for unbeveled 
butt welds, '/,. to '/s in. for 75° V butt and '/j, to */3 
in. for U welds, Fig. 2. Dark oxide films must be re- 
moved by light grinding from any area upon which weld 
metal is to be deposited. Oxide causes a wandering arc. 
If the metal temperature is below 0° C. it is best to pre- 
heat Monel, nickel or Inconel to 20° C. (70° F.) or over 
for 6 in. on both sides of the welding groove. 


Electrodes 


Bare electrodes never are used, because they yield 
porous welds, the arc is difficult to maintain, and there 
is excessive spatter. The covered electrodes now em- 
ployed have a heavy extruded coating,®* the core rod 
containing some titanium (*/,% Ti>) and magnesium™.” 
to reduce porosity, which no longer is troublesome.**” 
Early electrodes, which were hand dipped to permit 
wrapping an aluminum wire (deoxidizer) around the 
core rod,* often had eccentric coatings. The coating 
used in 1932 contained ferro-titanium.**? Cellulose was 
excluded from the coating,®® because carbon monoxide 
oxidizes* magnesium in nickel. According to McNeil,” 
titanium was intended to remove oxygen, not nitrogen, 
which is troublesome in steel but not in nickel. Exces- 
sive magnesium was said to thicken the slag to so great 
an extent that the globules did not coalesce. In addition 
to titanium as a deoxidizer, some early coatings® con- 
tained calcium, which formed a vapor jacket around the 
arc, displacing air. Two patented coatings were de- 
scribed by the Bureau of Mines.*** One coating con- 
tained 65% graphite to provide a shielding atmosphere. 
The other consisted of 12 parts TiO:, 13 parts wood 
flour, 6 parts ferro-manganese, with sodium silicate to 
protect the wood from premature decomposition and 
to enter the slag. In their research Pilling and Kihl- 
gren‘ found that many substances were quite useless as 
coatings. Practically all prefer d.c. to a.c.5 and use 
reversed polarity. Only one authority’ uses straight 
polarity (electrode negative). As G. W. Plinke points 
out (private communication, July 1940), there is no 


450-s WELDING RESEARCH SUPPLEMENT 


reason that a.c. electrodes suitable for welding nickel] 
could not be developed. Ayrton constants for the 
nickel arc are given by Seeliger.®4 


Welding Procedures 


The same general principles apply to metal are welding 
Monel as nickel.'***,,%87 Recent recommendations for 
currents are higher than those made by earlier investi- 
gators.» A nickel firm?” uses 65 amp. for !/,»-in. sheet 
(*/s-in. electrode), and 110 amp. for '/s-in. sheet (°/30-in. 
electrode) or 90 amp. with '/s-in. electrode. G. W., 
Plinke (private communication, July 1940) uses smaller 
electrodes than for mild steel to reduce shrinkage stresses 
which might accentuate cracks. Lacy®! recommends 
electrodes a little larger than the thickness of the. sheet: 
for example, the diameter is 0.104 in. for sheet 0.080 in. 
thick. A short are should be (1/;.—"/s in.®); 
a long are causes oxidation and embrittlement. Al.- 
though Lincoln Handbook®?* recommended holding the 
electrode up to 45° to the vertical in order to “‘pull the 
are’ in flat butt welding, Flocke®*** states that the 
electrode should be normal to the weld puddle, that is, 
about 20° to the vertical, Fig. 2, in order to cover the 
puddle uniformly with slag without forcing slag onto 
the unwelded scarves ahead. Recently, Lincoln Hand- 
book** stated that any angle up to 45° was satisfactory, 
and the International Nickel Company*” recommend 
20° to the vertical, pulling the arc in downhand welding. 
In fillet welding the electrode should bisect the angle 
between the plates, while the arc should be played on 
the heavier of two plates of different thicknesses.* Long 
joints are best welded intermittently, according to 
Boutté,**” the gaps being filled after cleaning. 

A slight weave*” becomes desirable in butt or lap 
welding material 5/3 in. thick and over, and in fillet 
welding material '/; in. thick and over. Weaving is less 
satisfactory than straight, stringer beads for thick plates, 
according to G. W. Plinke (private communication, 
July 1940). Puddling should be avoided.’ The same 
technique as for steel was used in vertical and overhead 
welding. The arc should be slightly shorter?” in 
overhead welding than in downhand. The current 
should be reduced 5 to 15 amp. for overhead and 10 to 
20 amp. for vertical welding. Vertical welds should 
be made downward in sheet 0.062 and 0.078 in., but 
upward for thicker metal. In vertical welding the 
electrode is held at right angles to the surface being 
welded. Arcs should be broken slowly to protect the 
freezing metal with a blanket of flame. Although 
multiple beads are undesirable on account of oxides and 
porosity,”**8 complete penetration without backing 
can be secured only in sheets up to 0.10 in. thick.’ 
Multiple layers as for steel are required for thicker 
material. Details on electrode sizes, root spacings, 
tacking and number of passes are given by a nickel firm*” 
for butt, fillet and corner welds. For example, two passes 
are required for 75° V butt welds in '/,-in. plate, three 
or four passes in '/,-in. plate. All slag must be removed 
from each bead before the next is deposited. 


Mechanical Properties 


The results in Table 4 show that a minimum tensile 
strength and free bend elongation of 60,000 Ib./in.* and 
25% may be relied upon*” for butt welds made with 
covered electrodes. 


Carbon Arc Welding 


The process is suited for sheet 0.020—0.051 in. thick,” 
0.037-0.050 in. thick,** 0.037 to at least 0.062 in. thick,'” 
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Table 4—Mechanical Properties of Metal Arc Welds in Commercially Pure Nickel 


Tensile Strength 


% of Un- 
Specimen Lb. /In.? welded 

Butt welds made with covered nickel elec- 

trodes; parallel section specimens machined 

flush. '/s in. thick, */s9-in. electrodes 69,900 
Ditto, but reduced section specimens 71,400 
Parallel section specimens in plate */s in 

thick, 5/30 in. electrodes 69,400 
Ditto, but reduced section specimens 74,000 
Butt weld made with electrodes having ex 

truded coating 60,000 
Single V butt weld in plate */\. in. thick; root 

chipped and rewelded. Covered electrodes 60,600 
Ditto, except in plate */, in. thick 63,300 
Butt weld made with covered electrodes 60,000 

70,000 

Ditto 
Butt weld in plate '/, in. thick. Electrodes 

with covering containing titanium 51,000 
Butt weld made with electrodes covered with 

a mixture containing Caand Ti. All thick- 

nesses up to '/, in. 60,000 
Machined butt welds with bare electrode 7,000 91/> 
Machined butt welds with electrode contain- 

ing Ca and Ti in coating 40,700 55 


* Root and face bend specimens were satisfactory 
7 Fracture in weld. 


or 0.050—0.062 in. thick. Of course, carbon are welds 
can be made in any thickness.’ For example, a nickel 
dry-cleaning unit was fabricated from plates '/s—'/, in. 
thick.” Tubes are welded to tube sheets by melting 
down the ends of the tubes, which project '/s—'/, in. 
beyond the sheet, or by fillet welding.” **> The automatic 
carbon are was used to some extent in the construction 
of a nickel-lined barge.” The process is slower than 
metal arc welding,” and the height of bead and degree 
of penetration are under close control, especially if a 
narrow bead is desired™ in sheet 0.037—0.062 in. thick. 

A rod and short in.! 
long are essential. The short, tapered carbon'*! may 
be used to preheat the start of the weld by contact re- 
sistance."? The carbon is negative,’** and the arc 
points in the direction of the unwelded seam.' Filler 
rod and carbon are inclined 30 to 60° to the sheet.!. The 
current, Table 5, is proportional to sheet thickness, and 
is low. However, in welding nickel '/s—'/, in. thick, 
Welding Enginéer® used 75-175 amp., carbons !/s—*/1 
in. diameter. Excessive current yields porous welds.” 
Since the development of covered metal electrodes, 
according to a nickel firm,’ the need for carbon arc 
welding has practically ceased to exist. 

Not so high tensile strength® and bend ductility’** 
are secured with carbon arc welding as with the metal 
arc. Nevertheless, Schoener and Flocke®™ report 55,000 


Table 5—Current for Carbon Arc Welding Nickel and Monel 


Flocke and Schoener’s's? 


Recommendations Jennings’® Recommendations 

Thickness Diameter Thickness Diameter 

to Be of to Be of 
Welded, Carbon, Current, * Welded, Carbon, Current, 
In In. Amp. In. In Amp 

0.020). 062 5/30 32—42 0.020—-0.051 5/59 33-43 
0.062—0. 157 3/16 12-2 0.040-0.081 3/\6 13-55 
0.157—"/, 62-85 0.081—0.114 55-63 
0.114-1/, 63-72 


* If copper or other backing is used, 5 to 10 amp. additional 
current is required 


Elongation, % 
Un Bend 
Welded welded Ductility Reference 
International Nickel Co.*" (1940 
International Nickel Co.** (1940 
International Nickel Co.* 1940 
International Nickel Co 1940 
25% in 2 in Hiemke® (1939 
31% in 2 in. “3 Flocke and Schoener! (1938 
26% in 2 in ’ Flocke and Schoener! (1938 
30% Burchfield & Flocke® (1938 
160 Lincoln Handbook®,?* (1936 
9.5% in 1 in. MeNeil®® (1932 
27% 180‘ Schoener and Flocke® (1932 
0.7T 49 Pilling and Kihlgren* (1929 
8.0F 19 Pilling and Kihlgren* (1929 


60,000 Ib./in.? and 33% elongation for tensile specimens 
of carbon arc welds. A machined weld made with a 
bare rod failed at 38,000 Ib./in.*, 7% elongation in 2 in. 
in Pilling and Kihlgren’s tests.4 A similar weld made 
with a rod coated with a mixture containing titanium 
and calcium had 50,500 Ib./in.? and 19% elongation 
in 2 in. These results were about 30% higher than 
metal arc welds made with the same coated filler rod, 
yet carbonaceous additions to electrode coverings were 
not countenanced. 


Atomic Hydrogen Welding 


Nickel has been welded by the atomic hydrogen 
process,**”° which may require no flux.*** The high 
flame temperature permitted complete penetration in 
Canzler’s® trial of the process, but vague mention was 
made of porosity caused by oxygen. Welding Industry" 
stated that gases in low-grade nickel may be evolved by 
remelting in the atomic hydrogen flame. Pilling and 
Kihlgren* had poor results with atomic hydrogen weld 
ing. The weld was porous, contained bits of tungsten, 
and lacked ductility. G.W. Plinke (private communica 
tion, July 1940) reports good results with thin plates, 
but did not secure excellent welds in thick plate. 


Resistance Welding 
Spot Welding 
Higher current, less pressure and shorter time are 
required than for steel according to Burchfield and 
Flocke.. Its higher conductivity necessitates more 
accurate control than for Monel.”? Hunt” also stated 
that cracks occur unless the metal is supported around 
the weld. Larsen,’* too, warned about a hot short range 
at 790-900” C. (no details) and used a high conductivity 
electrode to secure welds with the full strength of an 
nealed sheet. To reduce oxidation,?? Marples® flowed 
water over the tips. 
Water-cooled hard copper alloy electrodes*” having 


at least 25% of the conductivity of copper are used with 


1940 WELDING NICKEL AND ITS ALLOYS 451- 


e 
t 
r 
5 
| 
| 
3 
‘ 
4 
2. 


a flat rather than dome tip. Tip diameters are '/s in. 
for 0.025-in. sheet and */j in. for 0.062-in. sheet. A 
polished flat electrode 2 in. square may be used on one 
side to prevent indentation. To secure optimum 
strength current should just be insufficient for spitting. 
Twist and peel tests reveal quality. The twist should 
be at least 70° and a nugget should be pulled in the peel 
test. The nugget should be 50 to 80% of the thickness 
of the joint for equal sheet thicknesses. 

There appear to have been few applications and little 
research. Spot welding was performed in 1919,74 and 
was used to some extent in a nickel-lined barge® as well 
as to tack’ sheets and plates 0.016 to 0.045 in. thick 
preparatory to oxyacetylene welding, the power required 
being one-half as much as for steel. In 1921 Anderson” 
spot welded wires 0.02—0.03 in. diameter for radio tubes; 
a wire 0.01 in. diameter was spot welded to sheet 0.003 
in. thick. Using an electronic controller, Gray and 
Nottingham” spot welded nickel wires with tip loads of 
20 and 40 Ib. for wire 0.010 and 0.050 in. diameter, which 
yielded the best strength. Inadequate pressure per- 
mitted vaporization of nickel and exerted too little forg- 
ing action. Kiefer” was able with thyratron control 
to spot weld nickel wire 0.039 in. diameter to nickel sheet 
0.004 in. thick without deforming the sheet. In welding 
carbonized nickel Briggs’ secured good welds only if 
the carbon was relatively thin. He found that inter- 
granular oxidation of nickel increases the resistance in 
spot welding (no details). 

All metals except aluminum, lead and zinc may be 
spot welded to nickel, according to Burchfield and 
Flocke.* Espe and Knoll” report good welds with 
Monel, tungsten, molybdenum, tantalum, aluminum, 
invar, constantan, 80 Ni-20 Cr alloy, 30% Cr iron, and 
iron. A steel tank 18 ft. long was lined with nickel by 
means of spot welding. Copper also has been spot 
welded to nickel. Spot welding of nickel to tin or 
magnesium is not likely to be successful, according to 
J. H. Cooper (private communication, June 1940). 


Seam Welding 


The process has been used for sheet from 0.016 to 
0.093 in. thick.**.?57 A can opener (peel) test?*’ is used 
to reveal the quality of seam welds. A nugget should 
be pulled out. 


Resistance Butt Welding 


Resistance-butt-welded bars 1'/: in. square had the 
same strength as unwelded stock in Marples’® test. It 
is said® that resistance (butt?) welded nickel tubes were 
exhibited in 1905. In spark plug construction nickel 
tips have been butt welded to steel wires’**! (no details). 
Copper has been resistance butt welded to nickel.*” 


Flash Welding 


The process is applicable to a wide range of thick- 
nesses’* and heat treatment is unnecessary.’ Prac. 
tically the same machine adjustments are made as for 
steel,’ but the jaws must move together more rapidly.*2 
Their motion toward each other must be uninterrupted 
so as to secure a continuous spray of sparks. Heavy 
push-up pressure is required. The flash consists of 
oxidized metal and is readily removable. Woofter* 
offset oxidation by welding as rapidly as possible. To 
avoid chilling and cracks the welds were removed from 
the water-cooled jaws immediately after welding. If 
mercury is present in the atmosphere during welding, 
the welds were said to be ruined. 


Condenser Discharge Welding 
The following formula** applies to nickel wires. 
U = 60 + (1.05 10®xd?/4c) 


where U = voltage, d = diameter of wire in mm., and 
c = capacitance of condenser in uF. 


Forge Welding 


Said to be impossible by many writers!™*?,**.%,7454 on 
account of oxidation and absorption of sulfur from the 
forge fire, forge or hammer welding has been used con- 
siderably**™® for nickel chemical apparatus. Holler,® 
for example, illustrates a hammer-welded nickel tank 
9 ft. long, 32 in. diameter, 0.16 in. wall. The process 
in 1913" and 1921* consisted in heating to a white 
heat and hammering on an anvil itself heated to 800° C. 
In the Krupp process® the nickel plates are heated to 
1000° + 30° C. with a hydrogen torch. Light blows 
are delivered with a hot hammeron a firm anvil. The 
parts are clamped rigidly, and the scraped and rounded 
edges may be nicked to resemble a mortised joint. The 
overlap is 1'/27° (J. = thickness). Flux seldom is 
used."* Horn and Geldbach*! do not heat the plates 
beyond 800° C., although others'** agree with Canzler® 
that 1000° C. is best; too low temperature fails to weld, 
while intergranular oxidation occurs if the temperature 
is excessive. Samesreuther® finds it difficult to make 
good welds in plates over 0.24 in. thick. The advantages 
of forge welding over torch and are welding are said” to 
be that filler rod is unnecessary and that the weld has 
good corrosion resistance. Hammer, roll or forge 
welding is impracticable, according to a nickel firm,*” 
owing to the difficulty of fluxing oxides from the scarves. 
Holler®** reported the same strength (60,000 Ib./in.*) as 
unwelded plate for hammer welds, which had 26% 


Table 6—Pressure Welding of Nickel. Baukloh and Henke” (1939) 


Tensile Strength (Lb./In.*) after 2 Hr. Under Pressure* in the Stated Atmosphere 


Tempera- Nickel to Nickelf Nickel to Iron Nickel to Copper 
ture, °C, Nitrogen Hydrogen Vacuum Hydrogen Vacuum Nitrogen Hydrogen Vacuum 
550 0 0 0 0 0 0 0 0 
600 0 0 0 0 0 3,000 6,000 3,000 
800 21,000 27,000 31,000 es 16,000 6,000 11,000 7,500 
900 28,000 31,000 36,000 28,000 23,000 12,000 14,000 13,000 
1000 28,000 27,000 33,000 31,000 27,000 a) on 
* Pressure not stated. 
t Tensile strength = 60,000 Ib./in.* 
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elongation (no details) compared with 40 to 50% for 
unwelded plate. 

An experimental investigation of pressure welding by 
Baukloh and Henke” showed that welding did not occur 
at 600° C. At 800° C. welding had occurred, Table 6, 
but was not complete at any temperature up to 1000° C. 
Perhaps the failure to secure a weld over the entire 
cross section of the rods, which had ground ends, may 
be explained by inadequate pressure, which was not 
stated. The beneficial effects of hydrogen were at- 
tributed vaguely to hydrides. 


Other Processes 


Unionmelt welds*” in '/s-in. plates made at a speed of 
nearly 18 in./min. had the following properties as all- 
weld metal: yield strength = 16,800 Ib./in.*, tensile 
strength = 55,200 Ib./in.*, elongation = 33% in 2 in., 
reduction of area = 44%, Charpy value = 56 ft. Ib., 
rotating beam fatigue strength (10 million cycles) = 
29,500 Ib./in.2 The free bend elongation was 45%, 
and reduced section specimens had 55,600 Ib./in.* 
tensile strength. Absorption of hydrogen is said’ to 
cause porosity in oxy-hydrogen welding nickel. Owing 
to low flame temperature, the process is not practical.*” 
The reduction of nickel nitrate spread on the scarves to 
nickel by a reducing flame was the basis of a reaction 
welding method described®! in 1914. Thermit welding 
has not been applied to nickel.*4 


Metallurgy 


Although to early writers’? absorption of gas and 
oxidation during welding were the principal metal- 
lurgical difficulty, Boutté*® showed that base metal and 
weld metal must contain magnesium with or without 
manganese in order to prevent the formation of nickel 
sulfide to which hot shortness is attributed. The weld- 
ing process should be designed to minimize the oxidation 
of Mg and Mn, and filler rod and base metal must con- 
tain appropriate quantities of these elements. Ac- 
cording to Boutté,* there should be sufficient magnesium 
in the filler rod so that Mg-0.02/S = 5 at least, and the 
sulfur content should be not over 0.015%. Obermiiller® 
limited the sulfur content to 0.01%. Boutté™ found 
globules of MgS and MnS in weld metal, and Séférian®* 
observed MnS globules in the grain boundaries of a 
weld made with a flux containing manganese. There 
is no intergranular oxidation during welding, because, 
as Picard® points out, the flame is reducing and the oxide 
acts as a protective on the reverse side; in arc welding 
the flux exerts a similar protective effect. Red short 
ness of base metal was troublesome in 1921.% A German 
firm* tested nickel welding rods and weld metal for hot 
shortness by heating them rapidly to a red heat so as to 
avoid absorption of oxygen or sulfur and twisting or 
bending flat. 


Porosity 


Good welds are free from porosity.*! Porosity may 
be caused by a slight excess of oxygen in the flame,” by 
too great excess of acetylene,"* by oxide on a preceding 
bead,* by excessive current in carbon arc welding,” or 
by failing to surround the puddle with the flame.* 
The last condition occurs in leftward welding, the gas 
being absorbed from the air, doubtless oxygen, not from 
the flame.” Weaving the flame may cause pinholes in 


oxyacetylene welding.* In metal arc welding titanium 
and magnesium are added to the core rod to reduce 
porosity, at which cracks have been found to start 
under stress.*' 


Cracks 


In Picard’s® experience there is no danger of cracking. 
However, cracks may occur if excessive flux®* is used, 
or if the sheet is hard rolled before welding.’ Root 
cracks, caused by inadequate penetration creating a 
notch,” may be avoided with a grooved backing.” 
Hignett® observed intergranular cracks in the heat- 
affected zone of a metal are weld in nickel plate '/, in. 
thick that had been immersed in 5% acetic acid for two 
days. The cracks, it was believed, were caused by 
stress combined with corrosion, for an arc weld under a 
stress of 27,000 Ib. /in.* failed in a similar manner, whereas 
an unstressed oxyacetylene weld did not fail. A stressed 
oxyacetylene weld was not tested. Cracks and porosity 
in welded nickel sheet 0.059 in. thick were revealed by 
Kolb” with the aid of magnaflux. 


Peening 
Although peening generally is unnecessary,*' it may 
increase the tensile strength,"* improve the appearance 
of flange welds’ and aid in refining the grain structure.*! 


Annealing 


Not ordinarily required,® exceyt for walls */, in. and 
thicker,*” annealing at 590° C. (1 hr. per inch of thick- 
ness) but not over 650° C. relieves shrinkage stresses.® 
Annealing at 870-930° C. in reducing atmosphere after 
peening may raise strength and ductility®**'’* and may 
refine the grain structure of arc welds." 


Corrosion 


Literature on the corrosion of welded nickel is sum- 
marized in THE WELDING JOURNAL, 16 (5), Research 
Suppl., 33 (1937). Hiemke®* stated that metal arc 
welds have the same corrosion resistance as unwelded 
nickel. In a glucose evaporator” for 625 hr., nickel 
welds exhibited the same rate of penetration (0.002 
in./year) without pitting as unwelded nickel 


WELDING NICKEL CASTINGS 


For oxyacetylene welding the casting requires adequate 
support and must be preheated® to 650° C.” The 
defect is chipped to 90° V. No preheat is required for 
arc welding,’ according to some authorities, but a 
nickel firm? advises preheating to 100-150° C. for 
complicated castings. Sand should be removed from 
the surface of sand cast nickel, Monel or Inconel before 
welding. Nickel filler metal always is used. 

For some reason a Monel rod has been recommended™ 
to repair castings. Stress-relief is desirable if the 
casting® is not preheated. A casting has been welded* 
successfully to a wrought nickel cylinder 16 in. diameter, 
*/s in. wall. A dubious method of repair is to drill a 
hole in the defective region, plug it with a nickel rod, 
and hammer weld at a red heat.” Burning on, while 
difficult, is possible, if the surfaces are wire brushed.’ 
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WELDING NICKEL TO OTHER METALS 


To weld nickel to steel Burchfield and Flocke'* use a 
Monel electrode while Flocke and Schoener? in 1936 de- 
posited a thin layer of nickel electrode on the steel before 
making a 70” V butt weld with nickel electrodes. Butt 
welds in */,-in. plates had a tensile strength of 57,200 
Ib./in.* (failure in weld) with machined, reduced section 
specimens, and 57,900 Ib./in.* (failure in steel) with 
unmachined parallel section specimens. In a free bend 
test the elongation in the weld was 9.6%. Elongations 
of 30% and over are secured consistently by G. W. 
Plinke (private communication, July 1940). A single 
bead fillet weld to join nickel to steel is not satisfactory, 
unless a Monel electrode is used.' Light or heavy cov- 
ered mild steel electrodes always deposited cracked welds, 
according to Holling,*** who used a pure nickel electrode 
on the positive pole to avoid cracks. A nickel firm? 
recommends Monel rods for either arc or gas welding. 
Nickel plates™! 1 in. thick were preheated to 200—260° C. 
to secure good fluidity in welding to nickel-clad steel 
1/, in. thick. For best corrosion resistance it is not 
advisable’ to weld Monel to nickel, or to join by any 
other method, for that matter. To weld a zinc and 
nickel coated steel sheet, nickel filler rods have been 
used." Are or torch may be used to join copper-clad 
steel lamp wire 0.006 in. diameter to nickel wire. 
A nickel firm?* uses bronze welding rods and Monel flux 
to braze copper to nickel, or substitutes silver brazing. 
Carbon are welding with silicon-copper rods is used to 
weld silicon copper to nickel. To arc weld Inconel to 
nickel, a nickel electrode is used, but for oxyacetylene 
welding an Inconel rod and Inconel flux are used. In- 
conel or 18-8 electrodes are used to arc weld 18-8 to 
nickel, and Inconel rod and flux are used for oxyacetylene 
welding. The resistance welding of nickel to other 
metals is discussed in the section on Resistance Welding. 


BRAZING 


In 1928 Crawford™:® used a brass or nickel silver rod 
with 50% borax-50% boric acid flux, or a flux consisting 
of equal parts of borax, boric acid and waterglass. A 
German writer’ used a nickel silver rod with a melting 
range of 700-S00° C. with welding flux (SO% boric acid, 
20% borax). A white bronze flowing at 1040° C. was 
used by Flocke.* Furnace brazing’ with copper is 
performed in a reducing atmosphere at 1100-1150° C. 
To overcome the poor penetration of copper into the lap 
joints, which is due to the high affinity of copper for 
nickel and high-nickel alloys, it is best to plate or coat 
the lapping surfaces with copper foil a few thousandths 
of an inch thick. 


SILVER BRAZING 


Silver brazing has many applications,'** such as pipe 
joints,’ laundry machinery, hospital furniture, castings 
and turbine blades. For textile machinery the joint 
may be welded externally and silver brazed internally for 
a smooth finish." Since overheating causes trouble- 
some oxidation,’* a small flame should be used.*!% 
In fact, the advantage of silver brazing over bronze 
welding consists largely of the smaller flame that can 
be used in the former process, as well as in less discolora- 
tion, better color match and neater joints. The parts 
should fit tightly in order to secure a tight joint with as 
little silver brazing alloy as possible. The joint may be 
given a circling motion to prevent overheating the 
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brazing alloy** or may be concentrated on the seam. 
Flocke® starts the joint away from an edge or corner, 
and brazes toward it. 

The silver brazing alloy should flow at 635-720° C 
to avoid shrinkage stresses and cracks, according to 
Geiger®** and Flocke.* Earlier writers™® extended th¢ 
temperature range to 790° C. and Marples® used a 
brazing alloy containing 40 Ag, 40 Cu, 20 Zn (780° C.) 
However, Leach’ states that a brazing alloy containing 
80 Cu, 15 Ag, 5 P flowing at 705° C. is unsatisfactory, 
owing to embrittlement.** Solders containing 50 Ag, 
18 Cd, 16.5 Zn, 15.5 Cu (635° C.) and 50 Ag, 34 Cu, 16 
Zu yield good joints. Samesreuther*® melted a strip 
of silver into the joint with a torch to join flanges or 
straps to nickel tanks. The following fluxes have been 
recommended to prevent oxidation: hot, saturated 
borax solution; 80% boric acid, 20% borax, 
50% borax, 50% boric acid in alcohol.” Metals 
Handbook" states that borax yields insufficient protec- 
tion and suggests a ‘‘special’’ flux. Eyles! quenched 
the article in sulfuric acid (no details) to loosen flux. 


SOFT SOLDERING 


The soft soldered joint is not suitable for highly 
stressed parts.**? The edges are cleaned® with nitric 
acid,’ *’ before they are tinned with zinc chloride® flux 
(24-33° Be.**) of sufficient dilution that no residue is 
formed.’ Although Marples® states that no free acid 
should be present, Lewis’ recommends a saturated 
solution of ZnCl. in 50% HCl. Rosin is slow and®*37,1! 
is less satisfactory than ZnCl,. Tin-lead solders are 
used with 40-60% although Trautmann® states 
that 90% tin is required for food equipment. The 
Bureau of Standards® soldered nickel like steel in 1924. 
To apply a lead fillet to a nickel tank!" the surfaces are 
tinned before the lead is poured to a depth of 1 in. 


HARD FACING 


Nickel, Monel, Inconel and ‘“‘K’’ Monel can be hard 
faced with materials of the Stellite and Colmonoy 
types.*” To avoid boiling and porosity the base metal 
should be brought only slightly above the melting tem- 
perature of the hard facing material. 


WELDING WROUGHT MONEL 


Monel is an alloy reduced from an ore containing nickel 
and copper in the ratio of 2 to 1. Welding involves no 
fundamental change'**.*4.*! in procedure compared with 
nickel. It is assumed in the following discussion that 
the sections on welding procedure for wrought nickel 
apply as well to wrought Monel. 


Oxyacetylene Welding 


Field of A pplication 


As a rule'’* oxyacetylene welding is used for material 
up to */,. in. thick. Tubing''® was welded as early as 
1919. Floats''* 0.016—-0.062 in. thick have been flange 
welded. Tanks,'® varnish kettles,' sling chains,° 
pickling crates,'“ sheet metal anchors!’ and salt wash- 
ers'” also have been oxyacetylene welded. Steel rolls® 
have been covered with Monel plates 0.16 in. thick with 
the aid of oxyacetylene welding. Fins!” 0.064 in. thick, 
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12 in. wide, 15 in. long were welded to a tube 13 in. long, 
2'/, in. diameter with the aid of angle iron clamps as 
close to the weld as possible to reduce distortion and to 
maintain a gap of '/s in. Welding was started at the 
middle of the tube. Tubs'*! 0.037 in. thick were flange 
welded with steel chill bars on top and bottom of the 
joint. The flange was no higher than !/;. in. to reduce 
buckling and secure a smooth flush weld. 

The oxyacetylene welding of circumferential joints 
(single layer butt weld with complete root fusion) in 
Monel tubes (max. o.d. < 1!/,4 in., max. wall = 0.18 in.) 
has been approved by the Boiler Code*** for Unfired 
Pressure Vessels (Case No. 879). The tubes are welded 
in the horizontal position, are revolved to allow welding 
vertically downward, and are not stress-relieved. 


Preparation of Joints 


The same preparations are made as for nickel,”®.!* 
including jigging, the importance of which was recog- 
nized by Rogers® in 1922. Backing!" also is desirable, 
metal backing being common, but asbestos!** sometimes 
being used. Although unbeveled butt joints have been 
made in sheet 0.020 in. thick,'** Miiller'®> prefers folded 
joints in thin sheet and flange welds for sheet above 
0.020 in. The folded joints require experienced welders. 
Flange welds are applicable to 0.047 in., 90° V beveling 
being required above 0.16 in. according to Boutté.™: 
124,126,127,128 Some authorities bevel above in.'” 
or 0.079 in.’ (60-90° V). A brief practical discussion 
of corner and flange welding was given by Meslier'®! in 
1929. The black surface film must be removed from 
hot-rolled Monel before welding sulfuric acid apparatus 
without flux with a special silicon Monel rod.'"  Pre- 
sumably bright edges are important whenever flux is 
not used.*! 

Tacking is avoided if possible by Boutté,**:!**.!*° who 
suggested increasing the distance between tacks from 
*/, in. for sheet 0.020 in. thick to 3 or 6 in. for sheet over 
0.079 in. thick. The space between the edges of un- 
beveled butt welds should be 0.02 in. for thin sheet, 
0.04 in. for thick (beveled) after the tacks have cooled. 
Using no tacks, Miiller’® spaced the edges '/s in. apart 
at the start and widened the gap '/, in./ft. Another 
welder'*’'” spaced the edges '/32 in. at the start and 
widened the gap */s in./ft. In the welding of varnish 
kettles'® the spacing at the start is '/,. in. for sheet 
0.078 in. thick, increasing to '/s in. for sheet 0.140 in. 
thick. The gap is widened */\, in./ft. All later values 
are higher than the value !/s in./ft. used in 1922.'*? If 
the flame pointed toward the deposit, Horn and Geld- 
bach?! used no gap whatever. 


Flame 


As with nickel some®!7:22,31,52,124, 126,128,133,134,135 aim at 
a perfectly neutral flame, while others prefer!-4!.!*5,1%, 157,18 
a slightly reducing flame ('/s in.-feather®), if only to 
avoid wavering to oxidizing conditions. Cuprous 
oxide!.?*7 jis found in welds made with an oxidizing flame, 
which have poor corrosion resistance and ductility. It 
appears that NiO and CuO are face-centered cubic 
crystals, but the extent of solubility is not known. A 
neutral flame!" is employed for a special silicon Monel 
rod used for sulfuric acid apparatus. A soft flame’ is 
required, and the tip may be the same'**!*.1%% size as 
for steel or one size Beginners!** 
should use a relatively large tip to surround the puddle 
with flame. The acetylene consumption is only 67 
cu. ft./in., which®4454,1°6,1%5,136 js 5/, of the acetylene 
consumption in welding nickel; possibly the explana 
tion lies in the lower melting temperature and thermal 
conductivity of Monel compared with nickel. In two- 
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torch vertical welding® each torch consumes 22 cu. ft. 


acetylene per hr. per inch. The acetylene should be 
free from sulfur.® 


Flux 


The use of flux on the rod and both sides of the joint, 
particularly the underside,™ seems to be gene ral,!.4.8,18 
22,41,43,52,115,132,136 Borax was used in and is used 
still.“ However, borax lowers the ductility of the weld 
for some reason,'®*> especially if used lavishly,’ is 
difficult to remove!!** and does not yield so smooth a 
bead as some special fluxes.':'*'* Boric acid often has 
been used as powder*®.”’.**,47,1°4,!2° or as a paste with water 
or alcohol,’ yet Holler®* states that it is unsatisfactory. 
Equal parts of borax and boric acid to form a saturated 
solution in alcohol are satisfactory.’”'** A muxture 
containing 40% boric acid, 40% sodium silicate, 20% 
slaked lime also has been used.” Borated acetylene 
has been used experimentally.‘ Tacks should be 
brushed before flux is applied.'** 

In 1921 flux?!*7.157,189 was used for thin material but 
not for thick, and the practice was followed for many 
years. Some welders even believed that flux was un- 
necessary, *!.1!3,125,134 byt Holler’? showed that if no 
flux were used it was difficult to weld Monel up to 0.079 
in. thick. No flux is used for a special silicon Monel 
rod,':'" which is used to weld Monel bars and rods. 


Filler Rod 


The filler rod should have the same composition as 
base metal,'!*° the Federal Specifications'® in 1929 for 
gas welding rods being: 23 min. Cu, 60 min. Ni, 3.5 
max. Fe, 3.5 max. Mn, 0.5 max. Al, 0.3 max. Si, 0.3 max. 
C. The rod had to flow freely'® and must have a bright 
surface bright annealed! or cold drawn.'*' It should 
contain no lead;*? aluminum is not advantageous!” 
(1923), but some silicon*® may be beneficial. A special 
Monel rod containing silicon is recommended for use 
without flux and with neutral flame for sulfuric acid 
apparatus'” and for welding Monel rods and bars.*” <A 
German publication'* briefly describes the manu- 
facture of Monel welding rods. 

The diameter of the rod should be**'** the same as 
sheet thickness up to 0.12 in., for thicker material rod 
diameter = */37' (7 = plate thickness). However, 
Granjon“ suggests that rod diameter should be */,7° for 
all thicknesses. 
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Welding Procedures 


As with nickel European welders point the flame 
toward the deposit.**! F. G. Flocke points out 
(private communication, June 1940) that forehand 
welding is widely practiced in this country. The 
rod is melted quietly under the surface of the 
puddle. Stirring the puddle with the 
rod pushes the melt onto the cold scarves,'* oxidizes the 
metal' and mixes slag into the weld.*' The flame is 
spread over the puddle to prevent access of air." Early 
welders used a single layer only;*'**.'* before welding 
the reverse side of an X joint Owens'” preheated the 
entire joint dull red. Although Boutté'* interrupted 
long seams to prevent overheating, others'® preferred 
not to interrupt the welding for any reason. Roberts® 
(1937) uses the same procedure as for copper, which, 
however, has quite different properties. The torch may 
be given a slight oscillatory motion, and the weld should 
be made rapidly to secure a narrow bead.'* The ripple 
spacing is the same as in steel.*” Granjon* stated that 
the welding speed in ft./hr. is 1.28/7, where 7’ = thick- 
ness in inches. The formula suggests 20 ft./hr. for sheet 
in. thick. 
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Table 7—Mechanical Properties of Butt Welds (Oxyacetylene) in Monel 


Tensile Strength 


% of Un- Elongation, % 
Details of Specimens Lb./In.2 welded Welded Unwelded Reference 
Plates 0.12 in. thick; as welded 69,500- 98-99 19-20%in 30%in0.8 Holler’? (1936) 
70,500 0.8 in. in. 
Plates 0.16 in. thick; as welded 67,500—- 98-100 17%in1.2 32%in1.2 Holler’? (1936) 
69,000 in. in. 

Plates 0.24 in. thick; as welded 58,000 91 32 40 Holler®? (1936) 
Plates 0.24 in. thick; peened and torch annealed 61,000 95 38 40 Holler®? (1936) 
Sheets 0.057 in. thick; welded with flame pointing 

away from weld 54,000 84 ans arta Horn and Geldbach?! (1932) 
Ditto, peened to a thickness of 0.041 in. 58,500 2 eds es Horn and Geldbach*! (1932) 
Sheets 0.057 in. thick; welded with flame pointing 

toward weld 62,000 97 Horn and Geldbach*! (1932) 
Ditto, peened to a thickness of 0.041 in. 61,000 95 er Pie Horn and Geldbach?! (1932) 
Sheets 0.056 in. thick, specimens 0.47 in. wide with 

milled reduced section 0.32 in. wide cut from welds 

31/2 in. long without flux 100 30 30 Schiippel and Ka4stner!?’ (1931) 
Sheet 0.12 in. thick, specimens 0.79 in. wide with 

milled reduced section 0.47 in. wide cut from welds 

3'/2 in. long without flux 67,000— 91-95 15-20 27-31 Schiippel and Kastner??? (1931) 
Sheets '/s in. thick, flame pointed away from weld, no 71,000 

flux 44,300 60 8.3 46.5 Pilling and Kihlgren* (1929 
Ditto, boric acid flux 47,400 65 16.2 46.5 Pilling and Kihlgren* (1929) 
Sheets !/, in. thick, flame pointed toward weld, no flux 52,700 72 33.8 46.5 Pilling and Kihlgren* (1929) 
Ditto, but borated acetylene 52,300 71 33.8 46.5 Pilling and Kihlgren* (1929) 


No details 40,000- 


50,000 
Weld 3 in. long, '/, in. thick made with coated rod 43,900 
No details 45,000 
55,000 


Owens! (1923) 


9.3% in 2 Merica and Schoener!*? (1922) 
in 


Dzamba'™ (1921) 


Nores 


Horn and Geldbach—Averages of three specimens. 


Flux was used with strips of base metal as filler rod. 


All fractures occurred 


outside the weld, except the unpeened, leftward welds which broke in weld metal 


Schtippel and Kastner 


Reduced section was 1.6 in. long for sheet 0.056 in. thick, 2*/, in. long for sheet 0.12 in. thick 
0.12 in. thick had only 6.3% elongation and 65% of the strength of base metal 


One specimen 
The majority of the fractures occurred outside the weld 


The cast structure of the thicker welds was said to account for their lower ductility 


Pilling and Kihlgren—The joints made by the leftward process failed through weld metal. 
The elongations were measured in 2 in. across the weld. 


welds, which were ‘‘dressed.”’ 
through a saturated solution of boric acid in alcohol 
the strength of base metal and 34-41% elongation in 2 in 


Finishing the Weld 


Grinding and polishing are described by Burchfield.'** 
Cold peening is useful to remove irregularities at the 
root.**'*5 The International Acetylene Association®!” 
emphasizes the importance of liberal reinforcement to 
provide ample material for grinding away the oxidized 
surface layers. 


Peening and Annealing 


Peening is useful to improve the appearance’ and 
also the structure of welds in sheet 0.0S—0.14 in. thick.'"® 
Although hot peening is said to raise the strength,'® 
Horn and Geldbach®! could detect no effect. However, 
Holler,®? who found that torch annealing removed coring, 
and that torch annealing following cold peening produced 
small, twinned grains in the weld, also showed that 
peening following torch annealing raised strength and 
ductility. 


Porosity and Cracks 


In Pilling and Kihlgren’s* tests porosity was asso- 
ciated with sparks issuing from the puddle—in other 
words, probably with oxidation. The flame was di- 
rected toward the deposit to retard freezing, permit gases 
to be evolved and prevent access of air. Cracks were 
associated with removal of magnesium from the melt, 
probably through oxidation. Drafts of air during 
welding promote brittleness and cracks'* perhaps be- 
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Stresses are computed on the section of th 
The acetylene was borated by bubbling it 


Unmachined welds in '/s-in. sheet made with borated ac@tylene had 96 to 99% of 


cause the melt is oxidized. The brittleness and cracks 
caused by excessive flux'* have not been explained. 


Mechanical Properties 


Oxyacetylene welds have nearly the same strength 
as base metal, Table 7. Rightward welding and flux 
free the weld metal from blow-holes, the former by re- 
tarding freezing, the latter by lowering the temperature 
required to weld, according to Pilling and Kihlgren.* 
The International Acetylene Association®! requires 
40,000 Ib./in.? and 90° guided bend angle for welds in 
sheet '/s in. thick. 


Metal Arc Welding 


Field of Application 


Although sheet 0.031 in. thick has been welded with 
copper backing and '/\. in. electrodes, the practical lower 
limit is 0.037 in., according to the Lincoln Handbook.®.** 
Miiller'*® believed 0.079 in. was the lower limit. Ma- 
terial 2'/. in. thick has been metal arc welded.” Pickling 
crates,'® varnish kettles’! and chemical fans'® are 
among numerous arc-welded products. Steel rolls 5 in. 
to 10 ft. diameter have been covered with Monel plates 
up to °/\. in. thick using covered electrodes.'® A con- 
crete tank*® 40 x 20 x 5'/, ft. was lined with Monel 
sheet '/,; in. thick by arc welding. Flange welds 1 in. 
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high were used principally to allow contraction and 
expansion of the sheets under temperature changes with 
buckling. A nickel firm*” has prepared detailed in- 
structions for loose lining steel, wood and concrete 
tanks. Arce welding was done in 1920,'” 


Preparation of Joint 


[The same principles apply as for nickel, Fig. 2. In 
welding varnish kettles uniform spacing, Table 8, is 
used and tacks '/,-'/, in. long are deposited at intervals 
of 3or4in. Tacking is particularly necessary for ma- 
terial '/s in. thick and lighter.**! If tacking is not used, 
the spacing is 1/3 in. at the start, and the gap is increased 
0.18 in./ft., according to Miiller."* To reduce buckling 
to a minimum in are welding long butt joints in sheet 
0.050 in. and thicker with or without backing, flat tack 
welds '/s in. long are deposited every 3 to 4 in. The 
welding is performed in accordance with Fig. 3 (a) or 


(b). 


Table 8—Spacing of Edges in Welding Monel Varnish Kettles 
with Covered Electrodes'"* 


Spacing, In. 


Plate Thickness, With With 
In. Copper Backing No Backing 
0.078 None 
0.109 1 16 32 
0.140 3/30 


Approximate Current for Arc Welding Monel?” 


Thickness to Be Electrode Diameter, Current, 


Welded, In. In Amp. 
1/, and over 3/16 190 
3/, 170 
1/, and over 5/59 150 
1/, 75 
0.075 1() 


Electrodes 


An electrode with extruded coating® is used. The 
core rod is Monel with which a little aluminum!? (2% 
Al®) is alloyed to deoxidize the weld puddle and to reduce 
porosity. In Jennings’® electrode an aluminum wire 
was wrapped around the Monel rod. The covering of 
Monel electrodes is said® to deoxidize the puddle, to dis 
solve oxides and to yield a slag that protects the puddle 
from oxidation. In 1932 a covering was used containing 
ferro-titanium and slag constituents, but no cellulose.®” 
Pilling and Kihlgren* in 1929 used a coating at least 
0.008 in. thick on '/s-in. electrodes. The coating con- 
tained 4 parts of titanium as 25% ferro-titanium and | 
part calcium as 35% Ca-Si in a gum-base varnish. The 
titanium deoxidized the melt, while calcium formed a 
vapor jacket around the arc. Dipped coatings®*'®! 
containing magnesium, manganese and silicon were 
applied by Merica and Schoener’? in 1922. Large 
globules were formed (3 to 5 globules per second'’) as 
with bare or lightly dipped steel electrodes. Reversed 
polarity, now universally used,™ ®  %% was found to 
prevent large globules,'*? although Churchward"’ be- 
lieved that reversed polarity was necessitated by the 
supposedly high thermal conductivity of Monel. Schup- 
pel and Kastner'** preferred d. c. to a. c. 


Welding Procedures 


A short are (24-27 volts) is held, slightly higher volt- 
ages being required for and '/4-in. electrodes. Al- 
though earlier investigators™ © used the same current as 
for nickel, a nickel firm** uses about 50% less, Table 8. 
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Fig. 3—Welding Sequences*”’ to Minimize Buckling of Long Butt Joints 
in Sheet 0.050 In. and Thicker 


In (a) welding is beaun at one end of th oint and @ continuous weld is de ted 
with one complete electrode. Leaving a gap of about 3 ft, the welder deposits 
another electrode, and so on n th wey n , n x | n 
welded spaces remaining etter the first traverse of the seam a weided by repeating 
the procedure Ana na method (t back weld P | 
@ foot from one end, and a complete « de jer >| w i P 
Successive beads are deposited in the sam aya 


Inadequate current is recognized by sluggish flow; 
excessive current causes spatter, boiling and burnt 
appearance.” 4 In 1922 Merica and Schoener’ used 


comparatively high current: 180-200 amp. for dipped 
electrodes in. diameter. Although in !930 
cautioned against weaving and moved the electrode in a 
vertical plane to deposit each large globule, recent 
writers” recommend a slight weave for plates over '/s 
in. thick to secure penetration.™"* The electrode is 
normal to the puddle.” It was impossible to make multi 
layer welds in 1922,'** but at the present time multi 
layers and reverse beads are deposited as for steel 


Peening and Annealing 


According to Harris,” annealing after peening refines 
the grain structure. Welds should’ not be heated above 
C. for stress-relief, which was found to have no effect 
on the hardness? of a weld in plates */s in. thick (620 
C.). For unwelded Monel (29.1 Cu, 67.3 Ni, 2.1 Fe, 1.1 
Mn, 0.18 Al, 0.18 C, 0.08 Si, 0.004 Mg) it has been found 
that 3 hr. at 600° C. yield the highest proportional limit 
without decrease in hardness, compared with higher or 
lower temperatures. An English firm’ reported that 
the dendritic structure of are welds was not removed by 
heating '/2 hr. at 900-950" C., but was replaced entirely 
by equiaxed grains by heating 3'/2 hr. at 910" C. How 
ever, the grain size of base metal was coarsened. ‘There 
were indications of grain coarsening in the heat-affected 
zone of the unannealed weld. Schitippel and Kastner'*® 
stated that arc welds have finer grain size than torch 
welds of the same thickness. 


Porosity and Cracks 

Merica and Schoener'*® in 1922 reported that multi 
layer welding caused porosity and cracks, and that pin 
holes were ptfesent beneath the surface of the weld. 
Nothing since has been heard of these difficulties. 
Mechanical Properties 


Butt welds have about the same strength as unwelded 
base metal, Table 9. Using electrodes coated with ferro- 
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Table 9—Mechanical Properties of Metal Arc Welds in Monel 


Rounded Average Tensile Properties of Welded Butt Joints in Monel Made with No. 130X Monel Electrodes?*” 


Plate Minimum 
Thick- Electrode Tensile Strength, Lb./In.2— — Elongation 
ness, Diameter, Full Section (Long Gage) Reduced Section (Short Gage) in Free 
In. Type of Joint* In Flat Vertical Overhead Flat Vertical Overhead Bend, % 
1/s Square butt 3/30 75,500 76,500 76,600 78,600 78,800 77,800 20 
/ ie Single vee 77,300 76,900 76,300 78,100 79,600 79,100 
4 Single vee 5 78,400 80,200 79,800 81,700 83,200 82,400 20) 
Single vee 5/39 77,200 79,800 : Ay: 30 
3/, Double vee 5/59 84,400 ‘ "30 
* All welds were machined flush with plate before testing 
7 Stress relieved. 
Tensile Strength Elongation : 
% of Un- Un- Bend 
Details of Specimens Lb./In.*? welded Welded welded Ductility Reference 
Butt welds 70,000 25% in Hiemke*® (1939) 
2 in. 
Butt welds 70,000 30% min. Burchfield and Flocke*® (1938 
85,000 
Flat vertical, and overhead butt welds in plates */ 71,000- Flocke and Schoener! (1938 
and */s, in. thick 77,000 
75° X butt weld in plates */, in. thick; reduced sec- 84,000 60% Flocke and Schoener! (1938 
tion specimen; fracture in weld 
Butt welds 75,000- Jennings® (1937) 
90,000 
70° V butt weld, '/s in.-root spacing, in plates °/, in 78,000 14-50% Flocke and Schoener? (1936 
thick; root chipped and seal welded 86,000 
Dressed butt welds in plates '/, in. thick with bare 15,800 20 2.5% in 13 Pilling and Kihlgren* (1929 
electrodes. (Fracture in weld.) 2 in 
Dressed butt welds in plates '/, in. thick with ti- 60,300 76 27% in 13 Pilling and Kihlgren* (1929 
tanium-calcium coated electrodes. (Fracture in 2 in. 
base metal 
Butt welds in plates '/, in. thick with electrodes $7,100 9.7% in a te cre Merica and Schoener!*? (1922 
coated with a mixture containing Mg, Mn and Si 2 in. 
Nott Ss 
Hiemke—Yield strength = 35,000 Ib./in.? 
Flocke and Schoener (1938)—-Fractures occurred in base metal, fusion line or weld metal. There was no difference between reduced- 


section and parallel-section specimens 


Flocke and Schoener (1936)—Radiographs revealed no defects. 


Stress-relief at 590-650° C. 


(1 hr./in.) did not decrease the strength 
The bend test was around a pin 1!'/; in. diameter. Brinell hardness 


values were: 141-165 = weld metal; 153 = heat-affected zone; 144 = base metal. 


titanium, Schoener and Flocke™ in 1932 could bend welds 
of any thickness up to '/4 in. 180° flat. Hardness sur- 
veys of butt welds in */s-in. plate by the M. W. Kellogg 
Company*” revealed 141 to 165 Brinell in weld and heat- 
affected zone, base metal being 144 Brinell. Stress-relief 
heat treatment at 620° C. had no effect. 


Carbon Arc Welding 


Monel is carbon are welded in the same way as nickel, 
according to Jennings.® The process is adapted particu- 
larly to joints in sheet 0.050—0.062 in. thick 4% 4 
which require no finishing and for joining heavy plate to 
thin sheet.'? Joint preparation is the same as for metal 
are welding.''* Flange welds are made without filler rod, 
but a lightly covered rod is essential for butt welds.**! 
The carbon is the negative pole and is oscillated slowly 
across the seam as the rod is dipped into the are to melt 
small drops. 

The are length is slightly less than '/, in.**” The 
carbon is inclined 1!!? 30-60° in the direction of welding. 
Current is the same as for nickel, Table 5. The arc 
wanders if the carbon becomes blunt. Although Pilling 
and Kihlgren* in 1929 found that carbon arc welds were 
stronger than metal arc welds, because the latter were 
heated to a greater extent than the former, carbon arc 
welds are said to be slightly weaker and less ductile.” 
Flocke and Schoener® describe the carbon arc welding of 
dry-cleaning equipment and fume ducts, 0.050—0.062 in. 
thick, involving lap joints and vertical and overhead 
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welding. Since the development of covered metal elec- 
trodes, according to a nickel firm,?* the need for carbon 
arc welding has practically ceased to exist. 


Atomic Hydrogen Welding 


Welds free from porosity and oxides'™ have been made 
by the atomic hydrogen process,**”.7!,145,1% which is 
applicable to material up to in. thick.'* Beveling is 
unnecessary up to 0.08 in. thick. A bare filler rod is 
used, and the edge of the disk-shaped flame touches the 
puddle. Welds can be cold peened. Monel wire gauze 
(SO mesh, 0.005 in. wire) is clamped between steel bars 
with the gauze projecting */3: in. preparatory to atomic 
hydrogen welding’ (21 amp., tungsten electrodes '/ 
in. diameter). A butt weld in Monel rod 0.15 in. thick 
has been drawn to 0.006 in. without failure.** Gasoline 
storage’ tanks 8 ft. long, 3 ft. diameter, */ 5 in. wall have 
been atomic hydrogen welded. According to a nickel 
firm,**’ the usefulness of the process has been limited to 
the automatic welding of Monel tubing, 0.025—0.050 in. 
wall, without filler rod. 


Resistance Welding 


Spot Welding 


Welds have been made in material’* up to about '/« 
in. with the same settings as for nickel.** Accurate tim- 
ing is essential to avoid burning. Condenser-discharge 
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spot welders are applicable.**° Compared with steel, 
the time for Monel is half as long (less than 15-20 
cvcles*!), the tip load to as high, and the current 
twice as great.”* Hunt” also required higher current for 
Monel than for steel. The parts must be supported 
carefully to prevent cracks.*7* Welded joints have the 
same strength as unwelded sheet."* Spot welding has 
been used to join Monel screens,” to tack long flange 
welds before torch welding,’® to tack backing strips to 

,in. sheet before arc welding” and to fabricate motor- 
boat struts from sheet ? 0.051 in. thick. Monel has been 
spot welded to platinum for ignition contacts, and to 


steel. 
Seam Welding 


The process is satisfactory’ '® for sheet up to 0.050 
in.’*!4 thick. In sheet 0.039 or 0.056 in. thick 85 to 
100% of the strength of unwelded sheet has been at- 
tained.'** Battery jars, milk cans, laundry machines and 
water heaters have been seam welded. 


Resistance Butt Welding 


Schtippel and Kastner'** were unable to secure good 
welds because the edges “‘burned.”’ 


Flash Welding 


Although Miiller'® and Woofter'* used the same pres- 
sure and time as for steel, Woofter used 25% more power 
than for steel. According to a nickel firm,?” it is neces- 
sary to flash off about 25% more Monel ('/s to */s in.) 
than in flash welding steel, owing to the slow flow of heat 
from the burn-off. For joints in which no porosity is 
permissible about 50% more push-up is required than for 
steel. Push-up occurs immediately after the current is 
switched off. Porosity is likely if current flows during 
push-up. The edges of the sheets must be trimmed more 
accurately than for steel. To protect the flash weld from 
the air, borax is sprinkled on the upper surfaces, and a 
hydrogen flame is played on the underside. Monel sinks 
and pickling chain have been flash welded.'** 


Other Processes 


Unionmelt welds*®” in '/>-in. plates made at 18 in./min. 
had the following properties as all-weld metal: yield 


strength = 26,600 Ib./in.*, tensile strength = 62,400 
lb./in.*, elongation = 46% in 2 in., reduction of area = 
59%, Charpy value = 42 ft. lb., rotating beam fatigue 


strength (10 million cycles) = 34,000 Ib./in.* The free 
bend elongation was 50%, and reduced section specimens 
had 70,300 Ib./in.* tensile strength. Forge welding is 
said” to be impossible, the Arcogen*.'®.!° process is 
applicable and hard facing’ rods (37 Cu, 49 Ni, 7 Sn, 
9 Si) can be deposited with an oxyacetylene torch to 
raise the surface hardness to 420 Brinell. The junction 
of facing with base metal is microscopically perfect. A 
patented pressure process has been mentioned** for 
welding Monel sheet coverings on rolls of steel, cast iron, 
bronze or aluminum. 


Metallurgy 


Gas absorption, oxidation and red shortness have been 
troublesome in welding Monel. Flux* was believed to 
lower the maximum temperature attained during weld 
ing and thus to reduce gas absorption and porosity. 
Rightward welding, by retarding freezing, was believed 


to permit gases to be evolved, also reducing porosity. centers. In order to avoid cracks a small bead was d 
On the other hand, if the melt is oxidized, CusO is formed posited around the edge of the hole and allowed to cool, 
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which is said to embrittle the weld metal. The hot short 


range of Monel welds is said to be 650-S70° C.“** (790 
900° and necessitates jigging for bronze weldi 
Larsen avoided bending spot welded parts ul til the 
temperature had fallen below 400° (¢ Pilling and 
Kihlgren* started rewelding away from an edge in orde 


to provide cold metal to withstand shrinkag« 
Rewelding technique was described by a nickel 


The danger point!" for cracks is immediately 
advancing weld. 


Distortion 


Jigs and backing are as essential * for Monel 
as for nickel and other metals, if accuracy and appearance 
are important. Welding toward, instead of away from, 
an edge also is useful to prevent buckling,’ which may 
be reduced by back step technique in are welding.’ 
Sitler'’” describes a device for maintaining spacing be 
tween and preventing overlapping of long sheets during 
welding. To prevent buckling in are welding a Monel 
lining 0.0625 in. thick in a wooden drum, 5 ft. long, 8 
ft. diameter, Sheet Metal Worker’ used back st Pp weld 
ing (steps 9 in. long) and tacked the sheets at intervals 
of 6in. Since fillet welding caused buckling in welding a 
division plate 0.102 in. thick through a Monel tank 6 ft. 
long, Reed"! made saw cuts */, in. deep at short inter 
vals in the bottom edge of the plate. The edge was bent 
alternately right and left of the center line and lap welded 
to the bottom of the tank. 


Corrosion 

Literature on corrosion of welded Monel is summarized 

in THE WELDING JOURNAL, 16 (8S), Research Suppl., 33 
1937). Hiemke*®* found that metal are welds are equiva 

lent to unwelded metal in corrosion. The good be 
havior of welded Monel tubing in caustic recovery equip 
ment has been described." 


WELDING MONEL CASTINGS 


Castings are to C 
and are slowly cooled. Early welders'*’"* used 
a neutral flame without flux, although Owens!” recom 


mended flux. Malone'* in 1919 was forced to preheat to 
870° C. and anneal at 815° C. Miiller'® in 1935 used 
no preheating for arc welds. Castings of “H + 
Monel often crack during welding.*” 


WELDING MONEL TO OTHER METALS 


There is no difficulty in are welding?" Monel to steel 
with covered Monel** electrodes. There is no need t 
adopt the practice required in welding nickel to steel of 
depositing a layer of Monel on the steel before welding 
Butt welds in plates */s and */, in. thick yielded tensil 
strengths of 61,900—66,S00 Ib./in.* fracture occurring 1 
the steel. The free bend elongation at 180° was 42° 
for the thinner joint, 2S%% for the thicket The mict 
structure exhibited no defects. Results earlv identi 


cal with the */s-in. specimens were obtained with plat 


in. thick Steel has been clad with Monel 7 
thick by plug and slot welding using covered electrodes 
'/s in. diameter in filling plugs '/2 in. diameter, 
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before the hole was filled. Picard*® avoided cracks by 
using an electrode containing aluminum. 

Monel filler metal is used to weld** Monel to nickel, 
Inconel or galvanized steel (not necessary to remove 
galvanizing). Bronze welding rods (oxyacetylene) are 
used for nickel-to-copper welds, while carbon are welding 
with silicon-copper rods is used to weld Monel to silicon- 
copper. Welding of Monel to 18-8 is not recommended. 

Cast iron has been oxyacetylene welded to Monel with 
a cast-iron filler rod and flux.'"° Both metals were 
brought to the sweating temperature before rod was ap- 
plied. Monel sheet '/s in. thick has been welded to red 
brass pipe.*” 


BRAZING 


Monel has been brazed successfully'** with a white 
bronze*® flowing at 1040° C., but thorough jigging is 
necessary on account of hot shortness.’® A rod contain- 
ing 25 Cu, 75 Zn is not suitable."” The same technique 
is employed as for steel,” although early welders used 
the same technique as for copper.**.'*7 Worn Monel shafts 
have been rebuilt by brazing, and laundry machine 
covers’ have been repaired. The tensile strength of a 
brazed joint was reported by Ashby’” to be only 44,000 
Ib. /in.* 


SILVER BRAZING 


The process is faster than welding for sheet up to 0.050 
in. thick, and is the same as for nickel. An alloy con- 
taining 60 Ag, 25 Cu, 15 Zn" is safer than one con- 
taining 45 Ag, 30 Cu, 25 Zn. The former alloy melts at 
6SO0° C. and flows at 720° C. An alloy containing 50 
Ag, 18 Cd, 16.5 Zn, 15.5 Cu, flowing at 635° C. is spe- 
cially recommended.*'7_ Joints in Monel made with braz- 
ing alloys containing phosphorus are brittle. It is best 
to have over 50% Ag. A paste of flake graphite and 
waterglass should be spread on areas to which adherence 
of brazing alloy is not desired.! If the temperature 
during silver brazing*.!”* rises above 720° or 760° C., 107.180 
cracks are likely. The clearance*” for shear joints should 
be 0.002-0.003 in. The tensile strength of a silver brazed 
joint was reported by Ashby’ to be 59,000 Ib./in.? 
Silver brazed butt joints?” have a tensile strength of 
50,000 Ib./in.?; shear joints fail at 30,000 Ib./in.? At 
315° C. the strength is only half that at room tempera- 
ture.** 

Several applications of silver brazing are described by 
McKay."** Monel wire has been silver brazed prior to 
being drawn."* The ends of the wire are cleaned and 
fluxed before a fluxed rod '/3.—'/j) in. diameter is de- 
posited with a small torch. In an alternative process? 
a paste of silver brazing filings and flux is applied to the 
seam and melted with a torch. Wire cloth has been 
silver brazed under a microscope.’ Kriegel'** employed 
silver brazing alloy washers to join fittings and spuds to 
tanks. The joints remained tight under vibration. A 
method for calculating the required shear surface for 
silver brazing Monel is outlined by Leach and Van 
Syckel.'*4 


SOFT SOLDERING 


Soft soldering has been employed for fish boxes’ 
and for Monel roofing operations.'"®.*** Lead-tin solders 
6,126,172 are used with zinc chloride flux, or 
resin.’ Sheet Metal Worker'® used killed acid contain- 
ing ZnO and NH,Cl—more acid than for copper. The 
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edges should be with emery cloth’? before 
being tinned with a soldering bit. With untinned 
edges*” the solder may not penetrate throughout the 
joint. A nickel firm?” states that either a slightly larger 
or a hotter bit is required than for copper, whose conduc. 
tivity ishigher. The firm illustrates a score of mechani. 
cal joints ordinarily soldered. To raise the strength, 
Olsen'!* tacked the sheets with the are at intervals of 6 
in. before soft soldering. In 1921 Dzamba'” secured 
satisfactory strength with soft soldered Monel. Using 
50-50 lead-tin solder to prepare joints 18 in. long in pre- 
tinned Monel sheet (thickness not stated) a nickel firm?” 
found that '/4-in. and '/2-in. lap and 5/s-in. lock seams 
failed at 1230, 1410 and 980 Ib. for specimens 1 in. wide. 
Somewhat less than twice these values were recorded for 
lap specimens 2 in. wide. Failure of the lap seams 
occurred mainly in base metal outside the joint. A few 
failed by shear through the solder. Lock seams failed 
by tearing of the solder fillet. The strengths are low 
compared with 5000 Ib./in.* secured by Nightingale for 
soldered joints in copper, brass and mild steel. 


WELDING MONEL 


Using plate containing 66.14 Ni, 31.25 Cu, 1.85 Al, 
1.28 Fe, 0.10 C, 0.99 Mn, 0.045 Si, 0.012 Mg and a cov- 
ered electrode containing 65.56 Ni, 29.15 Cu, 2.65 Al, 
1.21 Fe, 0.18 C, 0.51 Mn, 0.32 Si, 0.008 Mg, 0.42 Ti, 
Maguire’ found it necessary to weld in a flat position 
owing to the fluidity of the metal. The electrode did not 
penetrate in the same manner as steel electrodes (no 
details). The first layer of 75° V butt welds with */;¢-in. 
spacing never was made deeper than '/, in. The arc 
was choked at the end of each bead to prevent crater 
cracks. In a transverse test, an H beam 28 in. long, 6 
in. wide, with triangular stiffeners exhibited extraordinary 
ductility. The plates were '/: int thick, the fillet welds 
being '/. in. throat, deposited in two layers at 150 
amp., 25 volts at the are. Stress-relief (5 hr. at 575° C. 
caused no change in dimensions. Unless severely cold 
formed plates 1/2 in. thick were stress-relieved befor 
welding, cracks occurred in the weld. Flocke and 
Schoener? reported 45,000 Ib./in.? yield strength, 93,000 
Ib./in.? tensile strength, 41-42% elongation in 2 in. for 
75° V butt welds (covered electrodes) in high-strength 
Monel (called ‘‘K’’ Monel by Jennings”) after stress-relict 
at 580° C. for 3 hr. A nickel firm*” uses “‘K’’ Monel 
electrodes and secures tensile strengths and elongations 
of 89,100-96,600 Ib./in.2 and 45-50% in butt welds in 
soft ‘“K’’ Monel plates '/s or */s in. thick, all fractures 
occurring in the welds, which were free from porosity. 
No cracks were found after 180° bend around a pin 1! 
in. diameter. Heating the welds 1 hr. at 660° C. and 
slow cooling raised the strength to 110,000—137,000 
Ib./in.?, 12-20% elongation, fractures occurring in the 
welds. In the 180° bend test there was very slight crack- 
ing in the */;-in. specimens, none in the thinner speci 
mens. ‘The strength of welds made with Monel elec- 
trodes was similar to the ““K’’ Monel electrodes but was 
not raised by heat treatment. 

Monel strip for aneroid barometer boxes was welded 
and heat treated by Marples. ‘‘K’’ Monel rod, a special 
flux containing fluorspar,*” and a strongly reducing flame 
are required for torch welding.'*° The Rockwell hardness 
of gas weld metal was raised from 0 C to 20-23 C by the 
customary heat treatment for ‘‘K’’ Monel.?* 

Folgner**! reports silver brazing ““K’’ Monel with a 
brazing alloy flowing freely at 635°C. ‘‘K’’ Monel may be 
heat treated*®” after silver brazing, which causes only 
slight local softening of heat-treated ‘‘K’’ Monel. 
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WELDING INCONEL 


Inconel is readily welded to produce aircraft engine 
exhaust tanks, stills* and phetographic 
Although hot shortness has been reported 
650-870" C.*.®) as a source of difficulty in welding, no 
examples of the difficulty have been described. How- 
ever, Flocke*® cautions against exceeding 705° C. in 
stress-relieving welded Inconel. No heat treatment” 
is required to improve the corrosion resistance of welds, 
which is said to be the same" as unwelded metal. Tests 
over a period of 4 weeks in a glucose evaporator” re- 
vealed that the corrosion rate of welded Inconel was the 
same (0.0004 in./year) as unwelded metal, but pits 
0.003 in. deep appeared in the weld, whereas none ap- 
peared in base metal 


tr 


ays. 


Oxyacetylene Welding 


There is no lower limit*" of thickness for oxyacetylene 
welding, nor is there any difficulty in welding both sides 
of sheet 0.036 in. thick.** While some authorities 
186,19 use a slightly reducing flame, others** use a 
greater excess of acetylene than for nickel or Monel 
(lilac feather */s-*/;5 in. (0.08-0.12 in.) beyond inner 
blue cone). There is no difficulty with carbon pick-up.® 
Nevertheless, a nickel firm**’ warns against an excessively 
reducing flame. Oxidizing flames form chromium oxide, 
which is not readily soluble in the flux. The torch may 
deliver 45-67 cu. ft. acetylene per hr. per inch®?*.*. 
186,197 (22'/2 cu. ft./hr./in. for each torch in two-torch 
vertical welding). 

A special flux is required*® to reduce chromium oxide.*!- 
On rod and edges Lingle’? used a paste consisting of 3 
parts NaF and | part of a mixture of equal parts of borax 
and boric acid (H;BO;). Johnson's 
flux*' was a thin paste of waterglass with boron oxide, 
sodium oxide and silica, while Picard’s flux® contained 
10% CaF:2, 23% slaked lime, 27% boric acid or boric 
anhydride, 40% sodium silicate. Stainless steel flux® 
has been used. Remains of flux are removed by sand 
blasting or 50% nitric acid at 20° C. Annealed"? In- 
conel filler rod is used, and all joints are spaced '/,4 to 
in. (exhaust manifolds) to absorb shrinkage. 
The spacing of edges and distance between tacks varies 
with thickness, Table 10. 

According to U. S$. Army Specification No. 57-174 
(1937) Inconel wire is tested for welding qualities by ob- 
serving its characteristics in making a butt weld at least 
4 in. long between plates '/s—'/, in. thick. The tensile 
strength of the weld must reach 60,000 Ib./in.*? Boutté!” 
reported 91,000—92,500 Ib./in.* tensile strength and 35- 
36% elongation in 2 in. for butt welds in sheets 0.024 
0.12 in. thick (tensile strength and elongation of un- 
welded base metal were 90,000 Ib./in.? and 50% in 2 in.). 
Only a few joints fractured in the weld metal. These 
values are practically identical with those reported for 
are welds. A minimum tensile strength of 75,000 Ib. /in.* 
is relied upon by a nickel firm**” for oxyacetylene welds, 


Table 10—Tacking and Spacing Recommended by Boutte” 


Thickness to Be 
Welded, In. 


Maximum Distance 
Between Tacks, In 


0.020 0.8 

0.032 1.0 
0.0389-0 . 047 1.2 

0.079 2.8-3.2 
Over 0.08 6 


WELDING NICKEL AND ITS ALLOYS 


while machined are welds made with covered Inconel elec 


trodes in. diameter in Inconel plate '/s in. thick failed 
at 95,700 and 106,200 Ib./in.* in parallel and reduced 
section specimens, respectively Welds in s-in. plate 


eth. The transitior 
a given thickness appears to be 


had about 5% lower stre1 


metal to weld metal of 


from base 


less sharp in oxyacetylene welds than in are welds.''* 
In neither instance did macrographs reveal any porosity 
Arc Welding 

he process is the same as for nickel Fig. 2, 
Inconel weld metal being more fluid than nickel Che 
heavy covered Inconel electrodes ’ are connected to 
the positive’ . pole. In 1932 the coating contained 
slag and ferro-titanium without cellulose.' A short 
are- is held. The current is 30-70 amp. (25-26 are 
volts) for an electrode 3 in. diameter, according to 


Lincoln Handbook A nickel firm*” uses current inter- 
mediate between nickel and Monel; for example, plate 

s in. thick is welded at 140 amp. with */ 6-11 

plate at 130 amp. with °/-in. electrodes, '/s-in. 
sheet at 74 amp. with '/s-in. electrodes, and '/js-in. sheet 
at 60 amp. with */3.-in. electrodes. Although Boutté 
only used metal are welding for material over 0.079 in 
thick, the process is applicable to sheet 0.050 in. thick 
without undue  buckling.'*' lo repair defective 
welds a circling motion is imparted to the electrode 
and arc, which is extinguished by smothering it in the 
puddle, before quickly withdrawing the electrod 

The tensile strength of unmachined and machined are 
welds in material '/;. or '/s in. thick 1s the as un 
welded metal.'°*? The elongation across fractures has 


electrode 


Sallie 


been 32-39% in 2 in. compared with 48-52 > in 2 in. for 
unwelded metal. A minimum tensile strength and free 
bend elongation of 80,000 Ib./in.? and 30%, respec 


tively,?” may be relied upon. The grain structure of the 
heat-affected zone is slightly coarser than unaflected 
metal, while the weld metal is characteristically dendritic. 


To weld steel to Inconel Flocke* used an Inconel or 
Monel electrode or filler rod. Inside and outside corner 
welds have been made by T. R. Lichtenwalter (private 


communication, July 1940) in Inconel sheet 0.050 and 
0.062 in. thick by means of heavy-covered stainless steel 
electrodes (20 Cr, 10 Ni, 0.08 C ). Inconel electrodes ot 
filler rods are used to are or gas weld 1S—S to Inconel 


Other Processes 


Spot and seam weiding are satisfactory,‘ and flash 
welds®”* having 90% of the tensile strength of unwelded 


metal have been made in sheet 0.036 in. thick. Carbon 
are welding has not been applied.6 A patented pressure 
process has been mentioned*” for welding Inconel sheet 


coverings on steel, cast iron, bronze or aluminum rolls 


According to a nickel firm,** Inconel tubing 0.025—0.050 
in. wall has been automatically atomic hydrogen welded 
without filler rod. Although Inconel photographic trays 


1936) for Inconel 


pacing 
lacked edges should touch 
| icked edges should tou h 
lacked edges should be 0.02 in. apart 
lacked edges should be 0.04 in. apart 


lacked edges should be 0.04—0.06 in. apart 
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may be oxyacetylene welded, the weld may be avoided 
by employing a double folded seam'* with silver ribbon 
0.005 in. thick, which is fused with an air-acetylene torch 
Soft soldering is performed in the same way’ as for nickel. 
Fingermarks and discolorations may interfere with ad- 
herence,'* and should be removed with emery cloth.?” 
Zine chloride flux**" with a little free acid to increase® 
its effect is used. Good joints have been made with 
90-50 or 60-40 tin-lead solders. <A large iron and slow 
speed are necessary to permit the Inconel to attain the 
proper temperature. 


WELDING NICKEL-CHROMIUM ALLOYS 


Nickel-chromium alloys containing 10 to 40% Cr, 
sometimes with other alloying elements, are used for heat- 
resisting equipment, such as carburizing boxes and 
thermocouples. Cast Metals Handbook™®' states that 
two alloys —64 Ni, 20 Cr, 1.5 Mn, 1.5 Si, 0.40 C and 62 
Ni, 13 Cr, 1.0 Mn, 1.5 Si, 0.60 C, rest Fe—are satisfac- 
tory for welding. Oxyacetylene welding is used by 
Flocke and Schoener! for relatively thin material, sheet 
'/g in. thick or bars */s in. square, for example. They 
clean the surfaces to be welded, and use a reducing flame 
without flux. Becker” used borax as a flux, but the 
Japan Nickel Information Bureau*”’ preferred to sur- 
round the weld with a reducing gas flame, because unless 
borax is washed completely from the joint, the protective 
oxide is fluxed from the part in service. A reducing 
flame produces a brittle weld and lowers corrosion re- 
sistance on account of carbon pick-up, according to 
Schottky and Zeyen,”* who preferred a neutral flame with 
flux. An oxidizing flame causes porosity. The joint is 
spaced '/,-*/s in./ft. Although Ni-Cr castings are more 
difficult to weld than steel,** a successful repair of 45 
cracks in a 300-Ib. casting has been described.” Flux 
was applied to the cleaned surfaces before preheating dull 
red, and a neutral flame was used for the reasons stated 
by Schottky and Zeyen. The surface of the casting was 
melted before rod was applied; puddling caused poros- 
ity. McNeil” quoted 52,000 Ib./in.? as the tensile 
strength of a machined oxyacetylene weld in 65 Ni-15 
Cr casting (tensile strength = 65,000—71,000 Ib./in.*). 
To weld sheet brass to Ni-Cr alloy tubing, /ndustrial 
Gases*® used an oxyacetylene torch, stainless steel flux 
and a copper-coated mild steel rod. 

Covered electrodes are used by Flocke and Schoener’ 
for heavy material. The electrode has the same com- 
position as base metal and is connected to the positive 
pole.*°’ The chromium content of the electrode used 
by G. W. Plinke (private communication, July 1940) is 
slightly higher than in base metal to compensate for loss 
by burning. Becker™ used the same procedure as for 
nickel but preferred a. c. to d. c. (SO-100 amp.). Ziegler 
and Haughwout®” used a low-carbon 65 Ni-15 Cr elec- 
trode to repair cast carburizing retorts of the same nickel 
and chromium contents (0.56% C in core, 1.53% C in 
surface layers); the high carbon content and porosity of 
the surface created no difficulties. Diffraction patterns 
and microstructure revealed coarser grains in the weld 
than in the casting after service for 8500 hr. However, 
new castings had even coarser grain structure. Hase*’® 
found that the welded zone of a SO Ni-20 Cr tube was 
more rapidly attacked by molten brass (87% Zn, 1040 
C.) than unaffected base metal. The 18-8 electrode has 
been applied successfully to weld SO Ni-20 Cr alloy. 

Carbon are welding has been*? used but is not so 
satisfactory” as torch welding. The arc” should not be 
swept too close to the weld metal. Atomic hydrogen 
welding is satisfactory for Ni-Cr alloy resistors,“ 
#%,210 and for castings containing 15-20 Cr. Resistance 
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welding*" also is applicable if the carbon content is by 
low 0.80%. Condenser discharge welds have been mac; 
in wires 0.004—).16 in. diameter,*"? if the ends have bee: 
cleaned with emery paper. The following formula was 
suggested by Brune.** 

U = 60 + (1.2 X& 10°rd?/4c) 
where U= voltage, d = diameter of wire, mm., c = capaci 
tance, uF. For welding nickel wires to Ni-Cr alloy wires 
the factor 1.2 is changed to 1.1. An alloy containing s0 
Ni, 20 Cr has been spot welded to itself, Monel, iro: 
nickel and aluminum.” Resistance butt welds also ha 
been made in nickel-chromium Although 
Voss*'* recommends special fluxes to solder the alloys 
others*” have found that zine chloride is satisfactory to 
solder 90 Ni-10 Cr alloy wire 0.0006 in. diameter to it 
self, platinumi or constantan. 

Detailed instructions for welding chromel-alume! 
thermocouples have been prepared by Bradley,?!* who 
uses oxy-gas torch or carbon arc. Borax,*” feldspar*”’ 
and fluorspar*"’ are fluxes, and a neutral flame is used.’ 
McCullough*” passes a stream of city gas over the carbon 
arc to prevent oxidation, while Coats**' struck the ar 
at the bottom of a graphite tube to maintain a red:cing 
atmosphere. 

An alloy containing 56 Ni, 8 Cu, 24 Cr, 4 Mo, 2 W, 
1.5 Mn, 1 Si may be welded with coated electrodes, or 
with an oxyacetylene torch and slightly reducing flame.! 
To oxyacetylene weld cast sections to form long thermo 
couple protection tubes, either a bare rod with flux or a 
flux-coated rod may be used.**? Forge welding is said to 
be possible.*"! 


WELDING OTHER HIGH-NICKEL ALLOYS 


The wrought alloy containing 58 Ni, 20 Fe, 20 Mo, 
2 Mn is welded' with coated electrodes to avoid possibk 
carbon pick-up. Oxyacetylene welding with a neutral 
flame is applicable. Rods of the same composition as 
the Ni-Fe-Mo alloy are used in oxyacetylene welding the 
alloy to steel,*** the operation resembling brazing in 
view of the relatively high melting point of the steel. 
For best corrosion resistance the welded part should be 
heated at 1180° C. for a short time and cooled rapidly. ** 
Castings containing 58 Ni, 6 Fe, 14 Cr, 17 Mo, 5 W or 
85 Ni, 10 Si, 3 Cu, 2 Al should be preheated and cooled 
slowly to prevent cracks.*** The heat treatment for the 
58% Ni castings is the same as for the wrought alloy, but 
is not so effective in improving the corrosion resistance 
of the heat-affected zone as in the wrought alloy. The 
85% Ni casting should be cooled very slowly from S870 
C. after welding. The wrought alloy*** can be welded 
by the Armstrong process to low-alloy steel. 

Metal arc, oxy-gas and resistance welding are appli 
cable to an alloy*"! containing 73 Ni, 17 Co, 9 Ti (Konel 
Spot welding*” is used to fabricate radio tubes of an alloy 
containing 54 Fe, 28 Ni, 18 Co. 
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SUGGESTED RESEARCH PROBLEMS 


1. The composition, including gas (hydrogen and 
oxygen) content, of nickel and Monel weld metal as a 
function of flame atmosphere, particularly in oxyacety- 
lene welding. The necessity for using flux with Monel 
would complicate the investigation. Deposits of weld 
metal would be prepared without flux using several types 
of flame: neutral, and several degrees of oxidizing and 
reducing. The relationships among hydrogen, oxygen 
and carbon in the weld metal would be studied. De- 
posits made with flux would be analyzed in a similar way, 
with several additions. The slags would be analyzed 
comparing the content of nickel and copper oxides in the 
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slag with the (unknown) saturation percentages. The 
fluidities of the molten weld metals (nickel, Monel and 
Inconel) in the different atmospheres and under different 
slags also should be estimated. Finally, a study of the 
welding are with nickel alloy electrodes is called for 
Are the droplets in the are space the same size as in th 
arc space of steel electrodes? The nickel welding ar 
might be studied in inert atmospheres. 

2. Corrosion of welded soldered, and silver braze 
nickel alloys might be studied. For example, it shoul 
be ascertained whether the electrode potential of a wel 
between dissimilar nickel alloys or between a nickel alloy 
and mild steel stainless steel, or copper is greatly different 
from the potentials of either partner in the joint. Cor- 
rosion fatigue and stress corrosion studies also might 
yield interesting information. Does coring in the weld 
metal affect its corrosion resistance? The efficacy of 
stress-relief heat treatment at different temperatures in 
releasing shrinkage stresses due to welding should be 
studied. Nickel and Monel being without crystal trans 
formations during cooling should make an interesting 
comparison with steel, which melts at about the sam 
temperature, from the standpoint of shrinkage stresses. 

3. There is little information about the spot and seam 
welding of nickel and its alloys. Optimum currents, 
tip loads and times for different sheet thicknesses re 
main to be determined, as well as the static strength that 
may be expected of a spot or seam. Three problems in 
particular have been suggested: 

(a) Improving the spot welding of light ribbons to 
hollow cylinders, 0.020-0.100 in. outside diameter, 
0.002 in. wall, wherein it is necessary to secure good bond 
without appreciable distortion of the cylinder and with 
out embrittlement of the ribbon. 

(b) Welding thin, round wires to other oxidized wires 
three or four times as large in diameter. 

(c) Welding light nickel ribbons to nickel-iron alloy 
wires without destroying the ribbon. 

Other problems that suggest themselves include the 
feasibility of pulsation welding for nickel alloys, the need 
for which might arise in spot and seam welding nickel 
alloy plates to steel plates. The observations of Gray 
and Nottingham on vaporization during spot welding 
deserve further study. The microstructure (columnar 
grains in weld metal, soft zones outside the weld, porosity 
of spot and seam welds might be studied with special 
reference to the effect of machine settings. Any possibl 
benefit of program control for the heat-treated nickel 
alloys might be explored. 

4. The creep strength and short-time tensile proper 
ties of welded nickel alloys (weld metal or welded joints) 
should be investigated at elevated temperatures. 

5. The welding of heat-treated nickel alloys, such as 
“K”’ Monel, raises interesting questions about the most 
advantageous method of heat treatment, and about the 
relative response of ‘““K’’ Monel weld metal to heat treat 
ment, compared with cast and wrought alloys of the same 
type. 

6. The occasional necessity for preheating nickel 
alloys before welding in cold weather suggests a com 
parison with the similar problem in steel. Is the neces 
sity for preheating related to shrinkage stresses or to 
penetration? Research on the subject might include a 
determination of the effect of base metal temperature on 
penetration with special reference to dilution of weld 
metal in are welding. 
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THE FUNDAMENTAL NATURE OF 


The Effect of Various Alloying Elements, Fluxes and Slags 


By DONALD E. BABCOCK* AND S. A. BRALEY 


N a previous paper! a study of the various factors 
affecting arc welding was presented. The results of 
this work indicated a need for a more detailed in- 

vestigation into the effects of various flux coatings and 
rod metal compositions upon are welding and the effects 
if these factors on the results obtained by this process. 

To accomplish this end a series of twelve different 
analyses of steels, Table 7, for welding rod testing were 
drawn into */;.-inch wires and samples of each of these 
different analyses were shipped to five different manu- 
facturers of welding electrodes for coating with a flux 
intended for deep groove flat welding. A total of six 
different coatings were applied to each of the twelve 
different compositions of core wire samples making a 
total of seventy-two different test conditions. 

Che samples when received were coated with these six 
different fluxes which for convenience are designated with 
the letters A, B, C, D, E and F, respectively, of which 
coatings B, C, D and E were intended to be deep groove 
welding rod coatings while A was more of a general 
purpose rod coating and F was of general purpose with 
fillet rod characteristics in which speed was desirable. 


WELDING PROCEDURE 


Che procedure for the welding operations, the test 
plates, the entire testing procedure were the same as re 
ported in a previous paper! of this series. Of the data 
reported herein all tests were made under as nearly 
identical conditions as possible with the exception of some 
of the tests on core wire compositions Nos. 4, 5 and 11 
on three different fluxes A, B and C, which were carried 
out in duplicate with the first of these tests being run 
at a higher current density and at the end of this series 
they were re-run at the standard conditions the same 
as all the other welding rod tests of this series. This 
deviation was to obtain some data on the relative effects 
of increasing the current density upon the welding opera 
tion and the results obtained. 

In all of this testing work it was necessary to be par- 
ticularly careful in making these weld tests that the 
welding operator was in the best of physical condition, 
properly rested and not partially fatigued from any 
previous exercise. It was interesting to note that in 
tests prior to these investigations the operator who had 
played a hard game of baseball the night before, even 
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though he had had a good night's rest, was absolutely 
unable to duplicate weld test results obtained on weld 
ing rods previously tested. On the n ¢ 
the tests had to be made over ata 
later date and under such conditions as would permit the 
duplication of results. A time limit had to be set on 
operators welding period with time out between e: 
series of weld beads for rest. 

One weld bead was deposited from each of nine differ 
ent welding rods which consisted of three 
wire compositions with three different rs. 
One complete bead was deposited from each different 
rod at one time. When these nine beads had been laid 
down, all of the nine test plates were allowed to air cool 
to temperatures below 150° F. to permit handlit 
the removal of spattered metal and the collection and 
complete removal of the slags for analyses Phe weld 
beads when completely cleaned and free from slags and 
spattered metal were then inspected before the 
weld beads were deposited 

The entire collection of data on ar 
appears in the outline of primary weld data shown in the 
reproduction of the data sheets used in this investigation 

Che amount of flux or the weight per cent of the coated 
rod which is flux, seemed to have a bearing on the 
shielding and in view of this, these data were determined, 


Table 
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Table | 

Flux Coating Flux, % Metal 
A 19.95 
B 21.54 ‘ 
Cc 26.35 
dD 70 
13.65 4 


With these above data we may 
check on the welding data since 


make at approximats 
7o metal loss + deposition efficiency 


For example test-steel No Flux A 


17.94 + 61.99 79.93 

Values calculated from the data tables will show som 
deviation from their corresponding values in Table 1 | 
will be due primarily to the method of calculati 
the results, and the errors inherent in the determinatio1 
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holes in the surface of the weld beads given in the follow- 


ing tables. 


The direct surface inspection of weld beads deposited 


(1 Wt. of plate weld metal 
(2 Wt. of plate only 
(3) Wt. of weld metal dep. 
(4 No. of rods used 
(5 Wt. of (4 
(6) Wt. of ends 
(7) Wt. of coated rods melted 
(8) Total length of rods used (4) 
(9) Total length of ends left 
(10) Total length of rod metal melted 
(11) Wt. of (10) metal in length melted 
(12) Time elapsed in melting 
(13) Melting rate of flux coated rod 
(14) Melting rate of melt in rod 
(15) Rate of metal dep. 
(16) Flux melting rate 
(17) Metal loss per cent 
(18) Actual % metal loss 
(19) Deposition efficiency in % 
Bead Number Time in Sec 
fj 
10 
1] 
12 


Total time to 
complete weld 


Test number 

Kind of rod 

Polarity (R or D) 

Analysis, % 

Carbon 

Manganese 

Phosphorus 

Sulfur 

Silicon 

Copper 

Oxygen 

Hydrogen 

Nitrogen 

Physical tests 
Yield (lb. per sq. in.) 
Tensile (lb. per sq. in. 
Elong. in 2 in. 
% Red. in area 

Slag Composition 

Sil Vo 

Al,O 

TiO, 

CaO 

MgO 

) 


MnO 
FeO 
P 
Mn 
Slag 
% Metal 


Tensile test 
Surface holes 
Fracture holes 
Kind of break 


Test quality 


466-s 


to Complete Bed 


» 


as shown in Tables 2, 3 and 4 indicates first that the « 
ditions of arc welding at the bottom of the “\"' 
where the first bead is deposited is not the same cond} S 


Data Recorded for Each Electrode 


Ib (] 
lb. ( 
Ib ( 


lb 

Ib 

Ib. 

in. 

in. 

in 

lb. 

hr 
hr. 


hr. 
hr. 


Bead Surface* Inspection 


Rod Weld 


Per Cent Mol Fraction 


Welder setting 
Load volts (are 
Load amps. (are 
Size of rods 


Polarity Direct 


Welding Observations 
g 


Down Cut No 


Reversed 


rest,* No. of Holes and Kind 


small 


= poor wett ing 


l 

» 

3 

6 

Ss 

*ph = pinholes 
vs = very 

L = large 
sh = slag holes 
pw = 

gw = 
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Table 2—Tabulation of Pinholes in Weld Bead Surfaces 


Steel l 2 3 4 5 6 ‘ 5 9 
Bead No Flux A 
l l 4 5 3 0 6 ; | > 
2 l ] ) 
3 2 3 
] 
5 
6 l | 
9 
5 
Total A 4 11 5 3 0 3 } l 2 ) 0 
Flux B 
l 5 2 } 3 2 11 3 } 0 
2 3 6 5 
3 ] 5 7 4 5 | 
4 0 
5 
i) 
) 
Total B l 10 2 { Ss 12 17 6 14 0 0 
Flux C 
2 2 l 0 t 
2 2 3 2 2 11 
3 2 4 
l 
5 
) 
7 
2 
rotal C 4 3 0 l 2 LO 4 2 ; 0 0 
Flux D 
1 20 15 33 16 17 l 28 8 7) 27 8 1s 
2 25 19 20 16 l 15a 
) 5 7 5 17 
+) 
t 
rotal D 10) 33 34 { | 
Flux / 
{) ) ) ) } 
} ) 
ft) 
which can be found in the bottom of a “V" slot is the 


Table 3—Weld Bead Pinholes 


Flux A 13 | > 0) 
Flux B 1 10 2 j Ss 12 17 6 14 ) 0 | 
Flux ¢ } 3 0 ] y 10 22 3 ) 
Flux D 52 40 55 33 34 65 145 9 6 34 9 
Flux 0 0 5.) 0 0 
Total of 

A, ( 

D, F 61 64 #62 43 444 #%100 173 18 25 34 12 2 


tion as found in welding the top beads of the same weld 
with identical rods and flux coating. These observa 
tions were supported by every test made. These data 
as shown in Table 4 show a very rapid drop in the weld 
bead, pinhole frequency as the slot widens out and the 
welding is done nearer to the top of the “V" groove. 
The effective shielding at the bottom of a “V" groove 
seems manifestly different than at the top of the weld 
The conditions which favor the formation of weld 
bead pinholes are also conditions characteristic of th 
flux coating as well. Since the only essential difference 


composition and effectiveness of the shielding gases, it 
seemed as though this phenomenon of pinholes was as 
sociated with oxidation and deoxidation effects This 
would correlate with the data of Doan and his coworkers 
on the action of oxygen and its effect on weld penetratior 
and crater formation It would also correlate with the 
relative oxidizing power of the gases from the flux coat 
ing or the extent to which deoxidizers had been ads 

the flux coating 


Table 4—Pinholes Found in Each Weld Bead for Al! Steels 
Tested with Each Flux 
Coating 
Bead No 1 B Cc D 
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When these pinhole data were studied with respect 
to steel-core-wire analyses it was apparent as in Table 3 
that steels which contained the highest carbon and man- 
ganese contents were most susceptible to this difficulty 
while those of very low carbon and manganese contents 
were least affected. These variations as found in the 
chemistry of the core wire are extreme variations and of 
lesser magnitude in effect compared with the same differ- 
ences produced by the flux coating and the welding con- 
ditions in the “V” groove. It may well be concluded 
that the nature of the flux coating and the operating 
conditions in welding are the two most important factors 
in causing the production of this pinhole condition even 
when the rather large variations in the core-wire analyses 
herein are considered. 

Another question is involved in the penetration and 
wetting properties of these rods which tend to control 
the production of pinholes and that is the rate of metal 
deposition of the rod or rate of rod consumption. It 
would seem a reasonable assumption that as the rate of 
metal deposition increases there might be some decline 
in the average temperature of the molten pool for the 
same arc-current input. This could also be brought in 
to account for some of the difference between the higher 
carbon and lower carbon rods tested, though it does not 
in any way eliminate effects of oxidation and deoxidation 
on pinhole production. 

After completing the deposition of the weld metal tests 
the weld sections were cut up and the section turned down 
to standard tensile test bars 0.505 inch diameter. In 
so doing, a small cut 2'/, inches long x 1/e, inch deep 
was taken from the round bars previously turned down 
to */,inch rounds. The blow-holes were counted 
aftereach cut. Eight cuts were taken to the final diame- 
ter. This constituted the “‘turn down” test and was 
used as a numerical index of weld metal porosity. 

These data are shown in Table 5. These results show 
that in those rods where there was the largest highest 
carbon contents in the core wires and similar drops in 
carbon content during the weld metal deposition, the 
weld metal porosity was the lowest. It will be shown in 
a later paper that this porosity is not necessarily associ- 
ated with the amount of deoxidizers present in the weld 
metal and is more probably associated with the hydrogen 
contents of the weld metal derived from the decomposi- 
tion of cellulosic material of the coating or from its mois- 
ture contents. 

Since these values are only of qualitative significance 


and are not precisely quantitative, the results must 
qualified in this light until other data become availab|: 
Some of these data are reported with a plus (+) si, 
indicating a large number of other very minute pinholes 
which could have been counted only with a magnifying 
glass and with considerable difficulty. These tests we: 
all analyzed for oxygen, hydrogen and nitrogen and 
these data will be reported in a subsequent paper. 

Table 6 showing the relative frequency of eyes in te: 
sile test shows that eyes were most frequent with cor 
rods coated with flux F. This result was indicated 
be associated with that flux which gave the largest 
number of pinholes and may probably be associated with 
blow-holes filled with hydrogen under very high pres 
sures. Some further study is needed to accurately de 
termine the mode of formation of eyes. 

After completing the assembly of these data, the r 
sults of the weld deposit rates, efficiencies and losses 
were calculated according to the following methods 
and compiled as given in Tables 7, 8, 9, 10 and 11. 


Methods of Calculation 


(1) Rate of rod consumption = 
wt. of rod starting sample — wt. of ends)... 
total welding time in seconds 
(2) Rate of metal deposition = 
wt. of plate in Ib. with completed weld — 
wt. of plate in Ib. at start 
total welding time in seconds: 


(3) Deposition efficiency in per cent = 
rate of metal deposition 
rate of rod consumption 


(4) Rate of rod metal melting = 
length of rods consumed (in inches) & 0.0078224 Ib. /in 


total welding time in seconds 


(0.0078224 Ib./in. = wt. of 1 in. of 
calculated) 


Core wirt 


(5) Deposition efficiency in per cent = 
rate of rod metal melting rate of metal deposition 
rate of rod consumption 


100 


Table 5—Blow-Holes in Turn Down Test 


Steel Flux l 2 3 4 5 6 
A IS 7 95 1} 36 
B 5 5 l 11 5 14 
D 4 5 14 6 t } 
E 2 3 1 2 
F 65 22 4] 3l 
Potal 98 14 95 143 103 86 


7 8 3) 10 11 12 
5 . 158+ 98 + 18 104 21 
4 13 15 2 6 2 
2 87 19+ 25 88 
12 » 7 U 2 6 
0 67 1 0 8 18 
194 108 + 200-4 is 
72 4004 69 226 87 + 


Table 6—Eyes Observed in Tests 


Total 
Number of Number of Core Rods Yielding 
Steel Flux 2 5 9 10 11 12 Eyes Eyes 
1 0 0 0 0) 0 0 0 0 0 4 9 l 6 3 
B 0 0 0 0) l 0 0 0) 0 9 9 
( 0) 0 () 0) 3 0) 0) ) 
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Table 7 


sis of Core fire 


Rate of Rod Consumption (ibs./hrs.) 


Rete of Metal Deposition |lbe./hre.) 


Core Bo. P Cu A B c D g D 

3 «62 HOH 5.775 5.999 5.475 3.632 3.906 4.158 3.798 3.66% 

865.697 5.71. 5.622 5.348 3.227 3.753 3-763 3.7 3.5 

5 5.472 5.908 5.349 3.08 3.710 3.677 3.639 3.679 

6 .63 .012 .030 5.69 5.401 6.186 5.592 5.699 5.3%7 3.617 3.78 4.160 3.62% 3.60 

9 9008 5.266 5.525 5.251 3.396 3,80 3.468 3.410 45.327 

lo 5.30 5.483 5.191 3.081 3.751 3.987 3.406 3.10 

0S .39 .060 08 5.503 5.557 5.747 5.235) 5.363 5.303 3.069 3.966 3.668 3.267 3.208 

Iscreased Power Input 

215 -62 .027 .05 6.837 6.496 6.996 3.904 4.52 4.415 

lie .08 -39 6.701 6.572 6.959 3.7% 4.564 

bh» highest 1 = lowest * Current ioput from welder increased in making these welds. 


Weldor -etting "F* - 65 wolts. Current range - 710-240 amps. 
All other values determined at setting - 65 rolte with current renage 


from 170-210 azps. 


Table 8 
Analysis pf Core Wires Metal Loss in Per Cent 

1 9.47 6.14 15.46 10.38 
2 17 64 013 0% 14.76 7.3% 8.52 16.74 12.15 

145 .62 Oll .029 17.78 7.43 7.07 13.56 13.4 
5 15 63 .011 .030 24.70 11.06 11.09 12.77 11.19 
6 .63 .012 .06 14.79 9.15 5.82 13.49 11.09 
7 .67 1.036 12.76 10.62 14.69 12.53 
8 55 7.43 $.01 14.33 13.89 
9 045 14.5% 4.12 4.41 14.89 13.43 
ul -08 -39 20.03 4.41 10.58 15.97 14.69 
.2 .010 .05 28.35 5.4 15.37 15.51 


Increases Power Input 


15 62 .010 .027 .0§ 22.98 10.51 10.59 

15 -63 21.99 4.50 10.23 

lle «6.060 08 24.46 9.52 15.00 


Current input from welier incressed in making 


15.63 56.64 
16.4 56.02 
13.83 61.73 
16.95 67.64 
17.02 61.25 


16.11 62.26 
49.03 
16.22 %.77 


16.32 09.33 


these is. 


Welder setting "F* - 65 volts. Current rene - 210-240 amps. 
at setting 6 


All other values ceternine< 
from 170-210 


(6) Actual deposition efficiency in per cent 
rate of rod metal melting — rate of metal deposition 


rate of rod metal melting 


100 


(7) Rate of flux meiting 


rate of rod consumption — rate of rod metal melting 


The results in Tables 7, 8 and 9 give the individu: 
values determined at normal welding power for the rat 
of rod consumption, metal deposition, rod metal meltin 
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/ 
4.035 
3.982 
3.983 
3-779 
3-757 
3.870 
3.708 
3.596 
Peat 
3.705 
3.532 
3.561 
‘ 
we 
12.63 61.99 69.44 67.12 64.03 63.32 74.67 
14.57 61.13 71.08 64.17 68.52 612.23 Ti. 
12.97 62.20 70.95 66.78 65.61 61.08 72.75 
64.26 63.69 65.38 60.97 10.72 
64.25 62.76 66.50 62.27 69.72 kei’ 
69.99 67.69 64.97 62.40 72.12 
64.57 60.76 63.65 62.12 69.39 
72.05 67.22 65.9 59.25 69.25 
71.55 65.56 64.76 60.22 70.56 
71.23 68.2% 63.30 58.68 64.08 
71.37 63.42 63.62 57.95 69.66 
35.10 64,53 63.11 
54.19 70.16 63.78 
55.7% 69.41 62.06 
m two bast On thes = 
= x f values for three differ ‘ 
h of the tw e d rent Me 
i to determine the inherent effect ao 
5 On the aforernentioned rat 
g as rod consumption and 
a 
ary? 


Table 9 


_Rate of Roc Metal Melting (ibs. /brs.) 


Actuel Per Cent ketsl loes 


com 3 CuSO A D_ E F A B 
1 13 .011 .031 .09 4.416 4.652 4.624 4.290 4.727 22.44 12.00 19.45 14.08 
17 -& .013 .026 4.697 4459 4.550 4.906 4,535 4.793 23.46 9.13 7-49 21.12 16.56 i6 
145 62 4.670 4.315 4,594 4.542 4,464 4.693 22.23 9.48 9.57 17.1. 15.13 
4 15 62 .010 .0?7) 4,594 377 4.340 4.535 4.e74 4.614 29.42 14.26 14.09 17-66 17.0% 18.16 
6 165 .63 .012 .030 .06 4.716 4,514 4, 335 4.611 23.5% 11.6 7.92 20.02 15.09 16.0 
7 0165 67 .O1l .03%6 3.732 4.112 4456 4.359 4.279 4.614 15.5 13.40 17.06 14.51 17.02 19.63 
+29 055.029 06 4.335 4.109 3.923 24.20 9.4% 10.65 17.94 14.99 15.73 
9 .28 04M 4.497 4,094 4,364 4.194 4.869 4.551 22.77 10.19 11.45 14.69 16.24 14.5) 
lo 099 «41 «6.076 6033. 4.201 8. 30 4.275 3.9820 12 10.71 7-30 20.33 «20.24% 21.02 
12 027 05 4.037 4.152 3.789 4.394 1.3% 7-23 19.34 21.40 19.03 
Iacreased Power Input 
50 15 -63 .011 .05 5.426 5.183 5.17% 27.42 10.40 
lise .060 .027 .08 5.27% 5.213 5.363 11.99 19.47 
* Ourront input fron welder increased in making these welds. 

Welder vetting wolts. Current range - 710-240 amps. 

All other values determined at E setting - 65 volts with ea current range 

from 170-210 amps. 

metal deposition, for all the flux coatings tested. values for deposition efficiencies of the order of 15% of 


These average values appear in Tables 10 and 11. 

A close inspection of these data showed that the com- 
position of the core wire did not affect so markedly the 
average values for these rods of the analyses ranges 
studied, unless the rod metal composition changes 
resulted in internal compensating effects between the rod 
metal and flux interaction. Some of these results of 
flux metal interactions during welding may tend to com- 
pensate or neutralize each other. 

By reference to Table 12 a better observation of these 
maximum variations may be obtained. In these data 
one point of major importance is noted, namely: the 
flux coating produces average deviation in the average 


the highest values obtained, whereas very wide changes 
in steel composition cause variations of only one-third 
this magnitude. The properties and activity of a flux 
coated rod are markedly affected by the coating, and 1 
a much less extent by the core-wfre composition. 


EFFECTS OF ELEMENTS IN THE RODS 


Next in this investigation to attract attention was the 
effect of the various elements in the core wires in these 
welding rods. It may quickly be noted that the ratios 
of Mn/C all vary between 4 and 5 and because of this 
the precise effects of manganese were difficult to deter 


Table 10—Average Values for All Flux for Each Core-Wire Composition Tested at Normal Power 


Rate of Rod 


Rod Core No Consumption Deposition % Efficiency, % Metal Melting Actual % 
l 5.827 3.876 12.00 66.76 4.571 15.17 
2 5.950 3.915 12.48 65.93 4.657 15.79 
5.803 3.857 12.04 66.56 1.554 15.25 
5.663 3.648 14.67 64.28 464 18.50 
5 5.594 3.590 14.53 64.25 4.399 18.39 
6 5.709 3.789 12.10 66.48 4.477 15.67 
7 5.462 3.535 13.3 65.36 4.259 16.91 
8 5.428 3.590 13.44 65.73 4.318 16.89 
9 5.466 3.594 13.29 65.82 $.316 16.72 
10 5. 566 3.490 15.75 63.06 4.382 19.77 
11 5.435 3.462 14.30 63.70 4.235 18.37 
12 5.312 3.408 14.46 64.20 4.176 18.26 
A comparison of the averages of fluxes A, B and C for each core wire tested at increased power’ 
5.701 3. 581 15.29 62.86 +. 452 19.39 
6.776* 367° 14.69* 62.25* ). 255° 18.79 
5 5 SOS 489 15.62 62 .34 359 19.85 
6.782* +. 340* 64.04" 17.35 
ll 5.602 >. DOS 12.97 63.65 42.92 17.02 
6.741* $.214* 16.32* 62.54* 5.317* 20.65" 
* Average values for same steels for same three fluxes tested on high power are marked in lower third of table. 
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Table 11—Average Values for All Core-Wire Composition for Each Flux Tested at 


Rates of Rod 
Consumption 


Rate of Metal 


Flux Coating Deposition 


A 5.635 § 333 20 
B 442 3. 822 
». 915 3. 940 8 
D 5.515 3. 561 14 
E ». OVS 3.447 12 
F ». 336 3. 767 12 


A comparison of the average values for the steels 4, 5 and 11 for each flux tested at increased power 


A 5. 566T 3.125 99 93 56.14 +. 402 28.95 
6.768* 3.859" 14" 34” » 425 

B 5.497F 3.810 10.24 69.29 1.372 SS 
6.552* 41. 554* 5] 69. vei 

5. 838T 3.703 10.70 t 28 
6.982* 398* 11.04 62.98" 2 Sv 


* Average values for increased power 


Table 12 
Effects of Steel Composition on Averages for All Flux Coatings 


Coated Rod Consumption Rate Core Metal Melting Rate 


Steel No. Lb./Hr Steel No Lb./Hr 
2 High 5.950 2 High 1.657 
12 Low 5.312 12 Low +. 171 
Difference 0.638 Difference 0.481 
% below high 10.72 &% below high 10.32 
Rate of Metal Deposition Deposition Efficiencies in % 
Steel No. Lb./Hr. Steel No ) 
2 High 3.915 l High 66.76 
12 Low 3.408 10 Low 63.06 
Difference 0). 507 Difference 3.70 
% below high 12.95 % below high 5.54 


Effects of Fluxes on Average Values for All Steel Core Compositions 


Coated Rod Consumption Core Metal Melting 


Flux Lb./Hr. Flux Lb./Hr 
C High 5.915 F High 4.595 
F Low 5.336 E Low +. 182 
Difference 0.579 Difference 0.413 
% below high 9.78 © below high 8.98 

Rate of Metal Deposition Deposition Efficiency 

Flux Lb./Hr. Flux 

High 3.940 High 70.64 

A Low 3.000 A Low 59.34 
Difference 0.607 Difference 11.30 
% below high 15.4 &% below high 15.96 


mine. Most of its action will be better understood when 
the slag-metal equilibrium data are published. It will 
suffice to note a few of the effects of each of the elements 
studied herein. 

Carbon in the welding rod will melt into the liquid 
iron at the end of the welding rod forming molten metal 
which on first melting is of essentially the same average 
composition of the parent rod metal from which it was 
derived. At this same instant the flux is being melted 
also by the heat from the arc. At the temperatures 
above the melting point of the rod the carbon in the 
form of iron carbide reacts with the oxides in the flux and 
with the oxygen in the air to form carbon monoxide. 
The effervescence or boiling resulting from this action 
causes the formation of the metal spray and results in 
metal transfer across the arc and metal deposition in the 
weld. The result of raising the carbon content of th 
welding rod tends to increase the rates of rod consump 
tion and metal deposition. By careful examination oi 
the data in Table 7 this may be noted. At the 


Saline 


1940 


Metal Loss, Deposition Rate of Rod Initial Le 
by// Efficiency, ‘ Metal Melting Actual ‘ 
59.34 5.8 
O7 70.21 1.315 14 
O6 4°] ’ 
S2 64.57 $370 
7 O4 $ 505 is 
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neces in the activits the flu 


Steel No. 2 in the case of f{ 


time the inherent differ 
must not be overlooked. 


flux coatings, Table 7, shows the highest rates of rod 
consumption while steel No. 12 is the lowest with three 
coatings, and nearly so in the fourth. Since thes« 
steel compositions are nearly the same with the excep 
tion of the carbon and manganese, the carbon must be 
actively increasing the rate of metal deposition and rod 
consumption. Table 10 shows that the difference in the 
average values for rod consumption of these two steels 
for all fluxes is 0.638 Ib. per hour and metal deposition 
values differ by 0.507 Ib. per hour. Hence if the carbon 
and manganese are increased by 0.125% C-0.39% Mn 


the metal deposition rate increases by 0.507 Ib. per hour, 
and a combined increase of 0.01%*C and 0.082% Mn 
should increase the rod consumption rate approximately 
0.05 Ib. per hour. This value high and may 
be closer to 0.03 Ib. The action of manganese may be 
to reduce the rate of rod metal consumption by reducing 
oxide absorption from the flux and hence tend to work im 
a direction opposite to the effects of carbon. Precise 
values are difficult to determine due to the interaction ot 


seems too 


Table 13—Tensile Properties of Weld Metal Specimens 


Steel Redu Klong 
No Yield rensilk 
Rod Strength, Strength Elasti Area 12] 
Core Lb./In Lb./In Ratio 

(iM) 

66.4 ) 

400) ) 70 

HOt) 

flux and core metal during melting, the relative 

itude of these chang and the pl bab t t thi 
experimental work The activity of { 
alwavs fully accounted for by the 
the common element 

Che individual differences between the result n steel 
No. 8 and No > seemed to indicate that phosphor 
raised the melt Y ral t me extent lf 
tain that the precise difference of a give t 
rod cannot be determined by the use of the aver 
given in Table 10, but will have to be stud: 
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cisely in the case of individual fluxes only after a still 
more accurate control of technique can be attained. 

Table 13 shows clearly first, the influence of the slag 
system and flux of the electrode and its predominance 
over the influence of the core-metal composition of the 
electrode, and, secondly, the effects of the phosphorus 
on the tensile strength and elongation. The phosphorus 
in steel No. 10 practically made up completely the differ- 
ences which would have resulted from lower carbon, man- 
ganese and silicon values present in these weld metal 
deposits. The elongation in this instance was reduced 
somewhat more than an amount commensurate with the 
increase in the tensile strength of the weld metal. 

The tensile strengths of the weld metal deposits in all 
cases were higher than the tensile strengths expected 
from the usual plate of bar steel of the same composi- 
tions in the as-rolled condition. This was due primarily 
to the rates of quenching of the weld metal as it is de- 
posited from the arc-welding electrodes, and somewhat 
different because of the oxygen and nitrogen content of 
these weld metal tests. 

Taking the average values for the weld metal tensile 
properties for all core-wire compositions for each flux 
coating, we obtain Table 14. 


Table 14—Average Tensile Properties of 


Flux Reduc- Elonga- 
Coat- tion tion 
ing Yield, Tensile, in Area, in2In., Elastic 
of Rod Lb./In.? Lb./In.? Ratio 
A 19,200 65,450 51.5 26.0 75.2 
I 51,600 68,400 57.0 31.8 75.4 
i 49,600 62,300 58.9 31.8 79.6 
D 58,800 73,800 58.1 29.3 74.0 
55,470 67,600 57 .6 30.1 82.0 
F 61,300 75,000 38.0 23 .0 81.7 
Flux Coating A on Various Steels 
Flux A 
Steel 
l $5,500 64,250 50.6 30.0 
2 $5,750 63,120 56.8 31.0 
3 50,000 67,000 65.2 28.0 
4 54,750 71,250 50.6 27.5 
§ 53,250 70,500 §7.3 29.0 
6 45,360 61,990 45.6 25.0 
7 51,750 68,750 52.0 26.0 
9 43,250 59,500 58.1 28.0 
10 52,000 66,750 27.9 17.0 
11 52,150 71,100 54.1 30.0 
12 47,690 60,240 47.8 25.0 
49,200 65,450 51.5 26.9 
} 50,650 65,015 50.5 28.5 
5 60,500 72,500 56.5 28.0 
11 56,000 73,150 44.6 26.0 
Flux Coating B on Various Steels 
Flux B 
Steel 
l 50,000 67,500 65.2 31.0 
2 48,260 67,310 59.2 32.0 
3 50,000 68,000 52.7 33.5 
4 53,000 68,500 63.3 35.0 
5 55,250 69,250 61.8 31.5 
6 50,450 65,260 60.9 33.5 
7 57,500 74,250 56.0 31.5 
46,750 62,500 60.0 $1.5 
9 45,500 61,500 56.8 33.5 
10 58,200 74,500 55.7 29.5 
11 56,250 70,400 61.3 31.0 
12 48,500 61,750 41.3 28.0 
51,600 68,400 57.0 31.8 
$ 49,645 64,765 62.0 32.0 
5 56,000 70,250 61.6 32.5 
11 55,750 70,750 59.4 32.0 
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Flux Coating C on Various Steels 


Flux C 
Steel 


5 
ll 
Flux D 
Steel 


> bo 


47,500 
48,500 
46,870 
59,000 
57,500 
44,000 
51,000 
$2. 000 
42,100 
53,000 
56,000 
47,500 


59,700 
56,000 
58,250 


59,000 
58,250 
50,100 
50,150 
60,750 
59,400 
61,750 
58,850 
57,900 
63,250 
65,000 
62,000 


58,800 


55,000 
54,350 
50,500 
50,500 
60,850 
58,750 
57,500 
51,500 
53,250 
57,100 
59,600 
56,750 


55,470 


61,400 
58,600 
67,600 
67,600 
58,350 
57,850 
62,750 
59,750 
55,300 
64,000 
63, 150 
59,500 


61,300 


61,000 
62,500 
61,230 
66,250 
67,600 
58,000 
65,000 
56,000 
56,190 
67,500 
67,500 
59,000 


68,750 
70,250 
68,850 


to 


,150 
2,500 
3,000 
ol 
3,000 


sj] eis] 


44,000 


71,750 


73,800 


65,51 
66,250 
63,000 
63,000 
71,000 
),750 
70,250 
66,150 
66,500 
71,750 
70,250 
66,850 


67,600 


80,000 
77,400 
72,750 


75,( 


62.4 
61.6 
64.5 
58.3 
62.1 
69.3 
40.3 
58.1 
63.3 
45.5 
58.3 
62.3 
63.0 
61.6 
15.8 
60.8 
60.8 
54.7 
61.1 
58.6 
59.1 
144.3 
62.1 
61.6 
55 5 
62.6 
58.1 
55.7 
61.6 
63.3 
63.3 
4 
560 
56.8 
48.1 
59.8 
50.3 
57.8 
59.4 
32.5 
18.9 
40.4 
40.4 
17.8 
34.4 
34.1 
37.3 
30.8 
41.0 
29.5 
39.4 
38.0 


Of instant interest in these data is the relatively high 
phosphorus pick-up, and its relatively small effect 
In all probabil 
ity the effects of the nitrogen absorbed in the weld metal 
is of nearly equal potency in its action on the elasti 


the weld metal deposit, so far observed. 


ratio, the elongation and reduction in area. 


The / 


and the A coated rods both have low phosphorus values 
and normal sulphurs, but are very low in their elongations 
which leads one to consider other elements such as silico! 
oxygen, hydrogen and nitrogen introduced during weld 
ing as being very influential in affecting the properties ol 


the weld metal deposits. 
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1 36 
2 33.5 
3 36.5 
30.5 
5 30.0 
6 35.5 
7 92.5 
8 33.5 
9 33.5 
10 26.5 
11 
12 31.0 
34.0 
29 5 
30.5 
30.0 
30.5 
29.5 
() 
) 26.0 
16,100 
8 72,250 30.5 
ase = 9 72,500 32.0 
10 — 30.5 
— 29.0 
12 29.0 
29.3 
Flux 
Steel 
l 
2 32.5 
3 30.5 
} 30.5 
5 29.0 
6 99 () 
7 80 0 
5 
30.0 
10 27.5 
11 20.0 
12 28.5 
30.1 
Flux F 
Steel 
l 74,950 21.0 
2 74,750 28.0 
3 74,150 24.5 
74,150 24.5 
5 75,000 20.0 
6 73,500 23.0 
7 78,750 20.0 
bad 75,300 24.5 
71,400 290.0 
10 96.5 
295 
12 23.0 
93.1 


THE ENGINEERING FOUNDATION 
Welding Research Committee 


Sponsored by the 


American Welding Society “ « 


and American Institute 


» » of Electrical Engineers 


Supplement to the Journal of the American Welding Society, December 1940 


The WELDING RESEARCH COMMITTEE 


PURPOSES AND ACTIVITIES 


During 1935 the Welding Research Committee was or 
ganized by The Engineering Foundation and sponsored 
jointly by the AMERICAN WELDING Society and the 
American Institute of Electrical Engineers for the pur- 
pose of assembling, digesting and publishing all available 
information regarding welding research; stimulating and 
conducting needed research in the welding field; and 
correlating existing and future programs of welding re 
search. Its activities have been divided into three parts: 
Literature, Fundamental Research and Industrial Re- 
search. 


THE IMPORTANCE OF RESEARCH 


Undoubtedly the remarkable progress made by the 
welding industry during the past twenty years is due in 
a large part to the various cooperative research programs 
and to researches in private companies, governmental 
departments, universities and by individuals. Asa result 
of this research effort welding engineering has been 
placed upon a sound scientific basis. Its growth has 
steadily increased, so that it is now universally accepted 
for important structures, such as pressure vessels, ships, 
railroad trains, buildings and bridges. 

New problems are constantly arising that need solu 
tion. Many of the old problems remain partially un 
solved. Although a great amount of factual data has 
been secured, in some instances the reason why is not 
clearly understood. For example, the behavior of ma 
terials and welded joints under multi-axial stresses and 
what happens to residual stresses in service in a quantita 
tive way are mostly unknown. The weldability of steels 
is understood from a practical view-point, but the yard 
sticks for measuring weldability have not been stand 
ardized, nor has the fundamental knowledge needed for 
the most economical applications of welding in regards to 
weldability and residual stresses yet been secured. 

We have only scratched the surface in securing quanti 
tative data on the fundamentals of resistance welding. 
There is every reason to believe that a better understand 
ing of the phenomena involved would bring about radical 
changes in our conceptions and methods of making re 
sistance welds and so widen the range of applications far 
beyond anything that we can now conceive. 

The structural and bridge engineer need quantitative 
information as to the behavior of various types of joints 
in service, and as to the best methods and procedure for 


making such joints. The fundamentals of heat gradient 
and transfer of metal in are welding are for the most part 
undetermined factors. The problems involved in welding 


of the alloy steels to the best advantage are almost 
numerous to mention. It is a primary function of the 
Welding Research Committee to stimulate research by 
others, to conduct cooperative research where this can 
be done advantageously, to make available in readily 
usable form existing knowledge in the literature of the 
world, to educate young engineers as to the value and 
importance of the fundamentals of welding engineering, 
and to develop a sound basic scientific foundation from 
which further progress can be magle. There are many 
correlative objectives. 


FUNDS 

It would be impossible to accurately appraise the 
work of the Welding Research Committee on a dollars 
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and-cents basis. The budget, published elsewhere, shows 
a total annual expenditure of the order of $125,000, ex 

clusive of contributed services and materials. However, 
this amount actually is only a small fraction of the total 
funds involved in its program. For example, it would be 
difficult to appraise how much research work is stimu 

lated in private companies or governmental departments 
as a result of the work of the various committees and 
divisions of the Welding Research Committee. It would 
be equally impossible to correctly appraise the value of 
making available the results of literally hundreds of thou- 
sands of dollars worth of research that is being conducted 
all over the world in the welding field and reported in the 
literature. That the work of the Welding Research Com- 
mittee is becoming better appreciated is indicated by the 
fact that during the past year the number of subscribing 
organizations and companies increased from 37 to 63, 
more than a 70% increase in a single year. 
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Number of Cash Subscribers to 
Welding Kesearch Committees Activities 


Engineering Foundation acts as treasurer for the funds 
of the Welding Research Committee. 

By distributing the cost among a number of companies, 
the burden on any one company is small and insignificant 
as compared with the value of the results received. 
Contributions may be made to the funds of the Main 
Committee, or earmarked for specific investigations. 
Checks may be sent to The Engineering Foundation 
Welding Research Committee, 29 West 39th Street, 
New York, N. Y. 


REPORTS 


The results of the work of the Welding Research Com- 
mittee are made available to industry in many ways. 
The Committee issues regularly a monthly bulletin vary 
ing in size from 32 to 96 pages, journal size (S*/, x 11°/). 
These bulletins are disseminated throughout the world 
as Supplements to THe WELDING JOURNAL, and are 
distributed to all research workers affiliated with the 
Committee and its Divisions, as well as to the subscribers. 
In addition, some papers resulting from important re 
search investigations are issued in separate bulletin form. 
A small book of 177 pages was published which contained 
all the reports presented at a symposium on Impact 
Testing. Detailed reports on the Fatigue Tests of Welded 
Joints are issued as bulletins of the University of Illinois 
and summarized in the regularly monthly bulletin of 
the Welding Research Committee. 

The Fundamental and Industrial Research Divisions 
also present their best reports in the form of interesting 
papers before the Annual Meetings of the AMERICAN 
WELDING Society. These are made available to all sub 
scribers in the regular Research Supplement. 

The reports of the Literature Division are first issued 
in mimeographed form and distributed widely to some 
two hundred experts in each specific field for comments 
and revision. The revised digests are later published in 


( ‘ vy America Iron & Stee sft 
the Research Supplement. Thr ugh an arrangement Growth of the Use of Welding as Compared with Production of Stee! 
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with the American Institute of Steel Construction report 
issued by that body relating to welding are also mad 
available. 


RESEARCH INFORMATION SERVICE 


The Welding Research Committee conducts a R: 
search Information Service of benefit to its subscriber 
and research workers in the universities and serving o: 
its committees. Brief bibliographies are prepared whe: 
requested, as well as pertinent information relating t 
specific questions. This service has been extreme) 
valuable to a number of companies. 


COOPERATION WITH FOREIGN RESEARCH 
COMMITTEES 


Before the current war the Welding Research Com 
mittee maintained the closest relationships with cor 
responding research committees in the principal coun 
tries of Europe. At present an exchange relationship 
exists between the United States and a similar committe: 
in Great Britain. A number of valuable reports hav: 
been brought to the attention of our American research 
workers in this way, thus saving the necessity for dupli 
cating welding research work amounting to many 
thousands of dollars. 


COOPERATION WITH OTHER NATIONAL SOCIETIES 


Although the Welding Research Committee is jointl 
sponsored by the AMERICAN WELDING Society and the 
American Institute of Electrical Engineers it enjoys the 
fullest cooperation of other scientifie bodies and national! 
engineering organizations as well as trade associations 
Among these may be mentioned 

American Bureau of Shipping. 

American Institute of Steel Construction, Inc. 

American Iron and Steel Institute. 

American Petroleum Institute. 

American Society of Civil Engineers. 

American Society for Metals. 

American Society for Testing Materials. 

American Transit Association. 

Resistance Welder Manufacturers’ Association. 

These organizations have been most helpful in bringing 
to the attention of the Committee needed research prob 
lems, in small grants (in a few instances these grants are 
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quite large), in the publication of results, 
symposia and in many other ways. 
Welding Research Committee 


In arranging 
The work of the 
thus becomes truly 


a 
cooperative venture. 
GOVERNMENT COOPERATION 
Of growing importance is the cooperation of the U. S 


Government in the work of the 
mittee. Following is a list of some of the governmental 
departments which are actively ¢ operating 
through direct financial support or in other wavs 


Welding Research Com 


either 


Chis project is a carry-over from the American Bureau 
Public Roads A {ministration ol Welding and has many iccomplishments to its credit 
U.S. Navy Department lhe work now ¢ mprises more than 70 active research 
Bureau of Aeronautics. projects In Many universities of thi untry. In addition 
Bureau of Ships to the direct results of these invest; iti the eT VE 
Bureau of Yards and Docks. aS a means of educating profi rs and students of the 
Naval Research Laboratory, Anacostia Station instituti question, thus providing a upply of your 
Experimental Mode] Basin. engieers who are familiar with welding However, a 
Naval Gun Factory. considerable number of these res: rches have devel ped 
U.S Aves . data, methods of analysis, and informat as to th 
Ordnance Department nature of the phenomena involved, wl all told 
Watertown Arsenal. stitute a major tribution to thos lustric 
Wright Field, Material Section. cerned with weldi together mors 00 
U.S. Department of Commerce: beet d 
Bureau of Marine Inspection and Navigation Perhap suggests the expa 
Maritime Commission. welding so much as the increa participat . oe 
Conumittee in fundamental research Not o1 ire mor 
At this time it is believed important and significant to research lab ratories embat g upon wel earch 
indicate that through the past several years the Welding each vear but the ule of the individual reseay hes ha 
Research Committe: has built an organization which been et Wil \s a result the Committee } is bes bl 
embraces the leading scientific wi Iding research talent; recent years to gra ucial aid each vear ft bout 
of this country as represented by the best experts and five ‘university researchers on we Iding Vheir re roche 
technicians available in industry, governmental depart have been in the fundam ul subfects of physics and 
ments, university laboratories ‘and scientific organiza metallurgy Che Committ hope expand j 
tions. If the Committee were to be called upon in cor ustance to fundamental research in the futus belie 
nection with the National] Defense measures, it could that advance j ipplied research depends to a ifiear 
muster with efficiency, and without Joss of time, th xtent on progress in the fundamenta] 
major available scientific and engineering resources in 
the- welding field for such work. This machin represents 
a well-knit, smoothly working organization with impor INDUSTRIAL RESEARCH 
tant contacts here and abroad. It already has mad 
available in condensed usable form the major portion of rhe purpose of this divisior Is to coordinate industrial] 
welding research information existing in the literature of — resear h without tre spassing upon fields of a emporarily 
the world as of 1926 Che literature on specific subjects confidential] iture Its functions are carric d out } 
for the past four years could be quickly reviewed and _ thre Wavs 
made available in an eme gency. It has trained pers: l. Stimulation of research on select: d phases of weld 
nel in the leading universities and governmental labora g, and the publication of the results in th rm of 
tories to undertake specific problems. Key experts are papers and reports 
already serving on important committees. ~. Arranging sy Mmposia on selected subjects as. f, 
example, Impact Tests, and W: Idability of Steel 
8. _Conducting large research projects of broad general 
LITERATURE Importan is, lor example, Fatigue Research. Stres« 
Welds, Weldability of Steels Resistance Welding, and 
The purpose of this division is to make available in Structural Stee] 
convenient condensed form thx welding knowledge co1 Phe work of this divisioy s carried out through the oy 
tained in the literature. Thes: digests of the literatur: ganization of suitable committees. Close ; perat ™ 
serve many useful purposes among which may be listed maintained between other societies and orga +f 
l. They bring to the engineer the best information such as, American Institute of Ste: 1 Construct \meri 
existing which can by used by him in his work, thus en Iron and Steel lustitute, American Petrole m 
abling him to have at hand the combined experience of Institute. American Society of Mechanical Engj I 
many people and the results of thousands of dollars Boiley Code Committee. American Society f r Testing 
worth of investigational work. Materials, American lransit Association. t hnical con 
2. They give the research man a basis of operation mittees of the American Welding Societ. Public Road 
thus enabling him to profit by the experiences and mis \dministration, U.S. A. 1 « Navy -Burea ' 
takes of other investigators, and to build his research and th: like 
program on a sound foundation. [t can be safely stated 1 lat a large perc: f ti 
4. They give to students a condensed use ful digest outstandi: g leaders of industrial resear wel 
of information existi; § on a specific subject, together field have been draw Into the pictures 
with a selected bibliography. more of thesé nous committee 
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BRIEF PROGRESS REPORT 


UTSTANDING in the accomplishments of the 
O Welding Research Committee is the broadening 

of the base of support for the work of the Com 
mittee. Last year the number of subscribing organiza 
tions and companies was thirty-seven; this year the 
number has been increased to sixty-three, which repre 
sents more than a 70% increase in one single year. The 
work of the Literature Division continues to receive 
world-wide appreciation. During the year 10 critical 
digests were published, and 5 are available in mimeo 
graph form. The Fundamental Research Division has 
increased its usefulness and its productivity. To a con 
siderable extent this has been possible through the 
availability of increased appropriations by the Mair 
Committee for the work of the Fundamental Research 
Division. In the Industrial field most of the committees 
are making creditable progress, but the financing of the 
Carbon-Manganese and Structural Steel projects deserve 
special mention. 

Outstanding among the accomplishments also are the 
better relationships existing between the Committee and 
affliated trade associations and societies. For example, 
the American Iron and Steel Institute has trebled its sup 
port to the work of the Committee. The Committee has 
had the full cooperation of its sponsors, namely, the 
AMERICAN WELDING Society and the American Insti 
tute of Electrical Engineers. The AMERICAN WELDING 
Society has continued its interest and support by an 
expenditure of approximately $8000 a year in publishing 
and widely distributing the reports of the Committee andin 
providing opportunities at their annual meeting for pres 
entation of reports, papers and discussions. 

The Main Committee held two meetings during the 
year: May 9th and October 10th. 


REVIEWS, PAPERS, REPORTS AND TRANSLATIONS 


A list of the important reports issued by the \/ain 
Committee during the past year is: 

Strength of a Welded Steel Rigid Frame. 

The RO6le of Temperature Control and Measurement 

in the Welding of Oil Well Casing. 
Graphic Analysis of Thermal Stresses. 
Second Progress Report of the Joint Investigation of 
Continuous Welded Rails. 

Factors Affecting Residual Stresses in Welds. 

A Comparison of Tests for Weldability of Twenty 
Low-Carbon Steels. 

A total number of 496 journal size (8*/4 x 11°/s) pages 
were printed during this period, consisting of reports 
divided as follows: 

12—-Main Committee. 

24—-Fundamental Research. 

10—-Industrial Research. 

\O—-Literature Reviews. 

13—Translations. 


tor the Year 1940 


In addition to the printed translations which were pul 
lished in the Welding Research Supplement, 11 transla 
tions were mimeographed and widely distributed. 

Seventeen papers and reports of the Welding Research: 
Committee were presented at the annual meeting of th 
AMERICAN WELDING Society last October. 


LITERATURE DIVISION 


As stated above the Literature Division published t: 
Reviews of the Literature during the past year, bringing 
the total number already published up to 46. Among th 
Reviews not as yet published but which are nearing th: 
final stage of revision, may be mentioned: 


Welding of Gold, Silver and Platinum. 

Welding Aluminum and Its Alloys by Arc, Torch and 
Pressure Processes. 

Lead Welding. 

Weldability —Base Metal Cracks. 

Weldability—-Weld Metal Cracks. 


Outstanding Literature Reviews published during th 
year dealt with: 


Welding of Special Metals, such as Zinc, Tin, Bismuth, 
Antimony, Cadmium and Tellurium. 

Effect of Certain Ingredients in Steel on the Weld 
ability. 

Oxygen-Cutting of Steel and Oxygen-Cutting Pro 
cedure. 

Flame-Cutting of Non-ferrous Materials. 

Resistance Welding of Aluminum and Its Alloys. 

Welding of Magnesium and Its Alloys. 

Welding Nickel and Its Alloys. 


The work resulting from these activities has been of 
much importance in furnishing to research workers in 
formation which would not have been readily availabl 
to them 


FUNDAMENTAL RESEARCH DIVISION 


The part played by the Fundamental Research Divi 
sion in stimulating research among the universities was 
exemplified by the successful conference held in Cleveland 
on October 22nd, during the annual meeting of the 
AMERICAN WELDING Society. Some 75 researchers ot 
the Division and visitors attended this conference. Ten 
formal reports were presented in the form of papers 
during the various sessions of the convention, and at the 
conference itself four or five brief summaries of projects 
under way were presented by some of the research 
workers. These reports, as well as the participation by 
the professors in the conference and the Metal Exposi 
tion, clearly bring forth the value of the educational 
work of this Division in training young men in welding 
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engineering and science, and in bringing about closer Society for Testing Materials. The second meeting was 


cooperation of the university professors of this country. held in connection with the Annual Meeting of the 
In February the Division received approval to award AMERICAN WELDING Society. The attendance at these 

a grant for research on weldability tests of steels to be meetings was 50 and 100, respectivels In addition 

onducted at the University of Illinois under the direc- numerous meetings of the various project committees 

tion of Professor W. H. Bruckner. Another smaller were held during the vear 

grant was allotted to Dean W. B. Kouwenhoven, of Some of the more important reports of the Jndustriai 

Johns Hopkins University, for research on contact re Research Division are: — 


sistance in spot welding. Professor Bruckner’s investi 
gation will explore the sphere of application of each exist 
ing weldability test, while the research on contact re 
sistance at Johns Hopkins University is intended to 
supplement similar research in different directions at 


Spot Welding of Automobile Grade Mild Steel 

Weld Hardening of Carbon and of Allov Steels 

Fatigue Tests of Welded Joints in Structural Plates 
anda 

Symposium on Weldability 


Union College. A small additional grant was also made 
to Dr. Studer at the last-named university, to continue 
these investigations on contact resistance. A grant was 


awarded in August to Professor George Sachs, of the 


Case School of Applied Science, for an investigation on Estimated Budget for 


the effect of plastic deformation on the relief of shrinkage 
stresses in welded aircraft tubing, and the effect of in Y ¢ 
ternal stresses due to heat treatment on the cracking of Car OMMencing 


aircraft tubing during subsequent welding. C) t b l 1940 
Significant reports of the Fundamental Research & O eT j 


Division are: 


Anticipated estimated 
Spot Welding of Low-Carbon and Stainless Steels Conti ibustion Cost o 
Contact Resistance in Spot Welding. In Cash In Kind — Proj 
Effect of Alloying in Metallic Are Welding. 6.580 6,750" 15, 
Welding of Copper. oe nt al Research Div 8,60 8,600 
: ndustrial Research Div 2.050 2 
Welding Inspectiori by Means of Trepanned Plugs. Exclusive of Projects 
Are Welding in Controlled Atmospheres. Literature Division 95K 6,700 
Investigation of the Fatigue Strength of Welded  Preiects 
Metals and Welded Butt Joints in the As-Welded 2 
and Stress Relieved Conditions. Carbon Manganese (Weldability) 11,10 1 OOK 12-100 
rhe Metallurgical Effects of Oxygen Cutting on Steel Weld Stresses 1,026 1,800 3,72! 
Non-destructive Tests 3,000 1,900 $000) 
Fatigue Testing 14,600 500 Ik 
Aluminum Alloys 800 + 
INDUSTRIAL RESEARCH DIVISION Resistance Welding 1,125 1,750 2,87: 
Aeronautics ( Resistance 17,500 10,00 27,500 
The outstanding accomplishments of the Industrial 
Research Division during the year consisted of the finance of Ts 
ing of three large research projects, namely, the Weld 
ability of Steels and the Effect of Carbon Manganese Toral $77,030 $47,000 $124,030 
on Weldability; Structural Welding Research; and Nore 1—Supervision. It is estimated that during this period 
Resistance (Aeronautical) Research. Detailed infor each committee member will contribute at least $100 in contributed 
mation concerning these projects is given in the Annual oF oma —~ — expenses. This brings the total for super 
Report of the Industrial Research Division Nore?. It isassumed that contributors to ue Main Committee. 


The Industrial Research Division held a meeting of and in a few cases to special projects, will continue their 
its Executive Committee in Atlantic City on June 29th, — butions 
» * cludes ributt or publication exp sec b 
and a meeting of the entire Division in Cleveland on the expen 
evening of October 21st. Phe first meeting was arra iged {This amount represents contributed translations and mimeo 
in connection with the convention of the American graphing 


contri 


THE LITERATURE DIVISION 


HE principal function of the Literature Division is Che critical digests are first issued in mimeographed 
to make available in readily usable form the welding form. These digests involve the most careful condensa 
research information which exists in the literature tion and correlation of information existing on a specifi 
of the world. It carries out this function primarily in subject. Sometimes these reviews require the digesting 
two ways: (1) by preparing critical digests of information of from four hundred to five hundred articles. For the 


on specific subjects scattered through the many journals — benefit of the practical engineer a Summary is prepared 
published in a number of languages, and (2) by preparing of accepted truths, or finding 


translations of important current foreign articles. ture. These Summary statements represent informatior 


Ss, as indicated in the litera 


477-: 


\ 
f 
4 
we 
ay 
4 
ay 
i 


on which there is general agreement in the literature. 
Sometimes there are also included the results of individ- 
ual researches, when such results are generally accepted 
beyond question. Each digest also includes a care- 
fully selected bibliography and a list of problems on which 
further solution is needed. 

One of the functions of these digests is to provide the 
research investigator who does not have library facilities 
available, or who is unable to translate foreign languages, 
with a condensed summary of the findings of investiga- 
tors who have previously worked in the field, and pre- 
sented in such a way as to eliminate the necessity of the 
researcher looking up these articles himself. 

The purpose of issuing these digests first in mimeo- 
graphed form is to provide the various experts who 
prepared the original articles an opportunity to see the 
condensed statement and to revise, or add thereto, 
when later knowledge has become available. In this way 
the digests when finally printed represent the work of 
many minds, rather than those of the abstractors, or 
reviewers. 

A list of the Reviews of the Literature prepared during 
the year is given below, as is also a list of the translations 
which have been made available to the research workers 


REVIEWS OF THE LITERATURE 


Che Effect of Hydrogen, Arsenic, Titanium and Miscellaneous 
Elements on the Welding of Steel—A Review of the Literature to 
July 1, 1938, by W. Spraragen and G. E. Claussen, Welding Re 
earch Supplement, January 1940, pp. 25-30. 

Flame Cutting Non-Ferrous Metals and Non-Metallic Materials 
and Oxidation of Metals at Elevated Temperatures—A Review 
of the Literature to July 1, 1938, by W. Spraragen and G. E 
Claussen, Welding Research Supplement, February 1940, pp. 51-60 

Underwater Cutting, Arc Cutting, the Oxygen Lance, and Oxy 
gen Deseaming and Machining—A Review of the Literature to 
January 1, 1939, by W. Spraragen and G. E. Claussen, Welding 
Research Supplement, March 1940, pp. 81-96 

Oxygen Cutting of Steel—Part Il—Oxygen Cutting Procedure 
A Review of the Literature to January 1, 1939, by W. Spraragen 
and G. E. Claussen, Welding Research Supplement, May 1940, pp 
161-208 

Welding Zinc, Tin, Bismuth, Antimony, Cadmium and Tel 
lurium—A Review of the Literature to June 1, 1939, by W 
Spraragen and G. E. Claussen, Welding Research Supplement, 
June 1940, pp. 209-217. 

Resistance Welding Aluminum and Its Alloys—A Review of the 
Literature to January 1, 1939, by W. Spraragen and G. E. Claussen, 
Welding Research Supplement, July 1940, pp. 241-280 

Hard Surfacing—-Developments in Hard Surfacing Alloys Keep 
Pace with Increasing Application, by M. L. Begeman, University 
of Texas. A contribution to the Literature Division, reprinted 
from Canadian Metals and Metallurgical Engineering, February and 
March 1940 

Welding Magnesium and Its Alloys—A Review of the Literature 
to July 1, 1939, by W. Spraragen and G. E. Claussen, Welding Re 
search Supplement, August 1940, pp. 281-292. 

Aluminum Soldering—A Review of the Literature to July 1, 
1939, by W. Spraragen and G. E. Claussen, Welding Research 
Supplement, September 1940, pp. 313-322. 

Welding Nickel and Its Alloys—A Review of the Literature to 
January 1, 1940, by W. Spraragen and G. E. Claussen, Welding 
Research Supplement, November 1940, pp. 441-464 


TRANSLATIONS 


February 1940 

Spot Welders Utilizing Condensers, by Marcel Mathieu, Weld- 
ing Research Supplement, February 1940, p. 65. Abstract of 
“Machines a souder par accumulation d’energie dans un con- 
densateur,’’ presented at a meeting of the French Society of Elec- 
trical Engineers on March 23, 1939, and published in Bulletin de 
la Société Francatse des Electriciens, July 1939 

Torisional Fatigue Strength of Fillet Welds, by A. Thum and A. 
Erker, Welding Research Supplement, February 1940, pp. 71-72. 
Abstract of ‘‘Wechselverdreh-festigkeit von Kehlnahtverbindun- 
gen,”’ published in Elektroschweissung, November 1939. 
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March 1940 

Quality of Radiographed Welded Pressure Piping, by M. Ro 
and E. Brandenberger, Welding Research Supplement, March 194 
p. 97. Extracts from Bericht, No.122 of the Swiss Materials Tes} 
ing Bureau at Zurich, May 1939 

Tests of the Capacity for Deformation of Multi-Layer Welds in 
Mild Steel, by K. L. Zeyen, Welding Research Supplement, Ma 
1940, pp. 118-120. Abstract of an article published in Elekt, 
schweissung, 10, 1939. 


A pril 1940 

Theory and Application of Modulators for Seam Welding, by 
E. Rietsch, Welding Research Supplement, April 1940, pp. 125-127 
Extended abstract of ‘‘Der Spannungsverlauf beim Modulator”’ 
and “‘Die neueste Steuerung fiir elektrische Punkt und Naht 
schweissmaschinen,’’ published in Elektroschweissung, 10 (7 
128-132, July 1939, and (9) 165-168, September 1939, respectively 

Effect of Rest on Fatigue Behavior, by K. Daeves, E. Gerold 
and E. H. Schulz, Welding Research Supplement, April 1940, 
145. Abstract of ‘“‘Beeinflussung der Lebensdauer wechselbean 
spruchter Teile durch Ruhepausen,”’ published in Stahl und Eise 
60 (5), 100-103, Feb. 1, 1940 

Peening of Gas Welds, by Georg Czternasty, Welding Research 
Supplement, April 1940, p. 160. Abstract of ‘‘Die Rekristallisa 
tionsvergiitung von Gasschweissungen,”’ published in Wdrme, 63, 
No. 2, 13-23, Jan. 13, 1940 


June 1940 

Reinforcement of Openings in a Welded Pressure Vessel, by 
E. Siebel and S. Schwaigerer, published in Welding Research Sut 
plement, June 1940, pp. 238-240 


August 1940 

Spot and Seam Welding Light Metals, by Carl Haase, Weldi 
Research Supplement, August 1940, pp. 307-310. Extended abstra 
of “‘Punkt und Nahtschweissung von Leichtmetallen,’’ a par 
before the Convention of the German Engineers’ Society 
Dresden, 1939, and published in Z. VDI, 84, 89-96, Feb. 10, 194 

German Welding Meeting, Welding Research Sup; 
August 1940, p. 310. Extract from Bautechntk, 18, H 24, 275-271 
June 7, 1940 

Fatigue Tests of Welded Railway Car Joints, by A. Erker and 
T. Cleff, Welding Research Supplement, August 1940, p. 311. A 
stract of ‘‘Untersuchungen iiber die Dauerhaltbarkeit von Fahr 
zeugrahmen,” Deutsche Kraftfahrtforschung, 35, 1939, 26 pag 
The experiments were conducted at the Materials Testing Labora 
tory of the Technical College of Darmstadt, Germany. 


bpleme 


September 1940 

Alloy Steel Filler Rods for Oxyacetylene Welding Boiler Plat: 
by A. Theis and K. L. Zeyen, Welding Research Supplen 
September 1940, p. 332. Abstract of “Studien zur Gasschmel 
schweissung von Kesselblechen grésserer Dicke in den Festig 
keitsstufen 2 und 4 mit verschiedenen Zusatzwerkstoffen,”’ pub 
lished in Autog. Metallb., 33, H5, 57-65, March 1, 1940 

Temperature Distribution and Shrinkage Stresses in Arc Weld 
ing, by D. Rosenthal and J. Zabrs, Welding Research Suppleme 
September 1940, p. 323 rhe report is No. 122 of the Belgian 
Welding Research Committee 

The following translations were not printed in the Welding R¢« 
search Supplement. Copies were reproduced and widely dis 
tributed by the Central Office. 

Hardening of Manganese Steels in Bead Welding, by M. Cor 
nelius and K. Fahsel 

Specifications for Welding Pressure Piping, prepared by the 
Technical Staff of the French Institute of Welding. 

Technical Specifications for Arc Welding Pressure Vessels in 
Weldable Steel Plate Thinner than 1 = 0.006 D, prepared by 
Technical Staff of French Institute of Welding 

Radiation of Heat from Welding Flames, by J. Werneburg 

The Bead-Bend Weld Test and Its Suitability for Testing Struc 
tural Steels, report from Research Laboratories of Friea. Krupp 
A.-G. Essen, Germany. 

Process for the Manufacture of Steel Tubes by Electric Welding, 
by Mario Sciaky, Bulletin de la Société Francatse des Electrictens, 
July 1939 

The Welding of St-52, by Dr. Ing. Roland Wasmuht, Dortmund, 
Germany. 

Tests of Fillet Welds, by J. L. Vandeperre and A. Joukoff 

Flame Hardening of Gray Cast Iron and Malleable Cast [ron 
by Prof. Dr. Ing. Gottfried Kritzler, Brunswick, and Dr. Franz 
Roll, Leipzig. 

The Effect of an Excess of Oxygen or Acetylene Upon the Me 
chanical Characteristics of Welded Seams, by Professor H. Holler, 
Germany 

The Status of Welding in German Steel Fabricating Shops, by 
Dr. Ing. Otto Kommerell, Central Bureau, German State Railways, 
through the courtesy of the American Institute of Steel Construc 
tion. 

Metal Transfer in the Welding Arc, by Dr. Ing. H. von Conrady 
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FUNDAMENTAL RESEARCH DIVISION’ 


HE Fundamental Research Division widens the 

view-point about welding. Instead of being con 

tent with our knowledge of welding at any stated 
time, the researchers of the Division spot weak points in 
time-honored explanations and use the scientific method 
to arrive at more Satisfying explanations. In this way 
the Division is amassing a stock of basic information 
and theories about welding gathered from the basic 
branches of science and engineering, corresponding to 
fiber technology in the textile industry, or to aerody 
namics in the aircraft industry. The Division is the 
organized link between the fundamental and the applied 
in welding. 

Organization is the least important aspect of the 
Division, for it is very easy to strangle a laboratory with 
red tape. Therefore, the Division consists simply of a 
number of researchers, 75 to 100, the number varying 
from time to time, headed by a Chairman. Whenever 
several researchers are engaged upon similar research 
they are encouraged to cov perate, without losing sight 
of the advantage of approaching the same problem in two 
or three directions. The relationship among the re 
searchers and the Chairman may be grasped from an 
analysis of input and output. 


Input Output 


Research papers 

Cooperation of welding ex 
perts with experts in the 
fundamental sciences 

Welding - minded students 
and laboratories 


Visits 

Suggestions, bibliographies 
and specimens 

Fundamental Research 
Supplement 

Conference 

Research grants 


RESEARCH REPORTS 


Consider first the output of the Division. The palp 
able product is the research paper. Twenty-six research 
Papers were contributed to the Division during the past 
year and were published in Welding Research Supple 
ment. Of these, five dealt with resistance we Iding and 
five with the metallurgy of the weld puddle. One of the 
papers on resistance welding described instantaneous 
measurements of the load acting on the slug during the 
spot welding of mild steels. Others dealt with the effect 
of surface preparation on spot welding and with the 
resistance offered by surface films. lhe physical chem 
istry of the weld puddle has been advanced this year as 
never before by the efforts of the Dix ision’s researchers. 
Another significant paper on the welding are was con 
tributed by Professor Doan of Lehigh University, wherein 
it was shown that the behavior of a welding electrod« 
may be predicted from the are pressure. The papers 
show that of the countless possible reactions among the 


*After twenty years as head of fundamental research activities in this 
country, Mr. Henry M. Hobart has resigned his post of Chairman of the 
Fundamental Research Division Mr Hobart’'s policy of fost ring funda 
mental! research wil] be continued by the new ( hairman, Mr. H. C. Boardm an 


elements and compounds in the weld metal and slag, only 
a few are important and approach equilibrium 

Other subjects investigated by the 
the past year have shrinkage fatigue, 
weldability tests, Structural and ship welding, the weld 
ing of pressure and pressure Piping (carbon 
molybdenum stee] » Copper welding, oxygen cuttiy and 
hard facing. Practically all phases of welding and allic d 
processes have been the subject of res irch papers. The 
Fundamental Rx search Sessions at the \nnual Meeting 
of the AMERICAN We! DING SOCIETY ar 
clusively to papers contributed to the 


researchers during 
be en 


Stress Ss, 


Vesst Is 


voted 
Division. 


LOCAL COOPERATION 


[wo or three of the investigations that resulted in 
first-class research papers during the year were acc ler 
ated in their progress by local cooperation between the 
researcher and a local manufacturing concern Engi 
neers of the firm discussed the problem with the r 
searcher and provided facilities that we re lacking to the 
researcher. There was an ain in efficiency and 
in quality of results over what might have been expected 
had the researcher be« n left to his own limited re sources 


WELDING-MINDED STUDENTS 


It is safe to say that the students who were asso 
in the welding researches at the various universiti have 
a better conception of welding than the, 
secured through courses of Instruction 
relatively few students. perhaps not mor 
who had the advar tage of research training in we Iding 
Yet many of them doubtless will become in the next few 
years unportant members of welding organi 
sponsible for the deve lopment of welding processes and 
applications. Likewise. members of the faculty en 
gaged in research on the fur damentals of welding are i 
an excellent position to impress upon their students th 
fundamental prin iples of with which every 
competent engineer must be « quipped 


could have 
There were 
than a score, 


ations, re 


we Iding 


VISITS 


Turning from the output column to 
Division, we see that Visits to the 
Chairman or his assistant play a large part i 
ind maintaining interest In tundamental 
search. Thirteen laboratories wer: 
vear 


researchers by the 


welding re 
visited during the 
University of Detroit 

Illinois Institute of Technology 

University of Wisconsi: 

Purdue University 

Webb Institute of N ival Architectur 
Pennsylvania State Colle re 

University of Pittsburgh 

Mellon Institute of Industrial Research 
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Westinghouse Research Laboratories 
Case School of Applied Science 
Cornell University 

Columbia University 

The visits serve a number of purposes: (1) stimulation 
of progress; (2) securing first-hand information of facili 
ties in the laboratories and specializations of personnel; 
(3) suggestions for overcoming difficulties or guiding 
further research; (4) securing reports of researches 
completed but not published. 

Experience has shown that nothing can replace visiting 
the researcher in his laboratory. Correspondence is not 
a substitute, and the Annual Conference is intended to 
acquaint the researchers with each other. Ideally the 
visits should be among researchers; a group of researchers 
on the same general subject might make a round of 
visits of each other's laboratories. At present, the best 
that can be done is to have a representative of the 
Division visit as many laboratories as funds and time 
allow during the year. The laboratories selected for 
visits fall into two classes: (a) long association with the 
Division, (6) new prospects. 

During the coming year it is planned to make at least 
two series of visits: first, a brief trip to New England, 
visiting the laboratories in the vicinity of Boston. The 
second tour is similar in plan to the extended trip to the 
Pacific Coast in 1938, and arrangements are being made 
now. 


SUGGESTIONS 


It is a commonplace that research, not advertising, is 
the medium through which an industry displays that it 
is alive, that it wishes and is able to function as a pro 
gressive, efficient element in national life. However, a 
problem must be stated to the researcher before he can 
commence work. For this reason the Chairman of the 
Division periodically issues lists of general problems on 
the fundamentals of welding particularly amenable to 
study in university laboratories. Perhaps a dozen 
requests for research suggestions were received from re 
search students in universities during the year. Each 
request is given individual attention. The problems 
that are suggested are based primarily upon gaps in 
knowledge revealed by the reviews of literature prepared 
by the Literature Division. Each suggested problem is 
outlined in as great detail as possible. The task of sug 
gesting suitable problems always is facilitated, if through 
a prior visit the Chairman is familiar with the available 
equipment. It must be remembered that a large number 
of other subjects, such as nuclear physics and air con 
ditioning, are competing with welding for the interest 
of research students. Consequently, the Division always 
is glad to receive suggestions for fundamental research. 


BIBLIOGRAPHIES AND SPECIMENS 


If the suggested problem is attractive, the researcher 
often requests a bibliography to permit him to become 
familiar with his subject. Requests for bibliographies 
independent of research suggestions also are received. 
Approximately a dozen bibliographies thus are prepared 
each year. Later in the stage of research, the student 
frequently requests specimens: unwelded material, ma 
terial welded according to prescribed methods, or appara 
tus. The Division endeavors to secure the specimens 
from a firm that seems likely to deal with the material in 
question. Local cooperation between a firm and a re- 
searcher may commence through the supply of specimens 
essential to the initiation of research. 
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FUNDAMENTAL RESEARCH SUPPLEMENT 


Every two years or so an entire issue of Welding R, 
search Supplement is given over to the Fundamental] 
Research Division. The last was issued in June 1939, 
and the next is scheduled for 1941. The Fundamenta! 
Research Supplement lists the researchers of the Divisio: 
outlines in full its aims and activities, and contains 
about 100 suggested fundamental research problems 


ANNUAL CONFERENCE 


The Annual Conference of the Division is held during 
the Annual Meeting of the AMERICAN WELDING So 
ciety. The Annual Conference this year was attended 
by 35 researchers and an equal number of visitors. The 
program included talks by Dr. C. A. Adams, Chairma 
of Welding Research Committee, and by J. F. Lincoln, 
President of Lincoln Electric Co. Technical papers wer 
presented on the following topics: (a) physical chemistry 
of are welding, (6) atomic hydrogen welding, (c) hard 
facing, (d) X-ray measurement of shrinkage stresses 
caused by welding, (¢) axial-stress fatigue machine for 
welds. Professor George Sachs described the program 
of fundamental research on welding being undertaken at 
Case School of Applied Science. The Conference was 
preceded by a dinner provided by the Division, which 
also provided a portion of the transportation expenses 
of the researchers to Cleveland. 


RESEARCH GRANTS 


Research grants from funds of the Division were made 
to five universities. Three grants were made to re 
searchers on resistance welding, a process which, until a 
few years ago, had received no research whatever. Thre« 
researchers are investigating the fundamentals of resis 
tance welding. Dr. W. F. Hess in his welding laboratory 
at Rensselaer Polytechnic Institute is continuing re 
search on spot welding. He has patiently devised pr 
cision instruments for instantaneously measuring th: 
electrical quantities, time and pressure involved in spot 
welding. These instruments, it is safe to say, have 
revolutionized our ideas about the spot-welding process 
Preparing welds under conditions controlled by these 
instruments he has been able to show the relationships 
among spot-welding variables, the strength and appear 
ance of the joint and the presence of weld defects in mild 
and stainless steel. 

Che other researchers on spot welding are Dean W. B 
Kouwenhoven at Johns Hopkins University and Dr. F. J. 
Studer of Union College. Both are investigating con 
tact resistance. It is known that surface contamination 
frequently renders it impossible to spot weld a material 
The measurements of contact resistance are intended to 
show quantitatively the effects of surface films as well as 
of surface finish. It is a question whether contact 
resistance is an important factor if gross insulating films 
of oxide, for example, are not present. If it is, there re 
mains the question whether it is the contact resistance 
at 20° C. or near the melting point that is vital. Further 
complicating the problem is the doubt that exists about 
the nature of contact resistance itself, whether it is purely 
electronic or involves discharge phenomena 

Professor Jamiescn’s research and results by others 
having shown that shrinkage stresses up to the yield 
value may be expected in nearly any welded joint, it is no 
longer essential to measure the magnitude of the shrink 
age stresses in every type of welded joint that is used. 
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a great deal of doubt veil 
f shrinkage stresses by external load an 
leformation. To help remove the doubt, 
sachs of Case School of Applied Science 
research on the relief of shrink 
leformation and, incidentally, 
hrinkage stresses and applied 
hanical properties of the welds. 
lhe fourth subject of out 
iffected zone of welded high-tensile Steels a 
itv for deformation under external load 
earlier studies of 
Bruckner of the University 
an effort to determine 
that affect its weld quench Charpy value. 
investigations showed that future 
limited to three steels having 
and “‘difficult”’ weldability. By 
gation to three Steels, 
include many of the well-know 


CONCLUSION 


lhe year's activities 
Division confirm the 
point about welding. Primarily the rese 
pretense of developing 
extending applications, 
endeavor to throw light on the 
controlling each process and 
of welding. The fundamentals involve 
istry, mechanics and metallurgy, whic 
along theoretical lines. 
the assistance of the 
keep pace with theory in their specialization. 
the men upon whom the problems of welding 
impressed constantly. Their fundamental 
lead to the qualitative arguments and 
later are translated into | 
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Re I Short Time ¢ p 7] Arc Welded Low ( 
bon Steel, by N. } Ward, ] iry 19 pp. 14 
Annealin O€S 1 unprove h of 

welded low-car} eel at to 
iv 

f 

Bend Ductility Surveys, by R. D. Willia: April 1940, py 
I21-s to 122 
1 method is di cribed for exp ing bend d lity of all 

ones of butt welds in high-tensil tee! I ely ird zone 
ndergo litth elongation in the fre bend 1 fa \ 
weld 


) Phe Fundamental Nature of Welding, by D 
April 1940 pp. 141-st 


ti-Sto 145-<« 
} 


ig ni 


Babcock 


Followir s earlier observation that the first Phase of melting 
during the 1 ipid welding of stee] involved the sweating of carbon 
rich liquid from th steel, Dr. Babcock howed that the quality of 
a spot weld can be dedy ed from its fractur the bon-rich areas 
appearing dull gray, in arse, shiny frac 
ture exhibited by welds made with adequate timing 
6. Measurement of ( ontact Resistance, by W_ RB Kouwenhoven 

and J. Tampico, Octo er 1940, pp. 408-s to 
Contact resistance was measur 
created by current flowing acros the 
new method of 


harp contra t with the 


temperatures 
i , an old and a 
measurement with cold rolled land aluminun 
attained at a contact Carrying i 

In contact resistan 
itals of Resistancy Welding 


p to 4 


Che temperaturs given current 
tO rise with increa 

by Pelton, Octol 
; 


rhe fundame ntal factors ming spot welding 


| ire energy (cur 
rent times duration of welding), tip load, op: rating factor ut 
a5 Spot spacing and tip size and the condition of the urfaces to be 
welded Che physical and metallurgical ited by ir 
Proper surface conditions are en pPhasized 

Group 2 The Weld idd 

S. Reactions in Ar Welding— The Effect Ol Graphite in the 


Electrode Coating, by R. D Phomas, J: 
tober 1939, pp t—o 

Insufficient carl 
high loss 


oxides in th 


on in the weld metal favors oxide inclusion and 
of tron silicon and n inganese Pitanium and alun nun 
© coauing reappear practically without in the siag 
%. Manganese in Rutile Type of Covered Steel Electrodes, by 
1939, pp. 436-s to 440 

The manganese content of weld metal can by increased either 
directly by centage of manganese in ¢} 

Increasing the organi 
sium silicate Manganest 
manganese in the 


bead throug 


Increasing the per 


or indirectly by 


Thy 
content or by adding pota 
carbonate may substitute 
coating. Manganese may affect 
h surface tension 
Austenitic Grain size of Covered Electrod De} 
Granberry, March 1940, pp. 98-s to 90 
An attempt was mad 
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18. Cold Rolling Testing of Welded Steel Structures, by R. L 
Dowdell and T. P. Hughes, March 1940, pp. 116-s to 118-s: 
and Cold Rolling Testing of Welds, by T. P. Hughes and R. L 
Dowdell, October 1940, pp. 364-s to 365-s. 

In the cold rolling test a butt weld is rolled with the weld trans- 
verse to the direction of welding. Inability of the joint to withstand 
the combination of permanent tensile and compressive strains 
necessitated by rolling is revealed by cracks in the side of the weld 


Greup 6. Structural and Ship Welding 


19. The Value of the Faying Flange in Welded Construction, by 
W. A. Ramshaw and R. D. Bradway, January 1940, pp. 21-s to 
23-S. 

The faying flange makes a negligible contribution to the buckling 
resistance of welded bulkheads 

20. Rigidity of Welded Beam-Column Connections, by J. D. 
Goshorn, F. C. Toy and M. D. Stepath, February 1940, pp 
66-s to 71-s. 

Tests suggest that top angles do not yield the most rigid con 
nection, 


Group 7. Welding Pressure Vessels and Pressure Piping 

21. Weld Inspection by Means of Trepanned Plugs, by W. T. 
Tiffin, January 1940, pp. 37-s to 40-s. 

Measurements of distortion and tensile and bend properties sug 
gested that a satisfactory method of filling holes resulting from 
trepanning consists in chipping the weld around the hole at an 
angle of 1 in 3, in backing the hole with a plate and in filling the 
backed hole. 

22. Welding of Carbon-Molybdenum Piping for High Tempera 
ture High Pressure Service, by R. W. Emerson, October 1940, 
pp. 366-s to 376-s 
Low-carbon-'/,;% molybdenum piping does not harden appreci 

ably during welding, but preheating and stress relief heat treat 

ment, while having no effect on tensile properties, raise the bend 
ductility considerably. One of the chief problems in pipe welding 
is slag entrapped along the fusion line 


Group 8. Copper Welding 


p> Welding of Copper, by A. P. Young, January 1940, pp. 1-s 
toS-s 


Tensile tests and macrostructural examination were used 
developing suitable procedures for butt welding copper plat 
1/,to '/, in. thick by the oxyacetylene and long carbon arc processes 
with bronze filler rods. 


n 


Group 9. Arc Welding Cast Iron and Rails 
24. Metallic Electrodes for Gray Cast-Iron Welding, by F. \ 
Scott, June 1940, pp. 217-s to 221-s. 
A specially coated steel electrode yields machinable welds free 
from porosity in cast iron. 


25. Cast-Iron Electrodes for Welding Gray Cast Iron, by Gilbert 


S. Schaller, October 1940, pp. 395-s to 401-s 

Castings 3 in. long, 1'/, in. wide, !/2 in. thick were welded wit} 
coated electrodes of cast iron. Several coatings were found 
produce machinable, sound welds. A successful coating contained 
graphite, lime, ferrosilicon, and waterglass. 
26. Welded Rail for Mine Haulage Ways, by G. P. Boomsliter 

and C. H. Cather, April 1940, pp. 137-s to 140-s. 

A study of the bending strength and microstructure of ar 
welded rails using stainless steel and other electrodes showed 
that uniformity in hardness across the weld was a desirable quality 
Fatigue tests are planned in the continuation of the research 


Group 10. Hard Facing 


27. Characteristics of the Deposits of Some Hard-Facing Weld 
ing Electrodes, by H. B. Crockett and M. L. Begeman, January 
1940, 3l1-s to 36-s. 

Hardness, tensile and free-bend tests of bead deposits fron 
several hard facing electrodes on mild steel showed that bend and 
tensile ductility fall as hardness rises, and that deposits on thick 
base metal (*/, in.) are harder than on thin 


Group 11. Oxygen Cutting 
28. The Metallurgical Effects of Oxygen Cutting on Steel, by 
James R. Cady, September 1940, pp. 335-s to 344-s 
The increase in carbon and alloy content at oxygen cut edges is 
related to preferential oxidation of iron during cutting. An attempt 
was made to collect and analyze the gases in the kerf 


INDUSTRIAL RESEARCH DIVISION 


HE basic philosophy of the Industrial Research 

Division is to stimulate needed research by govern 

mental departments and corporations, and to ini 
tiate, organize and carry out cooperative research proj 
ects in the welding field. 

From time to time, therefore, either through the cen 
tral office or through its many committees, the Industrial 
Research Division promotes the presentation of papers 
and arranges for symposia on selected subjects. 

The Division's research projects are divided into two 
general types: those which relate to materials, and those 
which deal with specific projects of broad general interest 
and importance. 

There follows a brief description of each of the prin 
cipal projects of the Industrial Research Division. 


COMMITTEE I—CAST IRON 
(Not yet organized) 


COMMITTEE II—CARBON STEELS 
J. C. Hodge, Chairman 
This committee was authorized in February 1936. 
The principal activity of the committee has been the 
proposal of a comprehensive investigation to study the 
effect of carbon and manganese on the weldability of 
steels. The committee published a report in January 
1938 indicating the proposed scope of investigation. The 
report entitled “The Effect of Carbon Manganese on the 


Weldability of Plain Carbon Steels’ was distributed 
widely for comments. Based upon these comments and 
suggestions received from the steel industry, a revised 
program was prepared divided into two phases. The 
first phase of the work will deal primarily with the test 
ing of steels in compositions within the critical range so 
far as welding is concerned. The preliminary phase ot 
the program will also include the development of welda 
bility tests. 

It was estimated that the cost of the preliminary investi 
gation would be of the order of $11,000. This project 
has been financed by the American Iron and Steel Insti 
tute, the American Institute of Steel Construction, 
many other national technical societies and industry 
The work has been started at Battelle Memorial Insti 
tute. 


COMMITTEE III—LOW-ALLOY STEELS 


J. H. Critchett, Chairman 


This committee was authorized in February 1936. The 
committee set as its first objective the compilation and 
correlation of data available in such forms that the low 
alloy steels may be more readily compared, and in such 
a manner as to emphasize the factors entering into the 
problem of welding. The steels are classified as fool 
proof, moderately air-hardening under average welding 
conditions, and those which undergo sufficient loss ot 
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ductility to require special consideration. 
published in the January 1938 issue of the Welding Re- 
search Supplement. 

Further activities of the committee await the develop- 
ment of weldability tests by the Committee on Plain- 
Carbon Steels. 


A report was 


COMMITTEE IV—HIGH-ALLOY STEELS 


Dr. S. L. Hoyt, Chairman 


This committee was authorized in February 1936, and 
has undergone one reorganization. The committee has 
appointed a number of subcommittees which are dealing 
with specific problems as follows: (a) welding of .chro 
mium steels of the 18-8 type alloys; (4) stress corrosion; 
c) corrosion data and tests; (d) heat-treatment of 
welded stainless structures; (e) the welding of chromium 
steels and (f) evaluation of welds. Work is in progress 
on each of these committees. No formal reports have 

been published. 


COMMITTEE V—ALUMINUM ALLOYS 


G. O. Hoglund, Chairman 


This committee was authorized in February 1936. In 
vestigations are under way relating to the use of alumi 
num and its alloys for the construction of unfired pressure 
vessels. Information is being compiled on aluminum 
joint details and the mechanical properties of fusion 
welds in */;s-inch sheet on the weldable aluminum alloys 
This committee has been active in the stimulation of 
specific researches and the publication of research re 
ports by members of the committee and others. Two 
comprehensive reports, one relating to “Spot Welding, 
by G. O. Hoglund and G. S. Bernard, Jr., and the other 
to “Are and Gas Welding,’ by Lieutenant Commander 
R. K. Wells and A. G. Bissell, were published in the 
November 1938 Research Supplement. Other reports 
are, “Strength of Welds in Aluminum-Manganese Alloy 
Plate,” by G. O. Hoglund, published in the January 
1940 issue of the Welding Research Supplement, and 
“Brazing Aluminum Alloys,’ by the same author, pub 
lished in the April 1940 issue of the Welding Researci 
Supplement. 


COMMITTEE VI—COPPER ALLOYS 
D. K. Crampton, Chairman 


This committee was authorized in February 1936. It 
has confined its endeavors to the initiation of papers 
dealing with research projects in the field. Among these 
are, “Spot Welding Characteristics of Some Copper 
Base Alloys,’’ by D. K. Crampton and J. J. Vreeland, 
published in October 1937; “Carbon Arc Welding of 
Silicon Bronze,’’ by E. S. Bunn, J. R. Hunter and W. G. 
Seidlitz, published October 1938. Both papers were 
published in the Welding Research Supplement. Another 
paper on “A Study of Spot Welding on a Copper Base 
Alloy,”’ by M. L. Wood, J. Babin and O. B. Atkin, was 
presented at the annual meeting of the AMERICAN WELD 
ING Society in October 1940, and will be published 
later. 


COMMITTEE VII-—NICKEL ALLOYS 
O. B. J. Fraser, Chairman 
authorized in February 


This committee was 


1940 


1936. 
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lhe committee is devoting its attention to two prob 
lems, one, the effect of wire temper on welds in Monel, 
nickel and Inconel, and the other, the effect of are length 
on the quality of welds in Monel and nickel. The work is 
in progress. Problem 1 is being carried out through the 
cooperation of the Westinghouse Electric & Manufactur 
ing Company, and the second through the U. S. Naval 
Experiment Station in Annapolis The International 
Nickel Company is assisting in both projects. Several 
papers have been stimulated by the committee, including 
“Some Notes on Monel Are Welds,’ by F. G. Flocke and 
J. G. Schoener published in the January 1938 
the Welding Research Supplement, and “Physical Prop 
erties of Iron—Nickel Allovs Formed in the Welding of 
Nickel-Clad Steels,’ by W J Pheisinger and F. G 
Flocke, in the March 1939 issue of the Supplement 


issue of 


COMMITTEE A—METHODS OF TESTING 
M. F. Sayre, Chairman 

The committee authorized in February 1936 
Chis committee has rendered invaluablk ices to the 
other committees of the Industrial Research Division, 
notably the Weld Stress Committee and the Resistance 
Committee. In June 1938, it arranged a symposium on 
Impact Testing in conjunction with the American So 
ciety for Testing Materials. This symposium was pub 
lished in booklet form, consisting of 177 pages. The 
second symposium on ““The Weldability of Steels’ was 
held in October and published in the April 1940 
issue of the Welding Research Su 


was 


SCT 


1939, 


ppiement 


COMMITTEE B—ANALYSIS OF WELD FAILURES 


(Not vet organized) 


COMMITTEE C—WELD STRESSES—CAUSES AND 
EFFECTS 


Everett Chapman, Chairman 

Chis committee was authorized in February 1936. 
Che committee has devoted its attention largely to a 
study of the behavior of materials in welds under multi 
A tri-axial fatigue testing 
been designed and built. An investigation ha 

lined for Illinois Institute of Technology, and funds 
made available for this purpose. One paper sponsored 
by this group was ‘Failure of Aluminum Subjected to 


has 
out 


axial stresses. machine 


been 


Combined Stresses,’ published in the February 1940 
issue of the Welding Research Supplement The total 
cost of the proj ct to date has been about $475, and the 
estimated cost for the coming vear, including cost of the 


machine, $3725 


COMMITTEE D—NON-DESTRUCTIVE TESTS 


T. H. Lester, Chairman 
This committee was organized in June 1957 rhe 
committee has been in closest cooperation with Com 
mittee E-7 of the American Society for Testing Ma 
terials. A number of valuabie papers have resulted from 
this cooperation. During the vear Magnaflux has come 
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into prominence due to the use of the methods made 
by the Navy for detecting sub-surface defects. Com- 
mittee D is arranging to investigate the whole question 
of Magnaflux tests, including data which will promote 
better interpretations of patterns obtained. It is ex- 
pected that this work will be carried out at Johns Hop 
kins University. The cost will be about $4500. This 
investigation will be correlated with investigations in 
progress at Watertown Arsenal and the Naval Gun 
Factory. 


COMMITTEE E—RESISTANCE WELDING 
G. S. Mikhalapov, Chairman 


Chis committee was authorized in June 1937. The 
committee has sponsored, in cooperation with the Funda 
mental Research Division, a research fellowship at 
Rensselaer Polytechnic Institute. For the first time 
accurate quantitative data have been obtained on the 
fundamentals of resistance welding. The papers which 
have resulted from the joint sponsorship of the research 
fellowship at R. P. I. are, “Studies of Spot Welding of 
Low-Carbon and Stainless Steels,’ October 1938, April 
1939, and October 1939; ‘An Investigation of the Spot 
Welding of Automobile Grade Mild Steel,’’ October 1939: 
“A Method of Studying the Effects of Inertia and Friction 
in Resistance Welding Machines,’ October 1940;‘‘Changes 
in the Shape of Spherical Spot Welding Electrodes,” 
October 1940; all published in the Welding Research 
Supplement. ‘‘The Measurement of Spot Welding Cur- 
rent’ was published in the A. J. E. E. Transactions for 
June 1940. The total cost of this investigation to 
January 1, 1941 has been $6450. 

The committee has promulgated ‘Tentative Stand 
ards for the Testing of Spot Welds,’’ published in the 
September 1940 Research Supplement. The committee 
has also secured the cooperation of several important 
industrial laboratories to carry out further investigations 
on the fundamentals of resistance welding. 

The committee has organized a program to study the 
spot welding of magnesium and aluminum alloys at the 
Rensselaer Polytechnic Institute. The work is financed 
by the Army Air Corps, Wright Field, the Bureau of 
Aeronautics, U. 5. Navy, the National Advisory Com 
mittee for Aeronautics and the Aluminum Company of 
America. The newest types of resistance welding equip 
ment will be available for the execution of the program. 
The new Hi-Wave equipment is being loaned by the 
Taylor-Winfield Company and the Sciaky equipment by 
the Sciaky Welding Machines. In addition, a universal 
control apparatus, designed by the Raytheon Manu 
facturing Company and purchased by Wright Field, will 
be available to the Committee. The objective of the 
program will be to develop methods of testing applicable 
to light alloys and the development of a method of spot 
welding of these alloys suitable for use on airplane con 
struction. It is also proposed to study the fundamentals 
of the process. The work has already been started at 
Rensselaer Polytechnic Institute under the direction of 
Dr. W. F. Hess. It is estimated that the cost of this in 
vestigation for the coming year will be $27,500. 


m4, 


COMMITTEE F—FATIGUE TESTING (STRUCTURAL) 
Jonathan Jones, Chairman 


The committee was authorized in June 1937. The 
work is being carried out at the University of Illinois 
under the general supervision of Professor W. M. Wilson. 
This investigation was initiated at the request of bridge 
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engineers to secure unit design data on the fatigu: 
strength of welded joints and the behavior of such joints 
in service. This work has been financed largely by th: 
Chicago Bridge and Iron Company, the U. S. Publi 
Roads Administration and the U. S. Navy. A total oi 
$41,486.84 was spent to October 1, 1940. The budget for 
the coming year calls for an expenditure of $18,100 

The committee met in October to prepare an extensio: 
of its current program at the University of Illinois. Thx 
work accomplished was summarized in a paper presented 
by Professor Wilson before the AMERICAN WELDING 
SOCIETY, October 25, 1939. The research at the uni 
versity is well organized and making constant progress 
The first part of the program is almost completed. Th 
U. S$. Navy, Bureau of Construction and Repair, has 
joined Committee F and has introduced three relatively 
small programs of its own; two of them, comparisons of 
hull splices in riveting and in butt welding, and the other 
a test of tee joints, as between hull and bulkhead plates 
In each instance the Navy has made a substantial con 
tribution to pay its way, and its programs have been 
welcomed as bearing on the Committee's general field 
The committee has completed and reported on its study 
of the effect of periods of rest upon fatigue testing; and 
will shortly report upon the fatigue strength of butt 
welds in carbon steel plates. 

The data covering the original Navy program on butt 
welded and riveted seams will appear shortly in a bull 
tin of the University of Illinois. It is believed that the 
Association of American Railroads will make a contri 
bution in 1941. 


COMMITTEE G—STRUCTURAL STEEL 
L. S. Moisseiff, Chairman 


The Structural Steel Committee, was appointed by 
the Industrial Research Division in April 1940. The 
committee was organized for the purpose of carrying out 
researches which will result in a more rational develop 
ment of the use of welding in structural work of buildings 
and bridges. Three fellowships have been established, at 
Lehigh University, Columbia University and Carnegie 
Institute of Technology. Expenditures are at the rate 
of $3300 a year. The investigation at Lehigh is aimed 
to develop satisfactory design procedure for beam-to 
girder and beam-to-column connections of flexible, semi 
rigid and rigid types of building construction. The in 
vestigation at Columbia will develop the efficiency of the 
butt joint with through plate stiffeners and the value 
of the butt joint in splicing H-sections and other non 
rectangular shapes for bridges and buildings. 

At Carnegie Institute of Technology the program will 
cover the capacity of load-bearing welded-beam stiffeners 
for plate girders compared with riveted-angle stiffeners 
One-half the funds of this Committee are being furnished 
by the American Institute of Steel Construction, the 
other half by industry, the U.S. N. Bureau of Yards and 
Docks and by the American Society of Civil Engineers. 

The work of this Committee is a continuation of the 
old Structural Steel Welding Committee of the American 
Bureau of Welding. Three reports have been issued 
since the final report of the old Structural Steel Welding 
Research Committee. These are, ‘Designing Welded 
Frames for Continuity,’ by B. Johnston and E.H. Mount, 
October 1939 Welding Research Supplement; ‘Pilot Tests 
on Covered Electrode Welds,” by H. J. Godfrey and 
E. H. Mount, April 1940 Welding Research Supplement 
and ‘Flexible Welded Connections,’ by Bruce Johnston 
and L. F. Green, October 1940 Welding Research Supple 
ment, 
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THE ENGINEERING FOUNDATION 
WELDING RESEARCH COMMITTEE 


LITERATURE 


THREE 
DIVISIONS < FUNDAMENTAL 


INDUSTRIAL 
a 


Cooperation with 350 Research and Engineering Specialists in the 


United States 


Exchanges reports with corresponding Research Committee British" Institute 
of Welding 


Projects in 70 Engineering Schools 
46 Digests of Technical Literature with Bibliographies already published 


Monthly Supplement containing technical reports of current welding research 


in University and Industrial laboratories 


Budget for current year $124,030 exclusive of contributed 
services of Committee Members and Professors, 


also traveling expenses, estimated at $29,100 


Annual Contributions range up to $7500 


Cooperation Invited and Needed 


492-s 


WELDING RESEARCH SUPPLEMENT DECEMBER 


= 

i 
— 

= 


ALTER EGO: Literally “one’s other self" —the still, small voice that questions, inspires and corrects our conscious action 


ALTER EGO: We have the ability to get faster ALTER EGO: Maybe they need a welder that will 
welding and smoother, stronger welds. Stop add flexibility to ability. Why not get Lincoln's 


imagining—even to yourself—that we haven't. suggestion. 


Well, the shop hasn't taken any prizes 


so far. At least our work isn’t up to ex- 


LINCOLN SUGGESTS: A full kit of tools is 


essential for mastership of any skilled work 


pectations, 


man’s ability. In arc welding, the full benefit of 


ALTER EGO: Then the boys aren’t getting that 


something which gives them mastership of 


the welder’s skill is assured by ‘‘Shield-Arc’s” 


Dual Continuous Control which allows inde 


their ability. 


pendent adjustment of both the type of arc 


You've hit the words. Now to put them and its intensity for faster welding and better 


to music. Let’s find that something. welds. How? See Page 6, Bulletin 412. 
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Weld fabricated sub-assemblies of ribs and 
bracing structure. 


These three outstanding results — so necessary in maintaining today's 
production peaks — were attained by the S. Morgan Smith Company in 
fabricating several important parts of a 74,000 h.p. hydraulic turbine, 
the speed ring assembly of which is shown here. These particular parts 
weighed 372,000 pounds. Using an Airco No. 20 Travograph, multiple 
shape cutting of the steel parts speeded up production considerably. Cut- 
ting was so accurate that the close fits obtained decreased assembly time. 

When quantities of parts are required — whether large or small — the 
proper machine in Airco’s complete line makes welded construction more 
profitable. The practical assistance given by members of our Applied 
Engineering Department assures customers of the most economical results 
from Airco Gas Cutting Machines. Write for full details. 
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